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Standard Methods for the Examination of Water and Wastewater

PREFACE TO THE TWENTIETH EDITION

The Nineteenth and Earlier Editions

The first edition of Standard Methods was published in 1905. Each subsequent edition
presented significant improvements of methodology and enlarged its scope to include techniques
suitable for examination of many types of samples encountered in the assessment and control of
water quality and water pollution.

A brief history of Standard Methods is of interest because of its contemporary relevance. A
movement for “‘securing the adoption of more uniform and efficient methods of water analysis’’
led in the 1880’s to the organization of a special committee of the Chemical Section of American
Association for the Advancement of Science. A report of this committee, published in 1889, was
entitled: A Method, in Part, for the Sanitary Examination of Water, and for the Statement of
Results, Offered for General Adoption.*#(1) Five topics were covered: (1) ““free’” and
““albuminoid’” ammonia; (2) oxygen-consuming capacity; (3) total nitrogen as nitrates and
nitrites; (4) nitrogen as nitrites; and (5) statement of results.

In 1895, members of the American Public Health Association, recognizing the need for
standard methods in the bacteriological examination of water, sponsored a convention of
bacteriologists to discuss the problem. As a result, an APHA committee was appointed *‘to draw
up procedures for the study of bacteria in a uniform manner and with special references to the
differentiation of species.”” Submitted in 1897,1#(2) the procedures found wide acceptance.

In 1899, APHA appointed a Committee on Standard Methods of Water Analysis, charged
with the extension of standard procedures to all methods involved in the analysis of water. The
committee report, published in 1905, constituted the first edition of Standard Methods (then
entitled Standard Methods of Water Analysis). Physical, chemical, microscopic, and
bacteriological methods of water examination were included. In its letter of transmittal, the
Committee stated:

The methods of analysis presented in this report as *“Standard Methods’” are believed
to represent the best current practice of American water analysts, and to be generally
applicable in connection with the ordinary problems of water purification, sewage
disposal and sanitary investigations. Analysts working on widely different problems
manifestly cannot use methods which are identical, and special problems obviously
require the methods best adapted to them; but, while recognizing these facts, it yet
remains true that sound progress in analytical work will advance in proportion to the
general adoption of methods which are reliable, uniform and adequate.
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It is said by some that standard methods within the field of applied science tend to
stifle investigations and that they retard true progress. If such standards are used in the
proper spirit, this ought not to be so. The Committee strongly desires that every effort
shall be continued to improve the techniques of water analysis and especially to compare
current methods with those herein recommended, where different, so that the results
obtained may be still more accurate and reliable than they are at present.

Revised and enlarged editions were published by APHA under the title Standard Methods of
Water Analysis in 1912 (Second Edition), 1917 (Third), 1920 (Fourth), and 1923 (Fifth). In
1925, the American Water Works Association joined APHA in publishing the Sixth Edition,
which had the broader title, Standard Methods of the Examination of Water and Sewage. Joint
publication was continued in the Seventh Edition, dated 1933.

In 1935, the Federation of Sewage Works Associations (now the Water Environment
Federation) issued a committee report, ‘‘Standard Methods of Sewage Analysis.”’$#(3) With
minor modifications, these methods were incorporated into the Eighth Edition (1936) of
Standard Methods, which was thus the first to provide methods for the examination of
“‘sewages, effluents, industrial wastes, grossly polluted waters, sludges, and muds.”” The Ninth
Edition, appearing in 1946, likewise contained these methods, and in the following year the
Federation became a full-fledged publishing partner. Since 1947, the work of the Standard
Methods committees of the three associations—APHA, AWWA, and WEF—has been
coordinated by a Joint Editorial Board, on which all three are represented.

The Tenth Edition (1955) included methods specific for examination of industrial
wastewaters; this was reflected by a new title: Standard Methods for the Examination of Water,
Sewage and Industrial Wastes. To describe more accurately and concisely the contents of the
Eleventh Edition (1960), the title was shortened to Standard Methods for the Examination of
Water and Wastewater. It remained unchanged in the Twelfth Edition (1965), the Thirteenth
Edition (1971), the Fourteenth Edition (1976), and the Fifteenth Edition (1981).

In the Fourteenth Edition, the separation of test methods for water from those for wastewater
was discontinued. All methods for a given component or characteristic appeared under a single
heading. With minor differences, the organization of the Fourteenth Edition was retained for the
Fifteenth and Sixteenth (1985) Editions. Two major policy decisions of the Joint Editorial Board
were implemented for the Sixteenth Edition. First, the International System of Units (SI) was
adopted except where prevailing field systems or practices require English units. Second, the use
of trade names or proprietary materials was eliminated insofar as possible, to avoid potential
claims regarding restraint of trade or commercial favoritism.

The organization of the Seventeenth Edition (1989) reflected a commitment to develop and
retain a permanent numbering system. New numbers were assigned to all sections, and unused
numbers were reserved for future use. All part numbers were expanded to multiples of 1000
instead of 100. The parts retained their identity from the previous edition, with the exception of
Part 6000, which contained methods for the measurement of specific organic compounds. The
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more general procedures for organics were found in Part 5000.

The Seventeenth Edition also underwent a major revision in the introductory Part 1000.
Sections dealing with statistical analysis, data quality, and methods development were greatly
expanded. The section on reagent water was updated to include a classification scheme for
various types of reagent water. At the beginning of each of the subsequent parts of the manual,
sections were included that discussed quality assurance and other matters of general application
within the specific subject area, to minimize repetition in the succeeding text.

The Eighteenth Edition (1992) underwent only minor revisions in the format from the 17th
edition. A number of new methods were added in each section. The 18th Edition has many of its
methods cited for compliance monitoring of both drinking water and wastewater.

In the Nineteenth Edition (1995), sections were added on laboratory safety and waste
management in Part 1000. Substantial changes occurred throughout, adding new methodology
and revisions to many of the sections.

The Twentieth Edition

The Twentieth Edition has maintained the trend of the Nineteenth Edition in continued
renewal of Part 1000. Significant revision has occurred in the sections on data quality (1030),
sampling (1060) and reagent water (1080).

In Part 2000 (physical and aggregate properties), odor (2150) has been revised to supply new
tables for odor identification. The salinity (2520) formula has been made compatible with
conductivity nomenclature and quality control procedures have been updated and strengthened.

Significant reworking of the introductory material has occurred in Part 3000 (metals); the
introduction now includes a user guide to appropriate methods of metal analysis. A new section,
inductively coupled plasma/mass spectrometry (ICP/MS), has been added. Anodic stripping
voltammetry (3130) has been expanded to include zinc. The sections on ICP, sample preparation,
and specific metal analyses have been revised.

Part 4000 (inorganic nonmetallic constituents) has been reviewed and includes new methods
on flow injection analysis (4130), potassium permanganate (4500-KMnO,), and capillary ion

electrophoresis (4140). Ozone (4500-O5) methods have been updated. Significant revisions also
have been made in the nitrogen sections. Other sections have undergone minor revisions.

Part 5000 (aggregate organic constituents) has significantly revised sections on chemical
oxygen demand (5220), total organic carbon (5310) (from the Nineteenth Edition supplement),
and dissolved organic halogen (5320). Freon has been mostly replaced by hexane in the oil and
grease section (5520).

In Part 6000 (individual organic compounds), a new section on volatile organic compounds
has replaced a number of old sections and a major section on quality control has been added.

Various editorial changes were made in Part 7000 (radioactivity) and a revision in
gamma-emitting radionuclides (7120) was made.
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Part 8000 (toxicity testing) underwent major changes with new protocols for quality
assurance (8020), P450 methodology (8070) from the Nineteenth Edition supplement, pore water
test procedures (8080), protozoa (8310), rotifers (8420), Daphnia (8711), Ceriodaphnia (8712),
mysids (8714), decapods (8740), echinoderm fertilization and development (8810), and fathead
minnows (8911). Other sections have been revised significantly and illustrations of many test
organisms have been added.

Part 9000 (microbiological examination) has had major revisions to quality assurance and
pathogenic bacteria (9260) and minor revisions in several other sections.

Part 10000 (biological examination) has undergone minor revisions. Some new figures and
illustrations of organisms have been added.

Making Reagents

Following the instructions for making reagents may result in preparation of quantities larger
than actually needed. In some cases these materials are toxic. To promote economy and
minimize waste, the analyst should review needs and scale down solution volumes where
appropriate. This conservative attitude also should extend to purchasing policies so that unused
chemicals do not accumulate or need to be discarded as their shelf lives expire.

Selection and Approval of Methods

For each new edition both the technical criteria for selection of methods and the formal
procedures for their approval and inclusion are reviewed critically. In regard to the approval
procedures, it is considered particularly important to assure that the methods presented have been
reviewed and are supported by the largest number of qualified people, so that they may represent
a true consensus of expert opinion.

For the Fourteenth Edition a Joint Task Group was established for each test. This scheme has
continued for each subsequent edition. Appointment of an individual to a Joint Task Group
generally was based on the expressed interest or recognized expertise of the individual. The
effort in every case was to assemble a group having maximum available expertise in the test
methods of concern.

Each Joint Task Group was charged with reviewing the pertinent methods in the Nineteenth
Edition along with other methods from the literature, recommending the methods to be included
in the Twentieth Edition, and presenting those methods in the form of a proposed section
manuscript. Subsequently, each section manuscript (except for Part 1000) was ratified by vote of
those members of the Standard Methods Committee who asked to review sections in that part.
Every negative vote and every comment submitted in the balloting was reviewed by the Joint
Editorial Board. Relevant suggestions were referred appropriately for resolution. When negative
votes on the first ballot could not be resolved by the Joint Task Group or the Joint Editorial
Board, the section was reballoted among all who voted affirmatively or negatively on the
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original ballot. Only a few issues could not be resolved in this manner and the Joint Editorial
Board made the final decision.

