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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 ajdraplemen- 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%' o , 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 iS associated with the definition and follows the definition
mentation. in boldface type. _ _

1.3 Environmental data related to waste management activi- 3-1-1 &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.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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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). It is 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,
1 (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-< ACUVIUES

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¢.2<\ 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-
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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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they will be compared. Data collected at the parts per millionit may be that similar information is needed for several

level may not be useful if they are to be compared to criteria atlecisions but different boundary conditions may apply. It is

the parts per billion level. important that decision makers understand and concur on the
6.5 Step 4—Defining Boundaries boundaries; otherwise, the ability to make decisions may be
6.5.1 Purpose—This step of the DQO process determinescompromised.

the boundaries to which the decisions will apply. Boundaries 6.6 Step 5—Developing Decision Rules

establish limits on the data collection activities identified in 6.6.1 Purpose

Step 3 (6.4). These boundaries include, but are not limited to, 6.6.1.1 The purpose of this step is to integrate outputs from

spatial boundaries (physical and geographical), temporabrevious steps into a set of statements that describe the logical

boundaries (time periods), demographic, regulatory, politicalpasis for choosing among alternative outcomes/results/actions.

and budget. The activities for this step of the DQO process aréhese statements are decision rules that define the following:

shown in Fig. 4. (1) How the sample data will be compared to the action
6.5.2 Activities level, . . :
6.5.2.1 Definition of Spatial BoundariesDefine the (2) Which decision(s) will be made as a result of that

boundaries of the total area and smallest increment of concergomparison, and _ _
Examples of items affecting the boundary definition are as (3) What subsequent action(s) will be taken based on the

follows: decisions.
(1) Horizontal or lateral areas, 6.6.1.2 The formats for these rules are either “if (criterion)
(2) Vertical boundaries (depth/height), .., then (action)” statements or a decision tree, as shown in Fig.
(3) Discrete locations (hot spots), 5. The decision criteria should be stated as clearly and
(4) Media/matrix (air, soil, water, biota, and waste), conmsely as possmle. The rule(s) must contain bpt_h a demsyon
(5) Number of containers of waste, and point (or action level) and an action. The decision rule is
(6) Volume. generated through a cooperative effort among the DQO team.

6.5.2.2 Definition of Temporal Boundaries (Time Peried) If an acceptable decision rule cannot be formulated, the process
This activity determines the time interval over which environ-"€turns to the _approprllate prev::)us step of ;}he fchlgO_procelss.
mental data will be collected for use in the decision-making ©:6-1.3 Decision rules usually contain the following ele-
process. If current or future real-time data are used to represem q | . o fi " is th
or model previous conditions, the basis of these assumptions §'d @ resultant action. "Measurement of interest” is the
models must be documented and agreed upon between tM@rlable or attribute to be measured. It can be concentratlon of
decision makers and the technical team. The same constraintafsc?]ntar'f]'n?]nt' \_/olurfne/ mass ?fSa walste, or Ph,}/?'cﬁ' property,
also placed on the extrapolation of historical or real-time data>Uc" @S flash point of a waste. “Sample statistic” Is the quantity
or both, to future time periods. computed from the sample data. It can be average value,

(1) The duration of new data collection activities must bemedian, present/absent, or some other expression of quantity. If

established. In addition, the following factors should be conthat data are not normally distributed, statistical methods based

sidered:
(a) Availability and reliability of existing historical data, DR 1 If contaminated: then act
b A h . . d DR 2: If contaminate exceeds X: then haul away
( ) CcCcess tO t e S|te or ImpaCte area, If contaminante does not exceed X; then remediate
(C) Exposure pOtential, and DR 3: If contaminate exceeds Y; then pump and treat

If contaminate does not exceed Y: then soil vacuum

(d) Budgetary constraints.
6.5.2.3 Definition of the Demographic Recepterdhe
DQO team must frequently define the receptor population that LProbJem/Decwswon(s)

may be effected. All affected populations and the mode of their ‘
anticipated exposure should be identified. These populations
include the following: NO
(1) Known/Anticipated Population(s}Human (children,
Y

adults, age, gender, and so forth), plant/animal (wetlands,
endangered species, and so forth), and global; es
(2) Population activity patterns; and
(3) Exposure pathway for each population.
6.5.2.4 Definition of Nontechnical BoundariesDecision @ No
makers also have to consider nontechnical boundaries that can
impact the resolution of the problem seriously. These nontech- Yes 6 o
nical boundaries include the following:
(1) Regulatory considerations, and fﬁm '
(2) Political or legal action(s). - —
6.5.3 Outputs—The results from each of the activities in
this step must be documented. Care must be taken to identify Lpump e et l [ Ml Vacmj
which boundary conditions apply to each decision being made.FIG. 5 Decision Tree for Three Sequential Decision Rules (DRs)

Yes
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on other distributions or non-parametric methods can be used. Decision Performance Curve
6.6.1.4 The “action level” is the limit against which the
sample statistic will be compared. Depending on whether the g
action level is exceeded or not, the specified action will resultS 0.9 False Negative = 10%
If the action level equals the regulatory threshold, the prob®&t = | 1
ability of a false positive error equals the probability of a false<< 08"
negative error. For unequal probabilities of the decision errorsgo-7 7]
the action level can be either less or greater than the regulatoifg 0.6
threshold. The degree to which the action level is different fron{— 0.5 |«
the regulatory threshold depends on the acceptable level dP  , |

uncertainty for the decision errors that the decision makers ar& False
3 1 Positive = 20%

willing to accept. The action level is determined by the levelsa )

-t . S oo- Action Regulatory
of false positive error, false negative error, measurement Level Threshold
variability, and number of samples. Derivation of an actioncx)_Cz 0.1 s /
level for given level of false positive and false negative error is~ 0.0 —h ‘ ‘
included as part of Appendix X1. 0.6 0.7 0.8 0.9 1.0 1.1 1.2

