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Limit Definitions Related to Data Quality Objectives:

(primarily from Guidance for the Data Quality Objectives Process EPA QA/G-4, USEPA, Office of Environmental Information, Washington, D.C. EPA/600/R-96/056, August 2000, www.epa.gov (on-line)) 
1. Data Quality Objectives: qualitative and quantitative statements derived from the DQO Process that clarify study objectives, define the appropriate type of data, and specify tolerable levels of potential decision errors that will be used as the basis fro establishing the quality and quantity of data needed to support decisions. 

2. Data Quality Assessment: a statistical and scientific evaluation of the data set to determine the validity and performance of the data collection design and statistical test, and to determine the adequacy of the data set for its intended use. 

3. Quality Control: the overall system of technical activities that measure the attributes and performance of a process, item, or service against defined standards to verify that they meet the stated requirements established by the customer, operational techniques and activities that are used to fulfill requirements for quality. 

4. Quality Assurance: an integrated system of management activities involving planning, implementation, documentation, assessment, reporting, and quality improvement to ensure that a process, item, or service is of the type and quality needed and expected by the customer.

5. Acceptance criteria: specific limits placed on characteristics of an item, process, or service defined in requirements documents. 

6. Action level: the numerical value that causes a decision maker to choose on of the alternative actions (e.g. compliance or non compliance).  It may be a regulatory threshold standard, such as a maximum contaminant level for drinking water, a risk-based concentration level, a technology limitation, or a reference-based standard. Note that the action level defined her is specified during the planning phase of a data collection activity, it is not calculated from the sampling data. 

7. Decision errors: the error that occurs when the data mislead the site manager into choosing the wrong response action, in the sense that a different response action would have been chosen if the site manager had access to unlimited “perfect data’ or absolute truth.  In statistical tests, decision errors are labeled as false rejection or false acceptance depending on the concerns of the decision maker and baseline conditions chosen.

8. Limits on decision errors: the acceptable decision error rates established by a decision maker.  Economic, health, ecological, political and social consequences should be considered when setting limits on decision errors.

9. Detection Limit: a measure of the capability of an analytical method of distinguish samples that do not contain a specific analyte from sample that contain low concentrations of the analyte; the lowest possible level among the target analyte that con be determined to be different from zero by a single measurement at a stated level of probability (to be able to say this value is no different than zero, or greater than zero with confidence).  DL’s are analyte-matrix specific and may be laboratory dependent. 

10. Reporting Limit: What you actually report and see others report as a result, considering what is the appropriate significant digit and rounding procedures.  It is a combination of the detection limit and practical quantitation limit / minimum detection limit, appropriate significant digit and rounding procedure.  Often in appropriately called detection limit.  Significant digit implies you will not report a larger digit that the analytical method can detect.  For example, if your pH meter can read. 7.01, it really is not “measuring” that 100ths digit.  The appropriate significant figure to report is 10ths, or 7.1.  This leads then to rounding decisions if your method produces more digits that you significantly report.  See the next two attachments for more information. 

11. Practical Quantitation Limit (PQL): Often confused with detection limit, the lowest level an analyte could be measured above detection limit that a decision maker determines an analytical method can reliably and consistently produce. It is analyte and laboratory specific and is usually 2-5 times the detection limit.  It is also called the minimum detection limit (MDL). Often in appropriately called detection limit.  
12. Bias: the systematic or persistent distortion of a measurement process that causes errors in one direction (e.g. the result is the expected sample measurement is different from the sample’s true value).

13. Measurement error: the difference between the true or actual state and that which is reported from measurements.  Also known as measurement variability.

14. Null hypothesis: a tentative assumption to be proven true or false, such as treatment X is working, cadmium concentrations at Y are exceeding standard X on a monthly average, or X aquatic community has reduced species composition below Y.  When hypothesis testing is applied to site assessment decisions, the data are used to choose between a presumed baseline condition of the environment and an alternative condition.  The alternative condition is accepted only when there is overwhelming proof that the baseline conditions false. This is often called the alternative hypothesis in statistical tests. The hypothesis could be fecal coliform concentrations are above ABC Threshold in waterbody Y this month.  The alternative hypothesis would be the opposite, that fecal coliform concentrations are below ABC Threshold in waterbody Y this month.

15. Type 1 error: the statistical term for false rejection decision error or rejecting your hypothesis conclusion and it is really true.

16. Type 2 error: the statistical term for false acceptance decision error or accepting your hypothesis conclusion and it is really not true.

17. Total Study Error: the sum of all the errors incurred during the process of sample design through data reporting.  This is usually conceived as a sum of individual variances at different stages of sample collection and analysis.  Also known as total variability. 