The general and quality assurance information presented in Part 1000 was treated somewhat
differently. Again, Joint Task Groups were formed, given a charge, and allowed to produce a
consensus draft. This draft was reviewed by the Joint Editorial Board Liaison and subsequently
by the Joint Editorial Board. The draft sections were sent to the Standard Methods Committee
and comments resulting from this review were used to develop the final draft.

The methods presented here, as in previous editions, are believed to be the best available and
generally accepted procedures for the analysis of water, wastewaters, and related materials. They
represent the recommendations of specialists, ratified by a large number of analysts and others of
more general expertise, and as such are truly consensus standards, offering a valid and
recognized basis for control and evaluation.

The technical criteria for selection of methods were applied by the Joint Task Groups and by
the individuals reviewing their recommendations, with the Joint Editorial Board providing only
general guidelines. In addition to the classical concepts of precision, bias, and minimum
detectable concentration, selection of a method also must recognize such considerations as the
time required to obtain a result, needs for specialized equipment and for special training of the
analyst, and other factors related to the cost of the analysis and the feasibility of its widespread
use.

Status of Methods

All methods in the Twentieth Edition are dated to assist users in identifying those methods
that have been changed significantly between editions. The year the section was approved by the
Standard Methods Committee is indicated in a footnote at the beginning of each section.
Sections or methods that appeared in the Nineteenth Edition that are unchanged, or changed only
editorially in the Twentieth Edition, show an approval date of 1993 or 1994. Sections or methods
that were changed significantly, or that were reaffirmed by general balloting of the Standard
Methods Committee, are dated 1996 or 1997. If an individual method within a section was
revised, that method carries an approval date different from that of the rest of the section.

Methods in the Twentieth Edition are divided into fundamental classes: PROPOSED,
SPECIALIZED, STANDARD, AND GENERAL. None of the methods in the Twentieth Edition
have the specialized designation. Regardless of assigned class, all methods must be approved by
the Standard Methods Committee. The four classes are described below:

1. PROPOSED—A PROPOSED method must undergo development and validation that
meets the requirements set forth in Section 1040A of Standard Methods.

2. SPECIALIZED—A procedure qualifies as a SPECIALIZED method in one of two ways:
a) The procedure must undergo development and validation and collaborative testing that meet
the requirements set forth in Section 1040B and C of Standard Methods, respectively; or b) The
procedure is the *““METHOD OF CHOICE’’ of the members of the Standard Methods
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Committee actively conducting the analysis and it has appeared in TWO PREVIOUS EDITIONS
of Standard Methods.

3. STANDARD—A procedure qualifies as a STANDARD method in one of two ways: a)
The procedure must undergo development and validation and collaborative testing that meet the
requirements set forth in Section 1040B and C of Standard Methods, respectively, and it is
“WIDELY USED’’ by the members of the Standard Methods Committee; or b) The procedure is
“WIDELY USED’’ by the members of the Standard Methods Committee and it has appeared in
TWO PREVIOUS EDITIONS of Standard Methods.

4. GENERAL—A procedure qualifies as a GENERAL method if it has appeared in TWO
PREVIOUS EDITIONS of Standard Methods.

Assignment of a classification to a method is done by the Joint Editorial Board. When
making method classifications, the Joint Editorial Board evaluates the results of the survey on
method use by the Standard Methods Committee that is conducted at the time of general
balloting of the method. In addition, the Joint Editorial Board considers recommendations
offered by Joint Task Groups and the Part Coordinator.

Methods categorized as ‘‘PROPOSED,’” “*SPECIALIZED,’’ and ‘*“GENERAL’’ are so
designated in their titles; methods with no designation are ‘*“STANDARD.”’

Technical progress makes advisable the establishment of a program to keep Standard
Methods abreast of advances in research and general practice. The Joint Editorial Board has
developed the following procedure for effecting interim changes in methods between editions:

1. Any method given proposed status in the current edition may be elevated by action of the
Joint Editorial Board, on the basis of adequate published data supporting such a change as
submitted to the Board by the appropriate Joint Task Group. Notification of such a change in
status shall be accomplished by publication in the official journals of the three associations
sponsoring Standard Methods.

2. No method may be abandoned or reduced to a lower status during the interval between
editions.

3. A new method may be adopted as proposed, specialized, or standard by the Joint Editorial
Board between editions, such action being based on the usual consensus procedure. Such new
methods may be published in supplements to editions of Standard Methods. It is intended that a
supplement be published midway between editions.

Even more important to maintaining the current status of these standards is the intention of
the sponsors and the Joint Editorial Board that subsequent editions will appear regularly at
reasonably short intervals.

Reader comments and questions concerning this manual should be addressed to: Standard
Methods Manager, American Water Works Association, 6666 West Quincy Avenue, Denver, CO
80235.
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Endnotes
1 (Popup - Footnote)
*J. Anal. Chem. 3:398 (1889).
2 (Popup - Footnote)
T Proc. Amer. Pub. Health Assoc. 23:56 (1897).
3 (Popup - Footnote)
1 Sewage Works J. 7:444 (1935).
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Part 1000 INTRODUCTION

1010 INTRODUCTION

1010 A. Scope and Application of Methods

The procedures described in these standards are intended for the examination of waters of a
wide range of quality, including water suitable for domestic or industrial supplies, surface water,
ground water, cooling or circulating water, boiler water, boiler feed water, treated and untreated
municipal or industrial wastewater, and saline water. The unity of the fields of water supply,
receiving water quality, and wastewater treatment and disposal is recognized by presenting
methods of analysis for each constituent in a single section for all types of waters.

An effort has been made to present methods that apply generally. Where alternative methods
are necessary for samples of different composition, the basis for selecting the most appropriate
method is presented as clearly as possible. However, samples with extreme concentrations or
otherwise unusual compositions or characteristics may present difficulties that preclude the
direct use of these methods. Hence, some modification of a procedure may be necessary in
specific instances. Whenever a procedure is modified, the analyst should state plainly the nature
of modification in the report of results.

Certain procedures are intended for use with sludges and sediments. Here again, the effort
has been to present methods of the widest possible application, but when chemical sludges or
slurries or other samples of highly unusual composition are encountered, the methods of this
manual may require modification or may be inappropriate.

Most of the methods included here have been endorsed by regulatory agencies. Procedural
modification without formal approval may be unacceptable to a regulatory body.

The analysis of bulk chemicals received for water treatment is not included herein. A
committee of the American Water Works Association prepares and issues standards for water
treatment chemicals.

Part 1000 contains information that is common to, or useful in, laboratories desiring to
produce analytical results of known quality, that is, of known accuracy and with known
uncertainty in that accuracy. To accomplish this, apply the quality assurance methods described
herein to the standard methods described elsewhere in this publication. Other sections of Part
1000 address laboratory equipment, laboratory safety, sampling procedures, and method
development and validation, all of which provide necessary information.
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1010 B. Statistics

1. Normal Distribution

If a measurement is repeated many times under essentially identical conditions, the results
of each measurement, x, will be distributed randomly about a mean value (arithmetic average)
because of uncontrollable or experimental error. If an infinite number of such measurements
were to be accumulated, the individual values would be distributed in a curve similar to those
shown in Figure 1010:1. The left curve illustrates the Gaussian or normal distribution, which is
described precisely by the mean, p, and the standard deviation, . The mean, or average, of the
distribution is simply the sum of all values divided by the number of values so summed, i.e., n
= (X;;)/n. Because no measurements are repeated an infinite number of times, an estimate of

the mean is made, using the same summation procedure but with n equal to a finite number of
repeated measurements (10, or 20, or. . .). This estimate of u is denoted by x. The standard
deviation of the normal distribution is defined as o = [X(x—p)2/n]¥/2. Again, the analyst can only
estimate the standard deviation because the number of observations made is finite; the estimate
of o is denoted by s and is calculated as follows:

s = [Sx—%n-1)]"

The standard deviation fixes the width, or spread, of the normal distribution, and also includes a
fixed fraction of the values making up the curve. For example, 68.27% of the measurements lie
between p + 1o, 95.45% between p + 20, and 99.70% between p + 3o. It is sufficiently accurate
to state that 95% of the values are within £2c and 99% within £3c. When values are assigned

to the o multiples, they are confidence limits. For example, 10 * 4 indicates that the
confidence limits are 6 and 14, while values from 6 to 14 represent the confidence interval.

Another useful statistic is the standard error of the mean, o which is the standard deviation

divided by the square root of the number of values, or o+ . This is an estimate of the accuracy
of the mean and implies that another sample from the same population would have a mean within
some multiple of this. Multiples of this statistic include the same fraction of the values as stated
above for o. In practice, a relatively small number of average values is available, so the
confidence intervals of the mean are expressed as z = #+/» Where t has the following values for
95% confidence intervals:

n t
2 12.71
3 4.30
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n t
4 3.18
5 2.78
10 2.26
0 1.96

The use of t compensates for the tendency of a small number of values to underestimate
uncertainty. For n > 15, it is common to use t = 2 to estimate the 95% confidence interval.

Still another statistic is the relative standard deviation, o/u, with its estimate s/x, also known
as the coefficient of variation (CV), which commonly is expressed as a percentage. This statistic
normalizes the standard deviation and sometimes facilitates making direct comparisons among
analyses that include a wide range of concentrations. For example, if analyses at low
concentrations yield a result of 10 £ 1.5 mg/L and at high concentrations 100+ 8 mg/L, the
standard deviations do not appear comparable. However, the percent relative standard deviations
are 100 (1.5/10) = 15% and 100 (8/100) = 8%, which indicate the smaller variability obtained by
using this parameter.