6.6.1.5 The decision rule is completed by stating the “re- Possible True Concentrations (mg/L)

sultant action” to be taken based on comparison of the sample FIG. 6 Decision Rule Development

statistic with the action level.
6.6.1.6 Two illustrations of general decision rule formats are
as follows: determine how the sample statistic will be calculated and
(1) “If the average concentration of a contaminant in wasteexpressed (units of measure). The statistical approach chosen

is greater than the action level for that contaminant, then théan be the average, mean, median, high, low, range, present/
waste will be classified as 4azardous’ waste and will be absent, and so forth. The unit of measurement must correspond

disposed of according to the governing regulations.” to those of the decision criteria, and the limit of detection
(2) “If the average concentration of a contaminant in a(measurement) must be lower than the action level. A statistic

waste is lower than the action level for that contaminant, thefay Or may not be applicable in stating observations.

the waste is classified anonhazardous’ and there are no ©-6.2.4 Specification of Mode of Compariserfter the
special limitations placed on the disposal options. sample statistic is derived from historical or real-time data and

&n action level has been identified, they must be compared.

6.6.1.7 In this illustration, the measurement of interest is* ' X ¢
“concentration of a contaminant.” The sample statistic is thel Nis comparison is usually stated as great_er than ..., less than
., or present/absent. Depending on the results of

“average concentration.” The action level is some value to be» €qual to .. N =1L LEPE! T
specified. The resultant action is “disposal according to goviN€ comparison, a specific action is indicated by the decision
erning regulations.” There may be separate decision rules fdH!€-

each medium, each domain (site), or other designated collec- 6-6-2-5 Specification of Actioa-When the result of the
tions of data. comparison of the sample statistic with the action level is

6.6.1.8 The action level may be an observation or occurknown' an action must be specn‘led_. It s_hould be S“fﬁc'e”t to
esolve the problem. In complex situations, the action may

rence in some cases. An example of this type of decision rule; o
is as follows: P yP irect decision makers to another problem (addressed by an

(1) If soil exhibits a visible dark spot as compared to the"’ldditi(?nal set of DQOS) th&}t must also be resolved..T.his type
surrounding soil, use the portable organic monitor to screen f fhloglca_l pthway r'f dlesr::nbed frquentlyfgs a decision tree.
organics in the dark spot. ese situations should have been identified in Step 2 (6.3).

6.6.2 Activities—The activities that must be completed to Fig. 5 shows the decision tree derived from the application of

tablish a decision rule are shown in Eid. 6 a set of three sequential decision rules.
establish a decision rule are sno 9 . 6.6.3 Outputs—An example showing the application of a
6.6.2.1 Determination of Measurement of InteresA clear

: f th hich decision rule is presented in Appendix X1. Some additional
expression of the measurement (parameter) upon which e,y es of decision rules that might apply to waste problems

decision is based must be provided. . and possible actions discussed in 6.2 and 6.3, respectively, are
6.6.2.2 Specification of Action LevelThe sample statistic given as follows:

of the measurement or observation of interest that initiates the g g 3.1 |f the historical record of site monitoring activities
agreed-upon action must be specified. The determination of thg, s the absence of any regulated constituent above 1 ppm,
action level for any decision is a combination of the totalihen the site can be left as is.
variability in the data acquisition process and the level of
decision errors that decision makers will accept in the final Note 1—A value of 1 ppm selected for this example only.
decision. The role of decision makers and decision errors is 6.6.3.2 If site characterization indicates that 20 % of the soil
discussed in 6.7 (Step 6), and the derivation of an action levetop 30 cm) is contaminated above 5 ppm lead, then the entire
is illustrated in Appendix X1. soil layer (1 m) must be remediated.

6.6.2.3 Specification of Sample Statistic (if Applicable) 6.6.3.3 If site characterization data show that 95 % of the
Prior to the statement of a decision rule, it is necessary ttotal surface area (10 cm deep) of the site contains less than 2
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ppm PCB, then only those areas exceeding that value need than required by regulations. A false positive error is undesir-

be remediated. able because it will incur unnecessary costs and result in
6.6.3.4 If the levels of contaminants found in the monthlyinefficiency.

ground water monitoring program total less than 1000 ppm in 6.7.2.4 False Negative ErroIf the true concentration is

each well, then no additional corrective action needs to b&qual to or greater than the regulatory threshold, but the

instituted. decision makers conclude that the waste is nonhazardous
6.6.3.5 If no contaminate above 1 ppm is observed in decause the sample average concentration is below the action

ground water monitoring well located downgradient and withinlevel, then a false negative error has been made. The conse-

100 m of the site boundary during monthly monitoring events duence of this error is that the waste will be disposed of by a
then additional monitoring wells will not be required. less stringent method. This error is undesirable because the

6.7 Step 6—Specifying Limits on Decision Errors allowed waste management method may allow consequences

: : harmful to health or the environment.
6.7.1 Purpose—An essential part of the DQO process is to : ; - :
establish the degree of uncertainty (decision errors) that 6.7.2.5 The relationship between the probability of taking

decision makers are prepared to accept in making a decisidiftion on a (E:e(;'_s'?n rutle_z E_‘l?d tthetz gossmlhe_ trILllebvalug Of Fhe
concerning the problerfRefs 4-6) The purpose of this step is measurement ot interest 1S filustrated graphically by a decision

to define the acceptable decision errors based on a consideg’—erfo”gf"m;é‘:‘:’L c_:_Jrr]vedln '.:'.g' ’ ba?ed on the examgle dezcnbe(tjhln
ation of the consequences of making an incorrect decision. T ppendix A-L. ,e Iecision performance curve depends on the
perspective of the decision makers or baseline assumption m geision makers’ willingness Fo gpcept false positive and false
be stated clearly, that is, the site is considered contaminated gfgative errors, the total variability of the measurement pro-

the site is not contaminated. There are two kinds of decisioff>>" the number of Sa”_"p'es’ and a regulatory threshold. The
errors: false positive error and false negative error. interval between the action level and the regulatory threshold

6.7.2 Activities represents the range of possible true measurement values over

which decision makers are willing to take more than a 50 %

6.7.2.1 Specifications of De_cisi(_)n Errorsit should be_ . chance of sending a nonhazardous waste to a regulated landfill
understood that, when a decision is made based on empiric

. . - ensure a specified false negative error. The curve is derived
data, there is no way to reduce either type of decision error tq . o following:

zero. Furthermore, there is usually a tradeoff between the two (1) Acceptable errors (either a false positive error or a false

decision errors, _meaning that a lower false n.egative erroﬁegative error) agreed upon between the decision makers,
would lead to a higher false positive error, and vice-versa (for (2) Total variability of the system

a given amount of data or number of samples). Decision (3) Number of samples analyzed, and
makers should understand the consequences of decision errors (4) Statistical distribution of samp,Ie data (normal, lognor-
and the tradeoffs between a false positive error and a falsrcﬁal and so forth) '

negative error. Error_ rates (false positive and false negative 6.7.2.6 In some cases, the action level may equal a regula-

errors) must be specified relative to an agreed-upon concentrgsyy jevel, or risk level. In these cases, all of the decision

tion regulatory threshold or health-risk level. makers must understand that the value of a false positive error
6.7.2.2 Consequences of an Incorrect Decistelihe ran-  4nd false negative error associated with making a decision are

dom variability for empirical data is composed of samplegqyal.

variability and measurement variability. Sampling variability is 6 7.2.7 Specification of false positive error and false nega-

composed of both environmental variability (for example,tive error is typically made on the basis of the relative

spatial, temporal, matrix, and so forth) and sample collectionmportance of the consequence of an incorrect decision of
variability. Measurement variability is a function of extraction

efficiencies, matrices effects, and analyte interferences. Taken
together, sample variance and measurement variance compo-
nents comprise the total variability in the data that contributes
to errors in the decision under consideration. Decision makers .0
must make an a priori judgement regarding how often they are o. -] ralse Negative = 10% /
willing to be wrong because of data variability. This uncer- "‘o.a 1 1

tainty is the “acceptable error” in the decision. In the context of 5 0'7?
a decision designed to be protective of human health, they can )

Decision Performance Curve

be wrong by taking a prescribed action when none was ﬁ ::E
necessary (false positive error), or they can fail to take action E 0'4_- )

~ False
8 03 Positive = 20%
L=

o 0.2 | e————

0.1

when it was necessary (false negative error).

6.7.2.3 False Positive ErrorIf the true concentration is Action Regulatory
lower than the regulatory threshold, but the decision makers Level Threshold
conclude that the waste is hazardous because the sample ] e ./
average concentration is equal to or higher than the action 0'00_6 07 Ys o 1.0 14 1.2
level, then a false positive error has been made. The conse-
quence of this error is that the nonhazardous waste will be
remediated or disposed of according to stricter requirements FIG. 7 Decision Performance Curve for Appendix X1 Example

True Concentration (mg/L)
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either type. If the costs of environmental disposal or remedialogic involved in development of the decision rules and
tion are substantial and the potential environmental impact iassociated limits on decision errors.
relatively minor, then the emphasis may be on the control or (2) As a useful tool, the DQO process can be integrated
reduction of false positive error (cost control). If the reverse isgraphically into a typical decision tree or logic flow diagram
the case, then the emphasis may be on the control or reductiehat clearly indicates actions to be taken as the result of
of the false negative error (control of environmental risk andimplementation of the decision rule(s) (see Fig. X1.1). These
liability). This important issue must be negotiated and resolvedliagrams and associated descriptive text are effective formats
on a case-by-case basis for each problem identified in Step 1 ligr use during the optimization of data collection design and
all decision makers. are important elements in project work plans.

6.7.2.8 This curve and several others that illustrate the (3) For example, the following are DQO summaries from
relationships between these factors are discussed in the eippendix X1: To make the following decision for the “cad-
ample in Appendix X1. mium incineration waste problem” with a false positive error

6.7.2.9 Control of Decision Errors-While decision errors not to exceed 20 % and a false negative error not to exceed
cannot be eliminated, their errors can be reduced By ( 10 %. If the mean cadmium concentration in the toxicity
reducing measurement errors (sampling or analytical variabilieharacteristic leaching procedure (TCLP) extract is equal to or
ties, or both) or 2) increasing the number of samples taken.>1 mg/L, then dispose of the fly ash load in a suitable landfill.
These issues relate to optimization of the study design and atéthe mean cadmium concentration in the TCLP extract is <1
covered in Step 7 (see 6.8). mg/L, then dispose of the fly ash load in a sanitary landfill.

6.7.3 Output—The rational and acceptable errors for both 6.7.4.4 Application of Data Quality Objectives
the false positive and false negative errors for each decision (1) The DQOs are applied on a day-to-day basis by incor-

from Step 1 must be documented. porating the decision errors into the action level. This makes
6.7.4 DQO Summary the decision rule easier to use. To apply DQOs, statisticians
6.7.4.1 Purpose apply statistical methods such as those used in the example in

(1) The purpose of this step is to present the results of théppendix X1 to calculate an action level that takes into
DQO process clearly and concisely, in a form usable foraccount the acceptable decision uncertainty.
optimizing data collection design (6.8; Step 7). This presenta- (2) The applied DQOs from Appendix X1 are as follows:
tion of the DQOs and the complete documentation of the (a) If the average concentration of cadmiuns§.87 mg/L,
outputs and logic from which they were derived is essential fothen dispose of the waste fly ash in a hazardous waste landfill;
the initiation of data collection design. and

(2) The DQOs are derived from the outputs of all of the (b) If the average concentration of cadmium is <0.87 mg/L,
preceding steps in the DQO process. Each output is importanthen dispose of the waste fly ash in a sanitary landfill.
However, the uncertainty on the decision and the decision rules 6.7 4.5 Decision Tree Format-In decision tree format, the
incorporate the decision, boundaries, and inputs required t9QOs are presented along with the actions and tasks that are
generate a sampling design. Indeed, the uncertainties on thequired in the data collection design step (see Fig. 5).
decisions, together with the respective decision rules, are the g 8 Step 7—Optimizing Data Collection Design
primary results of the DQO process for a particular problem. g g 1 prior to beginning this step of the process, the output