2. Log-Normal Distribution

In many cases the results obtained from analysis of environmental samples will not be
normally distributed, i.e., a graph of the data will be obviously skewed, as shown at right in
Figure 1010:1, with the mode, median, and mean being distinctly different. To obtain a nearly
normal distribution, convert the results to logarithms and then calculate x and s. The
antilogarithms of these two values are estimates of the geometric mean and the geometric
standard deviation, Xq and Sq.

3. Rejection of Data

Quite often in a series of measurements, one or more of the results will differ greatly from
the other values. Theoretically, no result should be rejected, because it may indicate either a
faulty technique that casts doubt on all results or the presence of a true variant in the distribution.
In practice, reject the result of any analysis in which a known error has occurred. In
environmental studies, extremely high and low concentrations of contaminants may indicate the
existence of areas with problems or areas with no contamination, so they should not be rejected
arbitrarily.

An objective test for outliers has been described.! If a set of data is ordered from low to high:
XL, X, ... Xy, and the average and standard deviation are calculated, then suspected high or low

outliers can be tested by the following procedure. First, calculate the statistic T :
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T (x;; — x)s for a high value, or

T = (x — x)s for a low value.

Second, compare the value of T with the value from Table 1010:1 for either a 5% or 1% level of
significance. If the calculated T is larger than the table value for the number of measurements, n,
then the x or x| is an outlier at that level of significance.

Further information on statistical techniques is available elsewhere.2:3

4. References
1. BARNETT, V. & T. LEWIS. 1984. Outliers in Statistical Data. John Wiley & Sons, New
York, N.Y.
2. NATRELLA, M.G. 1963. Experimental Statistics. National Bur. Standards Handbook 91,
Washington, D.C.
3. SNEDECOR, G.W. & W.G. COCHRAN. 1980. Statistical Methods. lowa State University
Press, Ames.

1010 C. Glossary

1. Definition of Terms
The purpose of this glossary is to define concepts, not regulatory terms; it is not intended to
be all-inclusive.
Accuracy—combination of bias and precision of an analytical procedure, which reflects the
closeness of a measured value to a true value.
Bias—consistent deviation of measured values from the true value, caused by systematic errors
in a procedure.
Calibration check standard—standard used to determine the state of calibration of an instrument
between periodic recalibrations.
Confidence coefficient—the probability, %, that a measurement result will lie within the
confidence interval or between the confidence limits.
Confidence interval—set of possible values within which the true value will lie with a specified
level of probability.
Confidence limit—one of the boundary values defining the confidence interval.
Detection levels—Various levels in increasing order are:
Instrumental detection level (IDL)—the constituent concentration that produces a signal
greater than five times the signal/ noise ratio of the instrument. This is similar, in many
respects, to ““critical level’” and *“criterion of detection.”” The latter level is stated as
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1.645 times the s of blank analyses.

Lower level of detection (LLD)—the constituent concentration in reagent water that produces
a signal 2(1.645)s above the mean of blank analyses. This sets both Type | and Type Il
errors at 5%. Other names for this level are *‘detection level’” and “‘level of detection’’
(LOD).

Method detection level (MDL)—the constituent concentration that, when processed through
the complete method, produces a signal with a 99% probability that it is different from
the blank. For seven replicates of the sample, the mean must be 3.14s above the blank
where s is the standard deviation of the seven replicates. Compute MDL from replicate
measurements one to five times the actual MDL. The MDL will be larger than the LLD
because of the few replications and the sample processing steps and may vary with
constituent and matrix.

Level of quantitation (LOQ)/minimum quantitation level (MQL)—the constituent
concentration that produces a signal sufficiently greater than the blank that it can be
detected within specified levels by good laboratories during routine operating conditions.
Typically it is the concentration that produces a signal 10s above the reagent water blank
signal.

Duplicate—usually the smallest number of replicates (two) but specifically herein refers to
duplicate samples, i.e., two samples taken at the same time from one location.

Internal standard—a pure compound added to a sample extract just before instrumental analysis
to permit correction for inefficiencies.

Laboratory control standard—a standard, usually certified by an outside agency, used to
measure the bias in a procedure. For certain constituents and matrices, use National Institute
of Standards and Technology (NIST) Standard Reference Materials when they are available.

Precision—measure of the degree of agreement among replicate analyses of a sample, usually
expressed as the standard deviation.

Quality assessment—yprocedure for determining the quality of laboratory measurements by use
of data from internal and external quality control measures.

Quality assurance—a definitive plan for laboratory operation that specifies the measures used to
produce data of known precision and bias.

Quality control—set of measures within a sample analysis methodology to assure that the
process is in control.

Random error—the deviation in any step in an analytical procedure that can be treated by
standard statistical techniques.

Replicate—repeated operation occurring within an analytical procedure. Two or more analyses
for the same constituent in an extract of a single sample constitute replicate extract analyses.

Surrogate standard—a pure compound added to a sample in the laboratory just before
processing so that the overall efficiency of a method can be determined.

Type | error—also called alpha error, is the probability of deciding a constituent is present when
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it actually is absent.
Type Il error—also called beta error, is the probability of not detecting a constituent when it
actually is present.

1020 QUALITY ASSURANCE

1020 A. Introduction

This section applies primarily to chemical analyses. See Section 9020 for quality assurance
and control for microbiological analyses.

Quality assurance (QA) is the definitive program for laboratory operation that specifies the
measures required to produce defensible data of known precision and accuracy. This program
will be defined in a documented laboratory quality system.

The laboratory quality system will consist of a QA manual, written procedures, work
instructions, and records. The manual should include a quality policy that defines the statistical
level of confidence used to express the precision and bias of data, as well as the method
detection limits. Quality systems, which include QA policies and all quality control (QC)
processes, must be in place to document and ensure the quality of analytical data produced by
the laboratory and to demonstrate the competence of the laboratory. Quality systems are essential
for any laboratory seeking accreditation under state or federal laboratory certification programs.
Included in quality assurance are quality control (Section 1020B) and quality assessment
(Section 1020C). See Section 1030 for evaluation of data quality.

1. Quality Assurance Planning

Establish a QA program and prepare a QA manual or plan. Include in the QA manual and
associated documents the following itemsl-4: cover sheet with approval signatures; quality
policy statement; organizational structure; staff responsibilities; analyst training and performance
requirements; tests performed by the laboratory; procedures for handling and receiving samples;
sample control and documentation procedures; procedures for achieving traceability of
measurements; major equipment, instrumentation, and reference measurement standards used,;
standard operating procedures (SOPs) for each analytical method; procedures for generation,
approval, and control of policies and procedures; procedures for procurement of reference
materials and supplies; procedures for procurement of subcontractors’ services; internal quality
control activities; procedures for calibration, verification, and maintenance of instrumentation
and equipment; data-verification practices including interlaboratory comparison and
proficiency-testing programs; procedures to be followed for feedback and corrective action
whenever testing discrepancies are detected; procedures for exceptions that permit departure
from documented policies; procedures for system and performance audits and reviews;
procedures for assessing data precision and accuracy and determining method detection limits;
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procedures for data reduction, validation, and reporting; procedures for records archiving;
procedures and systems for control of the testing environment; and procedures for dealing with
complaints from users of the data. Also define and include the responsibility for, and frequency
of, management review and updates to the QA manual and associated documents.

On the title page, include approval signatures and a statement that the manual has been
reviewed and determined to be appropriate for the scope, volume, and range of testing activities
at the laboratory,* as well as an indication that management has made a commitment to assure
that the quality systems defined in the QA manual are implemented and followed at all times.

In the QA manual, clearly specify and document the managerial responsibility, authority,
quality goals, objectives, and commitment to quality. Write the manual so that it is clearly
understood and ensures that all laboratory personnel understand their roles and responsibilities.

Implement and follow chain-of-custody procedures to ensure that chain of custody is
maintained and documented for each sample. Institute procedures to permit tracing a sample and
its derivatives through all steps from collection through analysis to reporting final results to the
laboratory’s client and disposal of the sample. Routinely practice adequate and complete
documentation, which is critical to assure data defensibility and to meet laboratory
accreditation/certification requirements, and ensure full traceability for all tests and samples.

Standard operating procedures (SOPs) describe the analytical methods to be used in the
laboratory in sufficient detail that a competent analyst unfamiliar with the method can conduct a
reliable review and/or obtain acceptable results. Include in SOPs, where applicable, the

following items2-2: title of referenced, consensus test method; sample matrix or matrices; method
detection level (MDL); scope and application; summary of SOP; definitions; interferences;
safety considerations; waste management; apparatus, equipment, and supplies; reagents and
standards; sample collection, preservation, shipment, and storage requirements; specific quality
control practices, frequency, acceptance criteria, and required corrective action if acceptance
criteria are not met; calibration and standardization; details on the actual test procedure,
including sample preparation; calculations; qualifications and performance requirements for
analysts (including number and type of analyses); data assessment/data management; references;
and any tables, flowcharts, and validation or method performance data. At a minimum, validate a
new SOP before use by first determining the MDL and performing an initial demonstration of
capability using relevant regulatory guidelines.

Use and document preventive maintenance procedures for instrumentation and equipment.
An effective preventive maintenance program will reduce instrument malfunctions, maintain
more consistent calibration, be cost-effective, and reduce downtime. Include measurement
traceability to National Institute of Standards and Technology (NIST) Standard Reference
Materials (SRMs) or commercially available reference materials certified traceable to NIST
SRMs in the QA manual or SOP to establish integrity of the laboratory calibration and
measurement program. Formulate document-control procedures, which are essential to data
defensibility, to cover the complete process of document generation, approval, distribution,
storage, recall, archiving, and disposal. Maintain logbooks for each test or procedure performed
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with complete documentation on preparation and analysis of each sample, including sample
identification, associated standards and QC samples, method reference, date/time of
preparation/analysis, analyst, weights and volumes used, results obtained, and any problems
encountered. Keep logbooks that document maintenance and calibration for each instrument or
piece of equipment. Calibration procedures, corrective actions, internal quality control activities,
performance audits, and data assessments for precision and accuracy (bias) are discussed in
Section 1020B and Section 1020C.

Data reduction, validation, and reporting are the final steps in the data-generation process.
The data obtained from an analytical instrument must first be subjected to the data reduction
processes described in the applicable SOP before the final result can be obtained. Specify
calculations and any correction factors, as well as the steps to be followed in generating the
sample result, in the QA manual or SOP. Also specify all of the data validation steps to be
followed before the final result is made available. Report results in standard units of mass,
volume, or concentration as specified in the method or SOP. Report results below the MDL in
accordance with the procedure prescribed in the SOP. Ideally, include a statement of uncertainty
with each result. See references and bibliography for other useful information and guidance on
establishing a QA program and developing an effective QA manual.
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1020 B. Quality Control

Include in each analytical method or SOP the minimum required QC for each analysis. A
good quality control program consists of at least the following elements, as applicable: initial
demonstration of capability, ongoing demonstration of capability, method detection limit
determination, reagent blank (also referred to as method blank), laboratory-fortified blank (also
referred to as blank spike), laboratory-fortified matrix (also referred to as matrix spike),
laboratory-fortified matrix duplicate (also referred to as matrix spike duplicate) or duplicate
sample, internal standard, surrogate standard (for organic analysis) or tracer (for radiochemistry),
calibration, control charts, and corrective action, frequency of QC indicators, QC acceptance
criteria, and definitions of a batch. Section 1010 and Section 1030 describe calculations for
evaluating data quality.

1. Initial Demonstration of Capability

The laboratory should conduct an initial demonstration of capability (IDC) at least once, by
each analyst, before analysis of any sample, to demonstrate proficiency to perform the method
and obtain acceptable results for each analyte. The IDC also is used to demonstrate that
modifications to the method by the laboratory will produce results as precise and accurate as
results produced by the reference method. As a minimum, include a reagent blank and at least
four laboratory-fortified blanks (LFBs) at a concentration between 10 times the method detection
level (MDL) and the midpoint of the calibration curve or other level as specified in the method.
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Run the IDC after analyzing all required calibration standards. Ensure that the reagent blank
does not contain any analyte of interest at a concentration greater than half the MQL or other
level as specified in the method. See Section 1010C, for definition of MQL. Ensure that
precision and accuracy (percent recovery) calculated for the LFBs are within the acceptance
criteria listed in the method of choice. If no acceptance criteria are provided, use 80 to 120%
recovery and <20% relative standard deviation (RSD), as a starting point. If details of initial
demonstration of capability are not provided in the method of choice, specify and reference the
method or procedure used for demonstrating capability.

2. Ongoing Demonstration of Capability

The ongoing demonstration of capability, sometimes referred to as a “*laboratory control
sample or laboratory control standard,”” “*quality control check sample,”” or
“‘laboratory-fortified blank,”” is used to ensure that the laboratory remains in control during the
period when samples are analyzed, and separates laboratory performance from method
performance on the sample matrix. See 1 5 below for further details on the laboratory-fortified
blank. Preferably obtain this sample from an external source (not the same stock as the
calibration standards). Analyze QC check samples on a quarterly basis, at a minimum.

3. Method Detection Level Determination and Application

Determine the method detection level (MDL) for each analyte of interest and method to be
used before data from any samples are reported, using the procedure described in Section 1030C.
As a starting point for determining the concentration to use in MDL determination, use an
estimate of five times the estimated detection limit. Perform MDL determinations as an iterative
process. If calculated MDL is not within a factor of 10 of the value for the known addition, repeat
determinations at a more suitable concentration. Conduct MDL determinations at least annually
(or other specified frequency) for each analyte and method in use at the laboratory. Perform or
verify MDL determination for each instrument. Perform MDL determinations over a period of at
least 3 d for each part of the procedure. Calculate recoveries for MDL samples. Recoveries
should be between 50 and 150% and %RSD values < 20% or repeat the MDL determination.
Maintain MDL and IDC data and have them available for inspection.

Apply the MDL to reporting sample results as follows:
* Report results below the MDL as “‘not detected.’’
 Report results between the MDL and MQL with qualification for quantitation.

* Report results above the MQL with a value and its associated error.

4. Reagent Blank

A reagent blank or method blank consists of reagent water (See Section 1080) and all
reagents that normally are in contact with a sample during the entire analytical procedure. The
reagent blank is used to determine the contribution of the reagents and the preparative analytical
steps to error in the measurement. As a minimum, include one reagent blank with each sample
set (batch) or on a 5% basis, whichever is more frequent. Analyze a blank after the daily
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calibration standard and after highly contaminated samples if carryover is suspected. Evaluate
reagent blank results for the presence of contamination. If unacceptable contamination is present
in the reagent blank, identify and eliminate source of contamination. Typically, sample results
are suspect if analyte(s) in the reagent blank are greater than the MQL. Samples analyzed with
an associated contaminated blank must be re-prepared and re-analyzed. Refer to the method of
choice for specific acceptance criteria for the reagent blank. Guidelines for qualifying sample
results with consideration to reagent blank results are as follows:

* If the reagent blank is less than the MDL and sample results are greater than the MQL, then no
qualification is required.

* If the reagent blank is greater than the MDL but less than the MQL and sample results are
greater than the MQL, then qualify the results to indicate that analyte was detected in the
reagent blank.

« If the reagent blank is greater than the MQL, further corrective action and qualification is
required.

5. Laboratory-Fortified Blank

A laboratory-fortified blank is a reagent water sample to which a known concentration of the
analytes of interest has been added. A LFB is used to evaluate laboratory performance and
analyte recovery in a blank matrix. As a minimum, include one LFB with each sample set
(batch) or on a 5% basis, whichever is more frequent. The definition of a batch is typically
method-specific. Process the LFB through all of the sample preparation and analysis steps. Use
an added concentration of at least 10 times the MDL, the midpoint of the calibration curve, or
other level as specified in the method. Prepare the addition solution from a different reference
source than that used for calibration. Evaluate the LFB for percent recovery of the added
analytes. If LFB results are out of control, take corrective action, including re-preparation and
re-analysis of associated samples if required. Use the results obtained for the LFB to evaluate
batch performance, calculate recovery limits, and plot control charts (see 12 below). Refer to
the method of choice for specific acceptance criteria for the LFB.

6. Laboratory-Fortified Matrix

A laboratory-fortified matrix (LFM) is an additional portion of a sample to which known
amounts of the analytes of interest are added before sample preparation. The LFM is used to
evaluate analyte recovery in a sample matrix. As a minimum, include one LFM with each sample
set (batch) or on a 5% basis, whichever is more frequent. Add a concentration of at least 10 times
the MRL, the midpoint of the calibration curve, or other level as specified in the method to the
selected sample(s). Preferably use the same concentration as for the LFB to allow the analyst to
separate the effect of matrix from laboratory performance. Prepare the LFM from a reference
source different from that used for calibration. Make the addition such that sample background
levels do not adversely affect the recovery (preferably adjust LFM concentrations if the known
sample is above five times the background level). For example, if the sample contains the analyte
of interest, make the LFM sample at a concentration equivalent to the concentration found in the
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known sample. Evaluate the results obtained for LFMs for accuracy or percent recovery. If LFM
results are out of control, take corrective action to rectify the effect or use another method or the
method of standard addition. Refer to the method of choice for specific acceptance criteria for
LFMs until the laboratory develops statistically valid, laboratory-specific performance criteria.
Base sample batch acceptance on results of LFB analyses rather than LFMs alone, because the
matrix of the LFM sample may interfere with the method performance.

7. Laboratory-Fortified Matrix Duplicate/Duplicate Sample

A LFM duplicate is a second portion of the sample described in { 6 above to which a known
amount of the analyte of interest is added before sample preparation. If sufficient sample volume
is collected, this second portion of sample is added and processed in the same way as the LFM.
If sufficient sample volume is not collected to analyze a LFM duplicate, use an additional
portion of an alternate sample to obtain results for a duplicate sample to gather data on precision.
As a minimum, include one LFM duplicate or one duplicate sample with each sample set (batch)
or on a 5% basis, whichever is more frequent. Evaluate the results obtained for LFM duplicates
for precision and accuracy (precision alone for duplicate samples). If LFM duplicate results are
out of control, take corrective action to rectify the effect or use another method or the method of
standard addition. If duplicate results are out of control, reprepare and reanalyze the sample and
take additional corrective action as needed (such as reanalysis of sample batch). Refer to the
method of choice for specific acceptance criteria for LFM duplicates or duplicate samples until
the laboratory develops statistically valid, laboratory-specific performance criteria. If no limits
are included in the method of choice, calculate preliminary limits from initial demonstration of
capability. Base sample batch acceptance on results of LFB analyses rather than LFM duplicates
alone, because the matrix of the LFM sample may interfere with the method performance.

8. Internal Standard

Internal standards (1S) are used for organic analyses by GC/MS, some GC analyses, and
some metals analyses by ICP/MS. An internal standard is an analyte included in each standard
and added to each sample or sample extract/digestate just before sample analysis. Internal
standards should mimic the analytes of interest but not interfere with the analysis. Choose an
internal standard having retention time or mass spectrum separate from the analytes of interest
and eluting in a representative area of the chromatogram. Internal standards are used to monitor
retention time, calculate relative response, and quantify the analytes of interest in each sample or
sample extract/digestate. When quantifying by the internal standard method, measure all analyte
responses relative to this internal standard, unless interference is suspected. If internal standard
results are out of control, take corrective action, including reanalysis if required. Refer to the
method of choice for specific internal standards and their acceptance criteria.