6.7.4.2 Activities ~ from the first six steps must be assembled and provided to

(1) Activities include the establishment of a framework in DQO team members who will undertake to optimize the actual
which the decision rule(s) and associated limits on decisioRampling design for data collection. Care should be taken to
error are expressed as the DQO(s) supported by the doCygparate the factual material from the DQO team’s assumptions
mented logic and outputs of the previous steps of DQO processy estimates, or both, of factors important to development of
development. Within this decision framework, the DQOs canpe output from each step. The data collection effort must
be improved and refined through an iterative process thajather sufficient data to confirm (if possible/feasible) the

includes use of and further evaluation of the following: accuracy of these assumptions.
(a) Problem statement, 6.8.2 Purpose
(b) Possible decisions, 6.8.2.1 The objective of this step is to generate the most
(c) Inputs, resource-effective sampling design that will provide adequate
(d) Definition of spatial and temporal boundaries, data for decisions to be made. In this step, sampling designs are
(e) Development of decision rule(s), and developed based on the outputs of the first six steps of the
(f) Acceptance of limits on decision error. process, assumptions made during those steps, and applicable

(2) Establishment of the DQOs by integration of concisestatistical techniques.
decision rule(s) with their associated limits on decision error 6.8.2.2 An understanding of the sources of variability and
and the documentation of the DQO process is critical inlevels of uncertainty is essential in developing the sampling
facilitating understanding of the risk of making the wrong design alternatives. The focus of the DQO process is the
decision by the decision makers. balancing of the limits of decision errors against the resources
6.7.4.3 Outputs available to complete the project. Many of the sampling design
(1) Primary outputs consist of clear and concise presentaalternatives will address different strategies for balancing the
tion of the DQO process and complete documentation of thelifferent types of decision errors with the resources available

10
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(time, money, and personnel) to resolve the problem. those that best describe the system. These include, but are not
6.8.2.3 Once sampling designs are developed, the samplidgnited to, random, sequential random, systematic, and strati-
design alternatives and required resources for each should fied sampling designs.
presented to the decision makers. These alternatives allow for (1) Probabilities of selecting an appropriate sample are
an understanding of the benefits and resource commitments telated to the type of sampling design. An equal probability of
each sampling design. If a resource-effective sampling desigselecting a sample implies a random sample design. Selecting
to provide adequate data for the decision rule cannot be foungnequal probabilities for sample selection implies a stratified
among the sampling design alternatives, it may be necessary &ample design. The more heterogeneous the sampling units, the
alter the decision or revise the inputs into the DQO processmore likely unequal probabilities will be assigned to the
This decision is the responsibility of the decision makers andgample. Furthermore, the more heterogeneous the waste site,
requires that all DQO team members be involved. Newthe more useful historical or process information is in assessing
members may be added if, in the opinion of the decisiorthe sampling design alternatives. The participation of a quali-
makers, their expertise is needed to develop acceptable DQGied statistician is critical in this process.
6.8.3 Activities—The activities involved in the development (2) Variability may also be introduced during sample
of an optimal sampling design and chemical analyses arfandling and preparation procedures that may be necessary
shown in Fig. 8. between field sampling and analytical methods. Consideration
6.8.3.1 Summary of Information-The data collectors of the important factors impacting sample variability should
should summarize any previous data and the outputs from theccur during the design process.
previous six steps of the DQO process. This allows data g g 3 3 Determination of Analytical Chemistry Metheds
collectors to remain focused on the decision makers’ needs ifthe alternative analytical chemistry methods as documented
design optimization. during the DQO process must be considered. Factors that affect

6.8.3.2 Development of Sampling Design Alternatives  sglecting alternative methods include, but are not limited to, the
Alternative sampling designs must be based on DQOs, whicfy|iowing:

were developed with an understanding of measurement vari-
ability and the resources available for resolving the problem.
Design alternatives must address the degree of representatigﬂ d
of any one sample within the problem boundaries. This is
accomplished by selecting from among the sampling designs

I DQO's T

Summarize Information
(Steps 1-86)

(1) Detection limits versus action levels;
(2) Matrix effects on detection limits, bias, and variability;

(3) Sample amount available (volume or weight).
6.8.3.4 For Each Sampling Design Alternative, Selection of
the Sample Unit that Satisfies the DQOSampling units
include drums, tanks, an area within a grid, a boring location
on a grid, a depth interval in a boring, or any other appropriate
defined physical unit from which material can be obtained.
Different sampling units may and often will be appropriate for
different materials or locations. The sampling unit may depend
on logistical and resource issues, such as whether the material
5 ; , will be disposed by drum or truck or the amount of material

evelop Design Alternatives

1) select sample unit that can be excavated.

6.8.3.5 For Each Sampling Design Alternative, Calculation
of the Optimal Number of Samples that Satisfies the DQOs
Typically, samples are collected from each sample unit for
chemical analyses. Using the mathematical expressions for

2) estimate bias, precision
3)calculate number of samples

Determine Sampling and
Analytical Methods

v

Develop Cost Estimates

v

Compare the Designs to the DQOs

v

Selection of Design by
DQO Team

v

Optimize Selected Design

FIG. 8 Optimization of Sample Design

sampling design optimization, solve for the optimal number of
samples that meet the uncertainty limits on the decision errors
specified in the DQOs. Selection of the number of samples is
an iterative process. Initial selection of the number of samples
may be based on different project criteria (for example, budget,
precision limits, and so forth). These initial calculations should
be examined to determine whether they are adequate for the
specified decision errors. In addition, preliminary sample
designs may be required for better estimates of mean concen-
trations and measurement variability for optimal planning of
larger sample designs.

6.8.3.6 For Each Sampling Design Alternative, Develop-
ment of Cost EstimatesThe estimates should relate the total
cost of sampling and chemical analyses for alternative sam-
pling designs. These cost functions may take into account such
items as the cost of remediation or waste disposal by sample
unit. This enables the decision makers to assess whether
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sampling and chemical analyses are more cost effective than 7.2.2 List of decision makers, affiliations, and responsibili-
proceeding with cleanup or disposal with minimal data collec-ies for this project.
tion. 7.2.3 Statement of the problem.