9. Surrogates and Tracers
Surrogates are used for organic analyses; tracers are used for radiochemistry analyses.
Surrogates and tracers are used to evaluate method performance in each sample. A surrogate
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standard is a compound of a known amount added to each sample before extraction. Surrogates
mimic the analytes of interest and are compound(s) unlikely to be found in environmental
samples, such as fluorinated compounds or stable, isotopically labeled analogs of the analytes of
interest. Tracers are a different isotope of the analyte or element of interest. Surrogates and
tracers are introduced to samples before extraction to monitor extraction efficiency and percent
recovery in each sample. If surrogate or tracer results are out of control, take corrective action,
including repreparation and reanalysis if required. Refer to the method of choice for specific
surrogates or tracers and their acceptance criteria, until the laboratory develops statistically valid,
laboratory-specific performance criteria.

10. Calibration

a. Instrument calibration: Perform instrument calibration, as well as maintenance, according
to instrument manual instructions. Use instrument manufacturer’s recommendations for
calibration. Perform instrument performance checks, such as those for GC/MS analyses,
according to method or SOP instructions.

b. Initial calibration: Perform initial calibration with a minimum of three concentrations of
standards for linear curves, a minimum of five concentrations of standards for nonlinear curves,
or as specified by the method of choice. Choose a lowest concentration at the reporting limit, and
highest concentration at the upper end of the calibration range. Ensure that the calibration range
encompasses the analytical concentration values expected in the samples or required dilutions.
Choose calibration standard concentrations with no more than one order of magnitude between
concentrations.

Use the following calibration functions as appropriate: response factor for internal standard
calibration, calibration factor for external standard calibration, or calibration curve. Calibration
curves may be linear through the origin, linear not through the origin, or nonlinear through or not
through the origin. Some nonlinear functions can be linearized through mathematical
transformations, e.g., log. The following acceptance criteria are recommended for the various
calibration functions.

If response factors or calibration factors are used, the calculated %RSD for each analyte of
interest must be less than the method-specified value. When using response factors (e.g., for
GC/MS analysis), evaluate the performance or sensitivity of the instrument for the analyte of
interest against minimum acceptance values for the response factors. Refer to the method of
choice for the calibration procedure and acceptance criteria on the response factors or calibration
factors for each analyte.

If linear regression is used, use the minimum correlation coefficient specified in the method.
If the minimum correlation coefficient is not specified, then a minimum value of 0.995 is
recommended. Compare each calibration point to the curve and recalculate. If any recalculated
values are not within the method acceptance criteria, identify the source of outlier(s) and correct
before sample quantitation. Alternately, a method’s calibration can be judged against a reference
method by measuring the method’s ““calibration linearity’” or %RSD among the “‘response
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factors’” at each calibration level or concentration.?

Use initial calibration, with any of the above functions (response factor, calibration factor, or
calibration curve), for quantitation of the analytes of interest in samples. Use calibration
verification, described in the next section, only for checks on the initial calibration and not for
sample quantitation, unless otherwise specified by the method of choice. Perform initial
calibration when the instrument is set up and whenever the calibration verification criteria are
not met.

c. Calibration verification: Calibration verification is the periodic confirmation by analysis
of a calibration standard that the instrument performance has not changed significantly from the
initial calibration. Base this verification on time (e.g., every 12 h) or on the number of samples
analyzed (e.g., after every 10 samples). Verify calibration by analyzing a single standard at a
concentration near or at the midpoint of the calibration range. The evaluation of the calibration
verification analysis is based either on allowable deviations from the values obtained in the
initial calibration or from specific points on the calibration curve. If the calibration verification is
out of control, take corrective action, including reanalysis of any affected samples. Refer to the
method of choice for the frequency of calibration verification and the acceptance criteria for
calibration verification.

11. QC Calculations
The following is a compilation of equations frequently used in QC calculations.
a. Initial calibrations:
Relative response factor (RRF):

i A, C.,
RRF(x) = — X —
Ay G
where:
RRF = relative response factor,
A = peak area or height of characteristic ion measured,
C = concentration,
iIs = internal standard, and
X = analyte of interest.

Response factor (RF):

A,
RF() = =
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where:
RF = response factor,
A = peak area or height,
C = concentration, and
x = analyte of interest.

Calibration factor (CF):

CF — peak area (or height) of standards
' mass injected

Relative standard deviation (%RSD):

% RSD = - » 100%

§
X

where:
s = standard deviation,
n = total number of values,
x; = each individual value used to calculate mean, and

|
X = mean of n values.

b. Calibration verification:
% Difference (%D) for response factor:

_ RF, — RF,

% D = x 100%

i

where:
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RF; = average RF or RRF from initial calibration, and
RF,. = relative RF or RRF from calibration verification standard.

% Difference (%D) for values:

true value — found value
WD = #1004
¢ true value

% Recovery:

found value
% Recovery = ——-——IH—- * 100%
! true value

c. Laboratory-fortified blank (laboratory control sample):

found val
% Recovery = —T}E—-}-J:;—E # 100%
rue value

d. Surrogates:

uantity measured
% Recovery = d }r ek * 100%
quantity added

e. Laboratory-fortified matrix (LFM) sample (matrix spike sample):

(LFM sample result — sample result)

% Recovery = . w100
’ Y known LFM added concentration ’
f. Duplicate sample:
Relative percent difference (RPD):
sample result — duplicate result]
RPD = APl : ) 100%

_ (sample result + duplicate result)/2

g. Method of standards addition:
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S, XV, x C
{51 - 5'-) x v}.

Sample concentrations X mg/lL. =

where:
C = concentration of the standard solution, mg/L,
S, = signal for fortified portion,

S, = signal for unfortified portion,
V, = volume of standard addition, L, and
V, = volume of sample portion used for method of standard addition, L.

12. Control Charts

Two types of control charts commonly used in laboratories are as follows: accuracy or
means charts for QC samples, including reagent blanks, laboratory control standards, calibration
check standards, laboratory fortified blanks, laboratory fortified matrices, and surrogates; and
precision or range charts, %RSD or relative percent difference (RPD), for replicate or duplicate
analyses. These charts are essential tools for quality control. Computer-generated and maintained
lists or databases with values, limits, and trending may be used as an alternate to control charts.

a. Accuracy (means) chart: The accuracy chart for QC samples is constructed from the
average and standard deviation of a specified number of measurements of the analyte of interest.
The accuracy chart includes upper and lower warning levels (WL) and upper and lower control
levels (CL). Common practice is to use +2s and +3s limits for the WL and CL, respectively,
where s represents standard deviation. These values are derived from stated or measured values
for reference materials. The number of measurements, n or n-1, used to determine the standard
deviation, s, is specified relative to statistical confidence limits of 95% for WLs and 99% for
CLs. Set up an accuracy chart by using either the calculated values for mean and standard
deviation or the percent recovery. Percent recovery is necessary if the concentration varies.
Construct a chart for each analytical method. Enter results on the chart each time the QC sample
is analyzed. Examples of control charts for accuracy are given in Figure 1020:1.

b. Precision (range) chart: The precision chart also is constructed from the average and
standard deviation of a specified number of measurements of the analyte of interest. If the
standard deviation of the method is known, use the factors from Table 1020:1 to construct the
central line and warning and control limits as in Figure 1020:2. Perfect agreement between
replicates or duplicates results in a difference of zero when the values are subtracted, so the
baseline on the chart is zero. Therefore for precision charts, only upper warning limits and upper
control limits are meaningful. The standard deviation is converted to the range so that the analyst
need only subtract the two results to plot the value on the precision chart. The mean range is
computed as:
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R = D.s
the control limit as

CL = R + 3s(R) = D,R

and the warning limit as

WL =R = 25(R) = R = 2/3(D, R — R)

where:
D, = factor to convert s to the range (1.128 for duplicates, as given in Table 1020:1),
s(R) = standard deviation of the range, and
D, = factor to convert mean range to 3s(R) (3.267 for duplicates, as given in Table

1020:1).

A precision chart is rather simple when duplicate analyses of a standard are used (Figure
1020:2). For duplicate analyses of samples, the plot will appear different because of the variation
in sample concentration. If a constant relative standard deviation in the concentration range of
interest is assumed, then R, D4R etc., may be computed as above for several concentrations, a
smooth curve drawn through the points obtained, and an acceptable range for duplicates
determined. Figure 1020:3 illustrates such a chart. A separate table, as suggested below the
figure, will be needed to track precision over time.

More commonly, the range can be expressed as a function of the relative standard deviation
(coefficient of variation). The range can be normalized by dividing by the average. Determine
the mean range for the pairs analyzed by

R = (ZR)Mm
and the variance (square of the standard deviation) as

s = (ZR? — ra‘fc"");’[’n -1
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Then draw lines on the chart at R + 2s; and R + 3sp and, for each duplicate analysis,

calculate normalized range and enter the result on the chart. Figure 1020:4 is an example of such
a chart.

c. Chart analyses: If the warning limits (WL) are at the 95% confidence level, 1 out of 20
points, on the average, would exceed that limit, whereas only 1 out of 100 would exceed the
control limits (CL). Use the following guidelines, based on these statistical parameters, which
are illustrated in Figure 1020:5 :

Control limit—If one measurement exceeds a CL, repeat the analysis immediately. If the
repeat measurement is within the CL, continue analyses; if it exceeds the CL, discontinue
analyses and correct the problem.

Warning limit—If two out of three successive points exceed a WL, analyze another sample.
If the next point is within the WL, continue analyses; if the next point exceeds the WL, evaluate
potential bias and correct the problem.

Standard deviation—If four out of five successive points exceed 1s, or are in decreasing or
increasing order, analyze another sample. If the next point is less than 1s, or changes the order,
continue analyses; otherwise, discontinue analyses and correct the problem.

Trending—If seven successive samples are on the same side of the central line, discontinue
analyses and correct the problem.

The above considerations apply when the conditions are either above or below the central
line, but not on both sides, e.g., four of five values must exceed either +1s or —1s. After
correcting the problem, reanalyze the samples analyzed between the last in-control measurement
and the out-of-control one.

Another important function of the control chart is assessment of improvements in method
precision. In the accuracy and precision charts, if measurements never or rarely exceed the WL,
recalculate the WL and CL using the 10 to 20 most recent data points. Trends in precision can be
detected sooner if running averages of 10 to 20 are kept. Trends indicate systematic error;
random error is revealed when measurements randomly exceed warning or control limits.

13. QC Evaluation for Small Sample Sizes

Small sample sizes, such as for field blanks and duplicate samples, may not be suitable for
QC evaluation with control charts. QC evaluation techniques for small sample sizes are
discussed elsewhere.3

14. Corrective Action

Quiality control data outside the acceptance limits or exhibiting a trend are evidence of
unacceptable error in the analytical process. Take corrective action promptly to determine and
eliminate the source of the error. Do not report data until the cause of the problem is identified
and either corrected or qualified. Example data qualifiers are listed in Table 1020:11. Qualifying
data does not eliminate the need to take corrective actions, but allows for the reporting of data of
known quality when it is either not possible or practical to reanalyze the sample(s). Maintain
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records of all out-of-control events, determined causes, and corrective action taken. The goal of
corrective action is not only to eliminate such events, but also to reduce repetition of the causes.

Corrective action begins with the analyst, who is responsible for knowing when the
analytical process is out of control. The analyst should initiate corrective action when a QC
check exceeds the acceptance limits or exhibits trending and should report an out-of-control
event to the supervisor. Such events include QC outliers, hold-time failures, loss of sample,
equipment malfunctions, and evidence of sample contamination. Recommended corrective
action to be used when QC data are unacceptable are as follows:

» Check data for calculation or transcription error. Correct results if error occurred.

» Check to see if sample(s) was prepared and analyzed according to the approved method and
SOP. If it was not, prepare and/or analyze again.

» Check calibration standards against an independent standard or reference material. If
calibration standards fail, reprepare calibration standards and/or recalibrate instrument and
reanalyze affected sample(s).

« If a LFB fails, reanalyze another laboratory-fortified blank.

« If a second LFB fails, check an independent reference material. If the second source is
acceptable, reprepare and reanalyze affected sample(s).

 If a LFM fails, check LFB. If the LFB is acceptable, qualify the data for the LFM sample or
use another method or the method of standard addition.

 If a LFM and the associated LFB fail, reprepare and reanalyze affected samples.

* If reagent blank fails, analyze another reagent blank.

* If second reagent blank fails, reprepare and reanalyze affected sample(s).

« If the surrogate or internal standard known addition fails and there are no calculation or
reporting errors, reprepare and reanalyze affected sample(s).

If data qualifiers are used to qualify samples not meeting QC requirements, the data may or
may not be usable for the intended purposes. It is the responsibility of the laboratory to provide
the client or end-user of the data with sufficient information to determine the usability of
qualified data.

15. References
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1020 C. Quality Assessment

Quality assessment is the process used to ensure that quality control measures are being
performed as required and to determine the quality of the data produced by the laboratory. It
includes such items as proficiency samples, laboratory intercomparison samples, and
performance audits. These are applied to test the precision, accuracy, and detection limits of the
methods in use, and to assess adherence to standard operating procedure requirements.

1. Laboratory Check Samples (Internal Proficiency)

The laboratory should perform self-evaluation of its proficiency for each analyte and method
in use by periodically analyzing laboratory check samples. Check samples with known amounts
of the analytes of interest supplied by an outside organization or blind additions can be prepared
independently within the laboratory to determine percent recovery of the analytes of interest by
each method.

In general, method performance will have been established beforehand; acceptable percent
recovery consists of values that fall within the established acceptance range. For example, if the
acceptable range of recovery for a substance is 85 to 115%, then the analyst is expected to
achieve a recovery within that range on all laboratory check samples and to take corrective
action if results are outside of the acceptance range.

2. Laboratory Intercomparison Samples

A good quality assessment program requires participation in periodic laboratory
intercomparison studies. Commercial and some governmental programs supply laboratory
intercomparison samples containing one or multiple constituents in various matrices. The
frequency of participation in intercomparison studies should be adjusted relative to the quality of
results produced by the analysts. For routine procedures, semi-annual analyses are customary. If
failures occur, take corrective action and analyze laboratory check samples more frequently until
acceptable performance is achieved.

3. Compliance Audits

Compliance audits are conducted to evaluate whether the laboratory meets the applicable
requirements of the SOP or consensus method claimed as followed by the laboratory.
Compliance audits can be conducted by internal or external parties. A checklist can be used to
document the manner in which a sample is treated from time of receipt to final reporting of the
result. The goal of compliance audits is to detect any deviations from the SOP or consensus
method so that corrective action can be taken on those deviations. An example format for a
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checklist is shown in Table 1020:111.

4. Laboratory Quality Systems Audits

A quality systems audit program is designed and conducted to address all program elements
and provide a review of the quality system. Quality systems audits should be conducted by a
qualified auditor(s) who is knowledgeable about the section or analysis being audited. Audit all
major elements of the quality system at least annually. Quality system audits may be conducted
internally or externally; both types should occur on a regular scheduled basis and should be
handled properly to protect confidentiality. Internal audits are used for self-evaluation and
improvement. External audits are used for accreditation as well as education on client
requirements and for approval of the end use of the data. Corrective action should be taken on all
audit findings and its effectiveness reviewed at or before the next scheduled audit.

5. Management Review

Review and revision of the quality system, conducted by laboratory management, is vital to
its maintenance and effectiveness. Management review should assess the effectiveness of the
quality system and corrective action implementation, and should include internal and external
audit results, performance evaluation sample results, input from end user complaints, and
corrective actions.
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1030 DATA QUALITY

1030 A. Introduction

The role of the analytical laboratory is to produce measurement-based information that is
technically valid, legally defensible, and of known quality. Quality assurance is aimed at
optimizing the reliability of the measurement process. All measurements contain error, which
may be systematic (with an unvarying magnitude) or random (with equal probability of being
positive or negative and varying in magnitude). Determination of the systematic and random
error components of an analytical method uniquely defines the analytical performance of that
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method.! Quality control (QC) procedures identify and control these sources of error.

1. Measures of Quality Control

Random error (precision) and systematic error (bias) are two routine indicators of
measurement quality used by analysts to assess validity of the analytical process. Precision is the
closeness of agreement between repeated measurements. A measurement has acceptable
precision if the random errors are low. Accuracy is the closeness of a measurement to the true
value. A measurement is acceptably accurate when both the systematic and random errors are
low. QC results outside the acceptance limits, as set by the data quality objectives, are evidence
of an analytical process that may be out of control due to determinant errors such as
contaminated reagents or degraded standards.

2. Measurement Error and Data Use

Measurement error, whether random or systematic, reduces the usability of laboratory data.
As a measured value decreases, its relative error (e.g., relative standard deviation) may increase
and its usable information decrease. Reporting tools, such as detection or quantitation limits,
frequently are used to establish a lower limit on usable information content.

Laboratory data may be used for such purposes as regulatory monitoring, environmental
decision-making, and process control. The procedures used to extract information for these
different purposes vary and may be diametrically opposed. For example, a measurement for
regulatory monitoring may be appropriately qualified when below the detection level because the
error bar is relatively large and may preclude a statistically sound decision. Data collected over a
period of time, however, may be treated by statistical methods to provide a statistically sound
decision even when many of the data are below detection levels.?

3. The Analyst's Responsibility

The analyst must understand the measures of quality control and how to apply them to the
data quality objectives of process control, regulatory monitoring, and environmental field
studies. It is important that the quality objectives for the data be clearly defined and detailed
before sample analysis so that the data will be technically correct and legally defensible.

4. Reference
1. YOUDEN, W.J. 1975. Statistical Manual of the Association of Official Analytical
Chemists. Assoc. Official Analytical Chemists, Arlington, Va.

2. OSBORN, K.E. 1995. You Can’t Compute with Less Thans. Water Environment
Laboratory Solutions, Water Environment Federation, Alexandria, Va.

1030 B. Measurement Uncertainty
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1. Introduction

Even with the fullest possible extent of correction, every measurement has error that is
ultimately unknown and unknowable. The description of this unknown error is ““measurement
uncertainty.”’

Reporting uncertainty along with a measurement result is good practice, and may spare the
user from making unwarranted or risky decisions based only on the measurement.

Whereas measurement error (E) is the actual, unknown deviation of the measurement (M)
from the unknown true value (T), measurement uncertainty (U) is the state of knowledge about
this unknown deviation, and is often expressed as U, as in M + U. U may be defined as an
uncertainty expression.12 This section concerns the definition of U, how to compute it, a
recommendation for reporting uncertainty, the interpretation and scope of uncertainty, and other
ways of expressing measurement uncertainty.

2. Error
A measurement can be related to the unknown true value and unknown measurement error
as follows:

M=T+E

This is a simple additive relationship. There are other plausible relationships between M and
E, such as multiplicative or arbitrary functional relationships, which are not discussed here.