6.8.4 Outputs—The list of sampling design alternatives is 7.2 4 Summary of logic for the decisions chosen for con-
submitted to the decision makers for selection. After SeleCth%ideration. For each prob|em there must be at least one

of the final sampling design, document the operational detailgecision.

and theoretical assumptions of the selected sampling design in7 5 5 |nformation and inputs such as those given in 6.4.2.
a final sampling and chemical analyses plan. The documentanere should be appropriate inputs to allow generation of the
tion should include the sampling plan, sampling and analyticaljata to make a decision. It may be useful to establish separate
chemistry procedures, data assessment procedures, qualif¥cisions for each matrix (that is, soil, sediment, and water).
CO”tfo' requirements, and overall project quality assurance 7, g pefined boundaries, which should be addressed for
requirements. each decision. It may be useful to segregate the boundaries by

7. Documentation of the Data Quality Objective Process ~ Matrix.

7.1 The following statements and information document th r.2.7 pecision rules, which should incorporate appropriate
outputs of the specific DQO process used to develop th oundarle.s..The ruleg may be stated bY matrix. )
DQOs. The DQOs are meaningless if they are not connected 7.2.8 y|m|ts on dgmsmn error..The rationale or assumptions
with the specific problem and other qualifying information YPON which decision error estimates are based should be
used to develop them. documented.

7.2 DQO process documentation summaries can vary from

problem to problem, but most will include information such as®: Keywords
the following: 8.1 data quality objectives; DQOs; project planning; waste
7.2.1 Facility name, location, and process; analysis; waste testing
APPENDIX

(Nonmandatory Information)

X1. DQO CASE STUDY—CADMIUM-CONTAMINATED FLY ASH WASTE

X1.1 Background: was the only toxicity characteristic (TC) constituent in the

X1.1.1 Amunicipal waste incineration facility located in the Waste, these samples were analyzed individually for cadmium
Midwest routinely removes “fly ash” from its flue gas scrubberUSing TCLP. The results were expressed as the average
system and disposes it in a sanitary landfill. It was determine§oncentration along with the standard deviation.
previously that the ash was nonhazardous under hazardous ) . i
waste regulations. However, the incinerator has recently begun X1-2 Data Quality Objective DevelopmeniThe following
treating a new waste stream. As a result, a local environment&t @n €xample of the outputs from each step in the DQO
public interest group asked that the ash be retested arff9¢esSS:
evaluated for hazardous waste compliance before it is dis- X1.2.1 Statement of the Problem
posed. The group is primarily concerned that the ash may X1.2.1.1 Identification of the DQO TeamThe plant man-
contain hazardous levels of cadmium due to the new wastager assembled a DQO team consisting of himself and a
sources. The facility manager has agreed to test the ash anepresentative of the current disposal facility staff. The two of
decided to use the DQOs process to help guide decisiothem subsequently assembled the additional DQO team mem-
making throughout the project. Although not constrained bybers.
cost, the facility is interested in minimizing expenditures. (1) The decision makers on the DQO team included the

X1.1.2 The 40 CFR Part 261 RCRA toxicity characteristicincinerator owner and incineration plant manager, and a
criteria (7) for determining whether a solid waste is hazardougepresentative of the environmental public interest group, in
requires collection of a “representative portion” of the wastewhich a representative of the community in which the ash is
and performance of TCLP. During this process, the solid fly asieurrently being disposed. The technical staff included a statis-
will be “extracted” or mixed in an acid solution for 18 h. The tician, toxicologist, and chemist with sampling experience.
extraction liquid will then be subjected to tests for specific X1.2.1.2 Statement of the ProblemThe problem is to
metals. determine whether any loads of fly ash are hazardous with

X1.1.3 Since the impact of this new waste stream is notadmium under RCRA regulations using TCLP testing. If a
known, a preliminary study was conducted to determine théoad is hazardous, it must be disposed of in a RCRA landfill.
variability of the concentration of the contaminants. Random X1.2.2 Identification of Possible Decisions
samples were collected from the first 20 truckloads. Since X1.2.2.1 Decision—Determine whether the concentration
process knowledge of the waste stream indicated that cadmiuof cadmium in TCLP leachate from waste fly ash exceeds the

12
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regulatory RCRA standards. appropriate method. Potential methods of characterizing the
X1.2.2.2 Statement of the Actions that Could Result from thdeachate for cadmium include, but are not limited to, SW 846,
Decision Methods 6010, 6020, 7130, or 7131.