Because E is unknown, M must be regarded as an uncertain measurement. In some practical
situations, a value may be treated as known. T * may be, for example, a published reference
value, a traceable value, or a consensus value. The purpose of the substitution may be for
convenience or because the measurement process that produced T * has less bias or variation
than the one that produced M. For example, based on the average of many measurements, a
vessel might be thought to contain T * =50 ug/ L of salt in water. It then may be sampled and
routinely measured, resulting in a reported concentration of M = 51 pg/L. The actual
concentration may be T =49.9 ug/L, resulting in E =51 —49.9 = 1.1 ng/L.

To generalize the nature of uncertainty, measurement error may be negligible or large in
absolute terms (i.e., in the original units) or relative terms (i.e., unitless, E+T or T *). The
perceived acceptability of the magnitude of an absolute error depends on its intended use. For
example, an absolute error of 1.1 ng/L may be inconsequential for an application where any
concentration over 30 pg/L will be sufficient. However, if it is to be used instead as a standard
for precision measurement (e.g., of pharmaceutical ingredients), 1.1 ng/L too much could be
unacceptable.

3. Uncertainty
Reported measurement uncertainty will contain the actual measurement error with a stated
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level of confidence. For example, if M = U is presented as a 95% confidence interval,
approximately 95% of the time, the measurement error E will fall within the range of £U.

4. Bias

Bias is the systematic component of error. It is defined as the signed deviation between the
limiting average measured value and the true value being measured as the number of
measurements in the average tends to infinity and the uncertainty about the average tends to
zero. For example, the reason the T =49.9 ug/L salt solution is thought to be T * = 50 pg/L
could be a bias, B =0.1 ug/L. The “‘leftover’” error, 1.1 — 0.1 = 1.0 pg/L, is the random
component. This random component (also called stochastic error) changes with each
measurement. The bias is fixed, and may be related to the laboratory method used to produce T
* Usually, a recognized method will be used to produce or certify the traceable standard, a
sample with a certificate stating the accepted true value T .* The method may be the best method
available or simply the most widely accepted method. It is chosen to have very low error, both
bias and random. Such a traceable standard may be purchased from a standards organization
such as NIST.

5. Bias and Random Variation
Measurement error, E, (and measurement uncertainty) can be split into two components,
random and systematic:

E=Z+B

Random error, Z, is the component of the measurement error that changes from one
measurement to the next, under certain conditions. Random measurement errors are assumed to
be independent and have a distribution, often assumed to be Gaussian (i.e., they are normally
distributed). The normal distribution of Z is characterized by the distribution mean, p, and
standard deviation, og. In discussion of measurement error distribution, u is assumed to be zero

because any non-zero component is part of bias, by definition. The population standard
deviation, o, can be used to characterize the random component of measurement error because

the critical values of the normal distribution are well known and widely available. For example,
about 95% of the normal distribution lies within the interval u + 2c¢. Hence, if there is no

measurement bias, and measurement errors are independent and normally distributed, M + 26

(95% confidence, assumed normal) is a suitable way to report a measurement and its uncertainty.
More generally, normal probability tables and statistical software give the proportion of the
normal distribution and thus the % confidence gained that is contained within ko for any value

of scalar k.

Usually, however, the population standard deviation, o, is not known and must be estimated
by the sample standard deviation, sg. This estimate of the standard deviation is based on multiple
observations and statistical estimation. In this case, the choice of the scalar k must be based not
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on the normal distribution function, but on the Student’s t distribution, taking into account the
number of degrees of freedom associated with sg.

Systematic error (B) is all error that is not random, and typically is equated with bias.
Systematic error also can contain outright mistakes (blunders) and lack of control (drifts,
fluctuations, etc.).3 In this manual, the terms ““systematic error’” and *‘bias’” are used
interchangeably.

Systematic uncertainty often is more difficult to estimate and make useful than is random
uncertainty. Knowledge about bias is likely to be hard to obtain, and once obtained it is
appropriately and likely to be exploited to make the measurement less biased. If measurement
bias is known exactly (or nearly so), the user can subtract it from M to reduce total measurement
error.

If measurement bias is entirely unknown, and could take on any value from a wide but
unknown distribution of plausible values, users may adopt a worst-case approach and report an
extreme bound, or they may simply ignore the bias altogether. For example, historical data may
indicate that significant interlaboratory biases are present, or that every time a measurement
system is cleaned, a shift is observed in QC measurements of standards. In the absence of
traceable standards, it is hard for laboratory management or analysts to do anything other than
ignore the potential problem.

The recommended practice is to conduct routine QA/QC measurements with a suite of
internal standards. Plot measurements on control charts, and when an out-of-control condition is
encountered, recalibrate the system with traceable standards. This permits the laboratory to
publish a boundary on bias, assuming that the underlying behavior of the measurement system is
somewhat predictable and acceptably small in scale in between QA/QC sampling (e.g., slow
drifts and small shifts).

6. Repeatability, Reproducibility, and Sources of Bias and Variation

a. Sources and measurement: The sources of bias and variability in measurements are many;
they include sampling error, sample preparation, interference by matrix or other measurement
quantities/qualities, calibration error variation, software errors, counting statistics, deviations
from method by analyst, instrument differences (e.g., chamber volume, voltage level),
environmental changes (temperature, humidity, ambient light, etc.), contamination of sample or
equipment (e.g., carryover and ambient contamination), variations in purity of solvent, reagent,
catalyst, etc., stability and age of sample, analyte, or matrix, and warm-up or cool-down effects,
or a tendency to drift over time.

The simplest strategy for estimating typical measurement bias is to measure a traceable
(known) standard, then compute the difference between the measured value M and the known
value T, assumed to be the true value being measured.

M-T=B+Z

The uncertainty in the measurement of the traceable standard is assumed to be small,
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although in practice there may be situations where this is not an appropriate assumption. If
random measurement uncertainty is negligible (i.e., Z = 0), the difference, M — T , will provide
an estimate of bias (B). If random uncertainty is not negligible, it can be observed and quantified
by making a measurement repeatedly on the same test specimen (if the measurement process is
not destructive). This may be part of a QA/QC procedure.

b. Repeatability: As quantified by the repeatability standard deviation (cgpT), repeatability

is the minimal variability of a measurement system obtained by repeatedly measuring the same
specimen while allowing no controllable sources of variability to affect the measurement.
Repeatability also can be obtained by pooling sample standard deviations of measurements of J
different specimens, as follows:

Repeatability also is called *“intrinsic measurement variability,”” and is considered an
approximate lower boundary to the measurement standard deviation that will be experienced in
practice. The repeatability standard deviation sometimes is used to compute uncertainty
intervals, £U, that can be referred to as ultimate instrument variability, based on the Student’s t
distribution function (U = tksgpt).

Common sense and application experience demonstrate that repeatability is an overly
optimistic estimate to report as measurement uncertainty for routine measurement. In routine
use, measurements will be subject to many sources of bias and variability that are intentionally
eliminated or restrained during a repeatability study. In routine use, uncertainty in both bias (B)
and variability (Z) are greater.

c. Reproducibility: As quantified by the reproducibility standard deviation (cgpp).

reproducibility is the variability of a measurement system obtained by repeatedly measuring a
sample while allowing (or requiring) selected sources of bias or variability to affect the
measurement. With opppy, provide list of known applicable sources of bias and variability, and

whether or not they were varied.

Barring statistical variation (i.e., variation in estimates of variability, such as the noisiness in
sample standard deviations), the reproducibility standard deviation always is greater than the
repeatability standard deviation, because it has additional components. Typically, one or more of
the following is varied in a reproducibility study: instrument, analyst, laboratory, or day.
Preferably design a study tailored to the particular measurement system (see 1030B.7). If the
sample is varied, compute reproducibility standard deviations separately for each sample, then
pool results if they are homogeneous. Treat factors varied in the study as random factors and
assume them to be independent normal random variables with zero mean. However, this
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assumption often can be challenged, because the sample and possibly the target populations may
be small (they may even be identical), and there may be a question of *‘representativeness.”” For
example, six laboratories (or analysts, or instruments) may report usable measurements out of a
total population of twenty capable of doing tandem mass spectrometry for a particular analyte
and matrix. It is hard to know how representative the six are of the twenty, especially after a
ranking and exclusion process that can follow a study, and whether the biases of the twenty are
normally distributed (probably not discernible from six measurements, even if the six are
representative).

It may be more appropriate to treat each factor with few, known factor values (i.e., choices
such as laboratories) as fixed factors, to use the statistical term. Fixed factors have fixed effects.
That is, each laboratory has a different bias, as might each analyst, each instrument, and each
day, but these biases are not assumed to have a known (or knowable) distribution. Therefore, a
small sample cannot be used to estimate distribution parameters, particularly a standard
deviation. For example, assuming that variables are random, normal, and have zero mean may be
inappropriate in an interlaboratory round-robin study. It must be assumed that every laboratory
has some bias, but it is difficult to characterize the biases because of laboratory anonymity, the
small number of laboratories contributing usable data, and other factors.

Because of these concerns about assumptions and the potential ambiguity of its definition, do
not report reproducibility unless it is accompanied with study design and a list of known sources
of bias and variability and whether or not they were varied.

7. Gage Repeatability and Reproducibility, and the Measurement Capability Study
Combining the concepts of repeatability and reproducibility, the Gage Repeatability and

Reproducibility (Gage R&R) approach has been developed.? It treats all factors as random
(including biases), and is based on the simplest nontrivial model:

Z=Zppr * 2

where:
Zppt = normally distributed random variable with mean equal to zero and variance equal

Z, = normally distributed random variable with mean equal to zero and with the

variance of the factor (e.g., interlaboratory) biases, csl_z.

The overall measurement variation then is quantified by

_ —_ 2 2
Teg = Tgpp = Oppy + 0
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Estimates for oppt and ogppy Usually are obtained by conducting a nested designed study

and analyzing variance components of the results. This approach can be generalized to reflect
good practice in conducting experiments. The following measurement capability study (MCS)
procedure is recommended. The objective of such studies is not necessarily to quantify the
contribution of every source of bias and variability, but to study those considered to be
important, through systematic error budgeting.

To perform a measurement capability study to assess measurement uncertainty through
systematic error budgeting, proceed as follows:

Identify sources of bias and variation that affect measurement error. This can be done with a
cause-and-effect diagram, perhaps with source categories of: equipment, analyst, method (i.e.,
procedure and algorithm), material (i.e., aspects of the test specimens), and environment.

Select sources to study, either empirically or theoretically. Typically, study sources that are
influential, that can be varied during the MCS, and that cannot be eliminated during routine
measurement. Select models for the sources. Treat sources of bias as fixed factors, and sources
of variation as random factors.

Design and conduct the study, allowing (or requiring) the selected sources to contribute to
measurement error. Analyze the data graphically and statistically (e.g., by regression analysis,
ANOVA, or variance components analysis). Identify and possibly eliminate outliers
(observations with responses that are far out of line with the general pattern of the data), and
leverage points (observations that exert high, perhaps undue, influence).

Refine the models, if necessary (e.g., based on residual analysis), and draw inferences for

future measurements. For random effects, this probably would be a confidence interval; for fixed
effects, a table of estimated biases.

8. Other Assessments of Measurement Uncertainty
In addition to the strictly empirical MCS approach to assessing measurement uncertainty,
there are alternative procedures, discussed below in order of increasing empiricism.

a. Exact theoretical: Some measurement methods are tied closely to exact first-principles
models of physics or chemistry. For example, measurement systems that count or track the
position and velocity of atomic particles can have exact formulas for measurement uncertainty
based on the known theoretical behavior of the particles.

b. Delta method (law of propagation of uncertainty): If the measurement result can be
expressed as a function of input variables with known error distributions, the distribution of the
measurement result sometimes can be computed exactly.

c. Linearized: The mathematics of the delta method may be difficult, so a linearized form of
M =T + E may be used instead, involving a first-order Taylor series expansion about key
variables that influence E:

(M+3M) =T +8MISG, + SM/SG, + SM/3Gy + ...
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for sources G, G,, G, etc. of bias and variation that are continuous variables (or can be

represented by continuous variables). The distribution of this expression may be simpler to
determine, as it involves the linear combination of scalar multiples of the random variables.

d. Simulation: Another use of the delta method is to conduct computer simulation. Again
assuming that the distributions of measurement errors in input variables are known or can be
approximated, a computer (i.e., Monte Carlo) simulation can obtain empirically the distribution
of measurement errors in the result. Typically, one to ten thousand sets of random deviates are
generated (each set has one random deviate for each variable), and the value of M is computed
and archived. The archived distribution is an empirical characterization of the uncertainty in M.

e. Sensitivity study (designed experiment): If the identities and distributions of sources of
bias and variation are known and these sources are continuous factors, but the functional form of
the relationship between them and M is not known, an empirical sensitivity study (i.e., MCS) can
be conducted to estimate the low-order coefficients (6M/3G) for any factor G. This will produce
a Taylor series approximation to the M, which can be used to estimate the distribution of 6M, as
in { c above.

f. Random effects study: This is the nested MCS and variance components analysis described
in § 7 above.

g. Passive empirical (QA/QC-type data): An even more empirical and passive approach is to
rely solely on QA/QC or similar data. The estimated standard deviation of sample measurements
taken on many different days, by different analysts, using different equipment, perhaps in
different laboratories can provide a useful indication of uncertainty.

9. Statements of Uncertainty
Always report measurements with a statement of uncertainty and the basis for the statement.

Develop uncertainty statements as follows:4-6

Involve experts in the measurement principles and use of the measurement system,
individuals familiar with sampling contexts, and potential measurement users to generate a
cause-and-effect diagram for measurement error, with sources of bias and variation (**factors’”)
identified and prioritized. Consult literature quantifying bias and variation. If needed, conduct
one or more measurement capability studies incorporating those sources thought to be most
important. In some cases, Gage R&R studies may be sufficient. These studies will provide
“‘snapshot’” estimates of bias and variation.

Institute a QA/QC program in which traceable or internal standards are measured routinely
and the results are plotted on X and R control charts (or equivalent charts). React to
out-of-control signals on the control charts. In particular, re-calibrate using traceable standards
when the mean control chart shows a statistically significant change. Use the control charts,
relevant literature, and the MCSs to develop uncertainty statements that involve both bias and
variation.
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1030 C. Method Detection Level

1. Introduction

Detection levels are controversial, principally because of inadequate definition and
confusion of terms. Frequently, the instrumental detection level is used for the method detection
level and vice versa. Whatever term is used, most analysts agree that the smallest amount that
can be detected above the noise in a procedure and within a stated confidence level is the
detection level. The confidence levels are set so that the probabilities of both Type I and Type Il
errors are acceptably small.

Current practice identifies several detection levels (see 1010C), each of which has a defined
purpose. These are the instrument detection level (IDL), the lower level of detection (LLD), the
method detection level (MDL), and the level of quantitation (LOQ). Occasionally the instrument
detection level is used as a guide for determining the MDL. The relationship among these levels
is approximately IDL:LLD:MDL:LOQ = 1:2:4:10.

2. Determining Detection Levels

An operating analytical instrument usually produces a signal (noise) even when no sample is
present or when a blank is being analyzed. Because any QA program requires frequent analysis
of blanks, the mean and standard deviation become well known; the blank signal becomes very
precise, i.e., the Gaussian curve of the blank distribution becomes very narrow. The IDL is the
constituent concentration that produces a signal greater than three standard deviations of the
mean noise level or that can be determined by injecting a standard to produce a signal that is five
times the signal-to-noise ratio. The IDL is useful for estimating the constituent concentration or
amount in an extract needed to produce a signal to permit calculating an estimated method
detection level.

The LLD is the amount of constituent that produces a signal sufficiently large that 99% of
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the trials with that amount will produce a detectable signal. Determine the LLD by multiple
injections of a standard at near zero concentration (concentration no greater that five times the
IDL). Determine the standard deviation by the usual method. To reduce the probability of a Type
I error (false detection) to 5%, multiply s by 1.645 from a cumulative normal probability table.
Also, to reduce the probability of a Type Il error (false nondetection) to 5%, double this amount
to 3.290. As an example, if 20 determinations of a low-level standard yielded a standard
deviation of 6 pg/L, the LLD is 3.29 x 6 = 20 ug/L.1

The MDL differs from the LLD in that samples containing the constituent of interest are
processed through the complete analytical method. The method detection level is greater than the
LLD because of extraction efficiency and extract concentration factors. The MDL can be
achieved by experienced analysts operating well-calibrated instruments on a nonroutine basis.
For example, to determine the MDL, add a constituent to reagent water, or to the matrix of
interest, to make a concentration near the estimated MDL.2 Prepare and analyze seven portions
of this solution over a period of at least 3 d to ensure that MDL determination is more
representative than measurements performed sequentially. Include all sample processing steps in
the determination. Calculate the standard deviation and compute the MDL.. The replicate
measurements should be in the range of one to five times the calculated MDL. From a table of
the one-sided t distribution select the value of t for 7 — 1 = 6 degrees of freedom and at the 99%
level; this value is 3.14. The product 3.14 times s is the desired MDL.

Although the LOQ is useful within a laboratory, the practical quantitation limit (PQL) has
been proposed as the lowest level achievable among laboratories within specified limits during
routine laboratory operations.3 The PQL is significant because different laboratories will
produce different MDLs even though using the same analytical procedures, instruments, and
sample matrices. The PQL is about five times the MDL and represents a practical and routinely
achievable detection level with a relatively good certainty that any reported value is reliable.

3. Description of Levels

Figure 1030:1 illustrates the detection levels discussed above. For this figure it is assumed
that the signals from an analytical instrument are distributed normally and can be represented by
a normal (Gaussian) curve.* The curve labeled B is representative of the background or blank
signal distribution. As shown, the distribution of the blank signals is nearly as broad as for the
other distributions, that is 6 = 6, = 5| . As blank analyses continue, this curve will become
narrower because of increased degrees of freedom.

The curve labeled I represents the IDL. Its average value is located kog units distant from the
blank curve, and k represents the value of t (from the one-sided t distribution) that corresponds to
the confidence level chosen to describe instrument performance. For a 95% level and n = 14, k =
1.782 and for a 99% limit, k = 2.68. The overlap of the B and I curves indicates the probability of
not detecting a constituent when it is present (Type Il error).

The curve at the extreme right of Figure 1030:1 represents the LLD. Because only a finite
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number of determinations is used for calculating the IDL and LLD, the curves are broader than
the blank but are similar, so it is reasonable to choose o, = 5| . Therefore, the LLD is k| + ko =

2ko| from the blank curve.
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1030 D. Data Quality Objectives

1. Introduction

Data quality objectives are systematic planning tools based on the scientific method. They
are used to develop data collection designs and to establish specific criteria for the quality of
data to be collected. The process helps planners identify decision-making points for data
collection activities, to determine the decisions to be made based on the data collected, and to
identify the criteria to be used for making each decision. This process documents the criteria for
defensible decision-making before an environmental data collection activity begins.

2. Procedure
The data quality objective process comprises the stages explained in this section.

a. Stating the issue: Sometimes the reason for performing analyses is straightforward, e.g.,
to comply with a permit or other regulatory requirement. However, at times the reason is far
more subjective; e.g., to gather data to support remedial decisions, or to track the changes in
effluent quality resulting from process changes. A clear statement of the reason for the analyses
is integral to establishing appropriate data quality objectives; this should include a statement of
how the data a