(1) If the average concentration of cadmium is greater than X1.2.4 Inputs to Be Determined
or equal to the action level, dispose of the waste fly ash in a X1.2.4.1 Method Validation and Quality Control (Q&}
RCRA landfill. The analytical method accuracy and precision and method
(2) If the average concentration of cadmium is less than theletection limits in leachate from the fly ash matrix must be
action level, dispose of the waste fly ash in a sanitary landfilldetermined. The QC samples must be specified.
X1.2.3 Identification of Inputs to DecisiorsThe DQO X1.2.4.2 Identification of Sampling Procedure or Deviees
team identified the following inputs or information needed for The following must be determined:
the decision rules: (1) Number of samples,
X1.2.3.1 Preliminary Study Information-Since the con- (2) Sampling methods for composite or grab samples of
cern is with a new waste stream, the DQO team ordered a pilétsh, and
study of the fly ash to determine the variability in the (3) The QC requirements for sampling.
concentration of cadmium between loads of fly ash leaving the X1.2.5 Definition of the BoundariesDefine a detailed
facility. They have determined that each load is fairly homo-description of the spatial and temporal boundaries of the
geneous. However, there is a high variability between loadslecision, characteristics that define the environmental media
due to the nature of the waste-stream. Most of the fly astand objects or people of interest, and any practical consider-
produced is not a RCRA hazardous waste and may be disposedons for the study.
of in a sanitary landfill. Because of this, the company has X1.2.5.1 Specification of the Characteristics that Define the
decided that testing each individual waste load before it leaveSample Matrix-The fly ash should not be mixed with any
the facility would be the most economical. In that way, theyother constituents except the water used for dust control.
could send loads of ash that exceeded the regulated cadmiumx1.2.5.2 Identification of Spatial BoundariesThe vari-
concentrations to the higher-cost RCRA landfills and continueibility between loads was greater than within a load; therefore,
to send the others to the sanitary landfill. a decision will be made on each load. The waste fly ash will be
(1) The study showed that the standard deviation of theested after it has been deposited in the trailer used by the waste
cadmium concentration within a load w&g = 0.4 mg/L, and  hauler. Separate decisions regarding the toxicity of the fly ash
the standard deviation of the cadmium concentration betweewill be made for each load of ash leaving the incinerator
loads wasS,=1.4 mg/L. Sample and quality control data facility. Each load of ash should fill the waste trailer at least
indicate that a normal distribution can be assumed. 70 %. In cases in which the trailer is filled less than 70 %, the
X1.2.3.2 Identification of Contaminants of Concern, Matrix, trailer must wait on-site until more ash is produced and can fill
and Regulatory Limits-The DQO team identified the follow- the trailer to the appropriate capacity.

ing factors critical to the problem: X1.2.5.3 Identification of Temporal Boundaries (Including
(1) Contaminants of ConcerrCadmium soluble in the the Time Frame Over Which the Study Should Be

TCLP extract. Conductedy-The waste does not pose a threat to humans or
(2) Sample Matrix-Fly ash. the environment while contained in the trucks. However, in
(3) Regulatory Threshole-1 mg/L. order to expedite decision making, the DQO team has placed

X1.2.3.3 Specific Project Budget and Time Constraints deadlines for reaching a decision. The fly ash waste will be
The incinerator plant manager has requested that all stages i&sted and a disposal decision made within 48 h of being loaded
the operation be performed in a manner that minimizes the co§nto waste hauling trucks.
of sampling, chemical analysis, and waste disposal. However, X1.2.6 Development of Decision RutesThe arithmetic
no formal cost constraints have been implemented. mean of sample results will be compared to the action level.

(1) The environmental public interest group has threatened X1.2.6.1 Decision Rule
to file a lawsuit for violation of environmental regulations if (1) If the average concentration of cadmium in a truck load
testing does not proceed within a “reasonable time-frame.” is equal to or greater than the action level, then dispose of the
(2) The waste does not pose a threat to humans or th@aste fly ash in a RCRA landfill; or
environment while contained in the trucks. Additionally, since (2) If the average concentration of cadmium in a truck load
the fly ash is not subject to change, disintegration, or alteratioris less than the action level, then dispose of the waste fly ash in
the chemical properties of the waste do not warrant any sanitary landfill.
temporal constraints. However, in order to expedite decisiofNote that the DQO team will decide that the action level is less
making, the DQO team has placed deadlines on sampling aritian the regulatory level in order to meet a 10 % false negative
reporting. The fly ash waste will be tested within 48 h of beingerror for concentrations at the regulatory level of 1 mg/L.
loaded onto waste hauling trailers. The analytical results from X1.2.7 Specification of Limits on Decision Errars
each sampling round should be completed and reported within X1.2.7.1 The decision makers specify acceptable decision
five working days of sampling. errors based on the consequences of making an incorrect

X1.2.3.4 Identification of the Testing Methodsdn this case, decision. Both types of decision errors have negative conse-
40 CFR Part 261, Appendix Il specified the TCLP Method SWquences.

846, Method 13118). The leachate must be analyzed by an (1) False Positive Error(declaring the load hazardous
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when it is not)—If the true cadmium concentration is below 1samples. Changing one variable will affect the value of the
mg/L, but the average measured cadmium concentration isction level. Another iteration through the last DQO process
above the action level, the nonhazardous fly ash waste will bsteps must be made if any of these changes are made.
sent to a RCRA landfill. The consequence of a false positive X1.2.7.5 Concentration Range and Action LeveThe
error is that the company will have to pay additional cost toDQO team examined the concentration data from the first 20
dispose of the waste with a cadmium concentration betweeanalyses and determined that a reasonable concentration range
the action level and regulatory threshold at a RCRA facility ago examine was between 0.6 and 1.3 pg/L. The DQO team
opposed to a less expensive method of disposal in a sanitaggreed that the action level should be based on a 10 % false
landfill. negative error at the regulatory threshold. This implies that the
(2) False Negative Errofdeclaring the load nonhazardous action level will be less than the regulatory threshold. Para-

when it is hazardous)—If the true cadmium concentration iggraph X1.2.8 describes the calculations for several action
equal to or greater than 1 mg/L, but the average measurddvels corresponding to different numbers of samples in the
cadmium concentration is below the action level, the hazardoudecision performance curve, using the standard deviation, the
fly ash waste will be sent to a sanitary landfill. The consedimits of error, and the desired false negative error. The
guence of a false negative error is that the fly ash waste may lsecision performance curve will be calculated to determine the
disposed of in a manner that will be harmful to human healttaction level and review the performance of the decision rule.
or the environment. Legal consequences and subsequent reni@- calculate the decision performance curve, decision makers
dial costs are also possible consequences. use the following steps:

X1.2.7.2 The purpose of this stage of the process is to (1) Step 1—Number of Samples:
specify the probabilities of making incorrect decisions that are (a) Selecting the number of samples is always difficult
acceptable to decision makers. The DQO team must agree drecause imperfect knowledge is available concerning the
which type of decision error is of greater concern, either a falseariability of the measurement process for the selected sample
positive error or false negative error. matrix. All calculations for the number of samples are approxi-

X1.2.7.3 For this example, the DQO team is more con-mations. Different methods can be used to determine the
cerned about a false negative error because of the increasedmber of samples. For the cadmium example, an initial
liability due to sending potentially hazardous waste to aselection of the number of samples is determined by an
sanitary landfill. The DQO team set a value for the falseestimation method that specifies the precision limits on deter-
negative error of 10 % when the true concentration is 1 mg/Lmining the concentration in the TCLP extract. Another sample
The false negative error is a greater concern because of tisze method would be based on the decision performance curve
perceived increased liability due to sending potentially hazardthat examines the effect of a different number of samples on the
ous waste to a sanitary landfill. This level is determined basegecision errors. This decision method for number of samples is
on the comfort of the decision makers accepting the risknvestigated in X1.2.8. Another method would be to calculate
associated with calling a hazardous waste nonhazardous. the number of samples for specified values of the measurement

X1.2.7.4 Data Quality Objective SummaryApplication of ~ Standard deviation, action level, and false positive error and
the DQOs on a day-to-day basis depends Drsélecting the false negative error. This procedure is illustrated in Guides
number of samples an@)(quantifying the action level for the € 970 and C 1215. _
decision rule. The decision performance curves are used to (b) For the initial fly ash waste loads, chemists on the DQO
visually compare the desired decision errors versus the possibigam would like to verify that their instrument is calibrated for
true cadmium concentrations for different numbers of sampleghe proper concentration range. They want to estimate the true

(1) The uncertainty for the DQOs can be quantified bycadmium concentration in the TCLP extract with an uncer-
calculating the action level based on a false negative error gfinty of =0.2 mg/L. In addition, the decision makers are
10 % when the true cadmium concentration of a TCLP extractVilling to allocate resources to learn that the true cadmium

for a fly ash load has a value of the regulatory threshold (foncentration is in this interval with a confidence of 95 %. The
mg/L). number of samples for these precision limits can be approxi-

(2) To begin the early phases of design optimization, thdnated by a normal probability distribution. Another approxi-

DQO team determined how the environmental data should b ation to the num_be_r of _samples could use an iterativ_e ”?eth"d
summarized and used in the decision. The DQO team identifie ra St_udent’st—dlstnbunon rather than the normal distribu-
that the mean concentration of cadmium from each load Wougn' This more general assumpt|on.us_uall_y adds only tvyo or
be compared to the action level. The background data indicat ree samples beyond the normal distribution used hergm.
that a normal distribution can be used to calculate the action (©) The number of samples(is calculated by the following
level. A normal distribution is an appropriate probability model €quation9, 10) with L =0.2 mg/L,o =S, = 0.4 mg/L, and

for the preliminary data. A false negative error less than 50 96 = 0-05 (0rZ,, = 1.960 for a 95 % confidence level):

implies that an action level will be lower than the regulatory _ (Zup0)\?
threshold. n= (T>
(3) How the statisticians on the DQO team calculated the 1.960% 0.4\2
action level for the project is shown as follows. The action n= ( 0.2 > ~ 16 (X1.1)

level is dependent on variables such as regulatory threshold here:
standard deviation, false negative error, and number oﬁ}v ere.
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n = number of samples, (b) If (average concentration of cadmium) < 0.87 mg/L, the
L = limit of error on the average (for example, 0.2 fly ash load is not considered to be a RCRA waste and will be
mg/L), disposed of in a sanitary landfill.

1-a = probability level for the confidence interval for X1.2.7.6 Decision Tree FormatFig. X1.1 shows the deci-
o« =0.05, and then 1 « =0.95 confidence inter-  sion tree format for the DQOs, along with the action level and

val, tasks that are required in the data-collection design step.

o = standard deviation of the measurement process (1) Step 3—True Concentration Corresponding to the False
(for example, 0.4 mg/L), and Positive Error:

Z,> = al2 percentile point of normal probability distri- (a) Calculate the true concentratio® (mg/L < RT) that

bution (for exampleZ,,, = Z, o,9. Common nor-  corresponds to a probability for the false positive error of 20 %
mal percentile values are given in Table X1.1.  using an action level of AL = 0.87 mg/L. This calculation again
(2) Step 2—Action LevelThe action level value for the uses the approximating normal probability distribution for the

decision rule is determined by controlling the false negativecadmium concentration measurements. For the specified false
error established in the DQO process. The quantification of thpositive error, the approximating normal probability assumes a
action level used a value of 0.10 (or 10 %) for the probabilitymean =0 mg/L (to be determined), a standard
of the false negative error and 16 samples to determine theéeviation =S, = 0.4 mg/L, and the number of samples = 16.
average cadmium concentration from the TCLP extracts. Th&he 20 % percentile point for the standardized normal prob-
probability calculations are based on an approximating normaability distribution isZ, ,,=0.842 (see Table X1.1).

probability distribution for the cadmium concentration mea- Pr (false positive error= Pr{average= AL

surements. This approximating normal probability assumes a when the true concentration
mean =RT =1.0 mg/L and a standard deviatio§,~ 0.4 =0 <RT}
mg/L. The 10 % percentile point for the standardized normal =0.20

probability distribution isZ, o= 1.282 (see Table X1.1). The ¢
probability (Pr) for the false negative error evaluated at RT is

as follows: PIFP) = Pr[averag& O_AL- e] =0.20,
. SAVA SAVA
Pr(false negative error
= Pr(average< AL when the true concentration AL~ 6 =+
SI\/W .20,
=R
=0.10 S,
or 6=AL- Zo.zoW-
average- RT AL — RT 0 = 0.87 mg/L— (0.842(0.4 mg/L)/4 = 0.87 mg/L— 0.08 mg/L,
PrFN) = Pf[ S/ < S/ ] =0.10, 6 =0.79 mg/L. (X1.3)
where:
AL-RT_ 7, AL = action level,
S/\/n 10 RT = regulatory threshold, and
Z,,0 = tabulated 20 % percentile point from a standard
Su normal distribution (see Table X1.1).
AL =RT - ZOiOW' (b) The decision performance curve would have a probabil-
AL = 1.0 mg/L— (1.282(0.4 mg/U/4 = 1.0 mg/L— 0.13 mg/L, ity of_taklng an action (that is, se_ndlng fly ash waste to a RCRA
AL = 0.87 mglL. (x1.2) landfill) of 0.20 at a true cadmium concentration tof 0.79
mg/L. The possible true cadmium concentration values in the
where:
AL = action level, - - _
RT = regulatory threshold, Fill Trucks with Ash '
Sy = standard deviation of the measurement process : No -
estimated from a sufficient number of samples, and U‘Fe” filing |
Zy,0 = tabulated 10 % percentile point from a standard S U Yes ‘
normal distribution (see Table X1.1). ﬁ;";;";g.’;:;‘gm‘;‘f;:,‘;d ‘
Therefore, the decision rule is as follows: |into ane sample by project SOF |
(a) If (average concentration of cadmium)0.87 mg/L, the "Run TCLP testfor Cd
fly ash load is considered to be a RCRA waste and will be | using SW-848 Mathods |
. T — Yes No < e
disposed of in a RCRA landfill; or ‘%Q 560> 087 il mde
TABLE X1.1 Common Normal Percentile Points ﬁmgﬁﬁr Send_"uckgosannaﬂ
ZO 20 ZO 10 ZO 05 ZO 025 ZO 01 ZO 005 : was?e fandi - fandiil f‘!_dfgoffl
0.842 1.282 1.645 1.960 2.326 2.576

FIG. X1.1 Decision Tree for the Cadmium Example
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interval (0.79 and 1.0 mg/L) represent values that cause thextract. The DQO process specified a probability of 0.10 for
decision rule to send fly ash waste to a RCRA landfill everthe false negative error when the true concentration is at the
though the true concentration is below the regulatory thresholdRT. This specified false negative error implies that the decision
This interval can be reduced by increasing the number operformance curve will have a probability of taking action
samples, changing the false negative error, or changing thequal to 0.90 when the true concentration is equal to RT. If the
false positive error. true concentration value is equal to the value of the action level
(2) Step 4—Drawing the Decision Performance Curve:  (0.87 mg/L), there is a probability of taking action of 0.50. The
(@) Draw the decision performance curve by using theDQO team can also determine the true concentration for a
standardized normal probability distribution. The standardizedpecified false positive error from the decision performance
normal probability distribution is defined as a normal probabil-curve.
ity distribution with mean =0 and standard deviation =1.0. (1) Fig. X1.2 shows three decision performance curves for
There are many tables and computer programs that can be usidee different numbers of samples (8, 16, and 24). All three
to calculate probabilities for a standardized normal randontecision performance curves meet the specified probability for
variable,Z. A normal random variableX, with mean = p and the false negative error of 0.10 at a true concentration equal to
standard deviation & can be transformed to a standardizedRT. The purpose of these curves is to assess the effects of
normal random variable by = (X - p)/o. taking more or fewer samples on the action level and the false
Prob(action = Pr(average= AL when the true concentration 6) positive error. This analysis can be used to update applying the
decision rule. For example, the decision makers concluded that
eight additional samples (that is, 24) does not improve the AL

AL — 0
Prob(action) = 1.0 — Prob(Z = ) , value and false positive error sufficiently to justify the increase
SV in cost.
X1.2.8.2 Implementatior-Cadmium concentration values
_ 0.87—- 6 . ;
Prob(action) = 1.0 — Prob<ZS 01 > (x1.4)  from the TCLP extracts will be collected over a long time

) ) o period because this waste stream is a continuous process. The

(b) Fig. X1.2 is a plot of the decision performance curve gecision makers will establish a QC program to monitor the
generated by calculating a Prob (action) value using th@admium concentration values for process changes. After every
standard normal probability distribution for each possible truezg fly ash loads, the process variability will be reestimated and
concentration valud. The decision performance curve can pey values for the number of samples and action level will be
frequently be drawn freehand if three pairs of (concentrationsonsidered. This strategy becomes part of the decision process.
and probability) values are determined: ((RT, 1-Pr (false x1 2 83 Documentation of the Data Quality Objective
negative error)), (AL, 0.50), and(Pr (false positive error)).  process—The following statements and information document

~X1.2.8 Optimizing Data Collection and DesigaThe deci-  he outputs of the specific DQO process used to develop the
sion makers will s_elect the lowest-cost sampllng de5|gn that igyove-stated DQOs. These objectives are meaningless if they
expected to achieve the DQOs. The series of designs fQfye not connected with the specific problem and other quali-
sampling the fly ash waste will be generated by the statisticianging information used in the DQO development.
on the DQO team. The choice of sampling plan will be decided (1) The DQO team required that the documentation be a
by consensus. . concise summary of the following information:

X1.2.8.1 Decision Performance CurveThe decision per- (a) Facility name, location, and process;

formance curve in Fig. X1.2 plots the probability of taking (b) List of DQO team members, affiliations, and responsi-
action (disposing of the waste in a RCRA landfill) versuspijities for this project;

different possible values for the true concentration in the TCLP (c) Statement of the problem:

Cadmium Contaminated Fly-Ash Waste (d) Logic for the solutions chosen for consideration;
= "° [ Faise Negative = 10% -2 [~ (¢) Information and inputs required by the DQO team to
9d °° 7” =8 make the deC|_S|on, including sample matrix, prellmmary study
E&" o8- g L: ) ;i result_s, sampllr_wg_ methods required, and use of each input in
&é Z;J = re:(;lf();hggf.a %eglsmr:j. .
L efined boundaries;
;8 Zj (g) Decision logic in rule or decision tree format; and
72 . (h) Assumptions made regarding the decision error and any
58] P _ information used to generate preliminary action levels and the
08 o4 1 -7 number of samples.
a3 00 F Tl E— , : ‘ (2) All meetings held by the DQO team should be docu-
o6 07 of “}9 N ossibia Cadmm mented. The meeting minutes should include the attendees,
AL | AL.s  Concentrations (mg/L) information used to generate each step of the process, and
AL, rationale used to make final agreements on the decision logic,
FIG. X1.2 Decision Performance Curves for Cadmium Example boundaries, inputs, and decision errors.
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