18. Natural variability: the variability that is inherent or natural to the media, objects or people being studied.

19. Sampling: the process of obtaining a subset of measurements from a population.

20. Sample Design: the design that specifies the final configuration of the environmental monitoring effort to satisfy the DQO’s.  It includes what types of samples or monitoring information should be collected, where, when, and under what conditions they should be collected, what variables are to be measured, and what quality assurance and quality control components will ensure acceptable sampling error and measurement error to meet the decision error rates specified in the DQO’s.  The sample design is the principal par the quality assurance plan. 

21. Sample Design Error: the error due to observing only a limited number of the total possible values that make up the population being studied (dissolved cadmium in the water column for example).  Sampling errors are distinct from those due to imperfect site selection, bias in response, and mistakes in observation, measurement or recording.  Also known as field variability.

22. Estimate: a characteristic from the sample from which inferences on parameters can be made. 

23. Precision: a measure of mutual agreement among individual measurements of the sample property, usually under prescribed similar conditions expressed generally in terms of the standard deviation. 

24. Distribution: 1) the appointment of an environmental contaminant at a point over time, over an area, or within a volume: 2) a probability function (density function, mass function, or distribution function) used to describe a set of observations (statistical sample) or a population from which the observations are generated. 

25. Statistic: a function of the sample measurements (e.g., the sample mean, sample variance).

26. Variance: a measure of the dispersion of a set of values.  Small variance indicating a compact set of values; larger variance indicates a set of values that is far more spread out and variable.  

27. Confidence interval: the numerical interval constructed around a point estimate of a population parameter, combined with a probability statement (the confidence coefficient) linking to the populations’ true parameter value.  If the same confidence interval construction technique and assumptions are sued to calculate future intervals, they will include the unknown population parameter with the same specified probability. 
28. Standard Operating Procedure (SOP): a written document the details the method for an operation, analysis, or action with thoroughly prescribed techniques and steps and that is officially approved as the method for performing certain routine or repetitive tasks. 

USGS Policy on Significant Digits and Rounding: 

USGS Policy for Storing and Reporting Significant Figures for Chemical Data

In Reply Refer To:                                 
February 14,2002

Mail Stop 412

Office of Water Quality Technical Memorandum 2002.11

Subject:   Policy for Storing and Reporting Significant Figures for

Chemical Data

This memo establishes the policy of the Office of Water Quality (OWQ) for storing and reporting the appropriate number of significant figures for chemical data in the U.S. Geological Survey's National Water Information System (NWIS) and describes the systematic implementation of this policy.

Concepts presented in this memo were developed over the past year by members of the Phoenix Water-Quality User Group, and by staff from OWQ, the Branch of Quality Systems (BQS), and the National Water Quality Laboratory (NWQL).

Questions about the established policy and the concepts presented in this memo should be directed to Pete Rogerson (rogerson@usgs.gov) or Stephen Sorenson (sorenson@usgs.gov) in OWQ.

Background and Purpose:

All water-quality data have an associated uncertainty resulting from variability in sample collection, preparation, and analysis.  This memo addresses only the uncertainties associated with laboratory sample preparation and analysis. Data should be stored in and reported from NWIS at a level of significance that accurately reflects these uncertainties.

Too many digits imply a higher level of precision than is justified by a particular analytical method.  Too few digits potentially eliminate real information about the actual measured constituent concentration that may be critical for interpretation.  Current guidance (Novak, 1985, and Hansen, 1991) for reporting significant figures in USGS data reports and other publications recommends that when "presenting numerical data, give only those digits that convey actual information.  The last digit should represent the uncertainty in the data."

There is no universally recognized means for determining the location of this uncertain digit and the OWQ has not had a defined policy.  This memo establishes the practice that will be implemented by the OWQ to derive the significant figures for analytical values by determining the variability of the method using laboratory replicate samples distributed over a range of constituent concentrations.  These determinations of variability will then be used to estimate the precision of individual results over the full analytical range of the method.

Policy:

The convention for reporting rounded analytical values in NWIS is to include all digits known with certainty, plus one digit that is uncertain.

The uncertain digit will be called the least significant digit (LSD) in this document.  Determination of the LSD will follow the guidance outlined by the American Society for Testing and Materials (1993).

Laboratories will report data to the NWIS database to the least significant digit plus one additional digit (LSD+1).  One additional uncertain digit is recommended because there is potentially useful information in this added data that will contribute to the ability to statistically evaluate large data sets.

Standard USGS publication policy is to report all numbers rounded to the LSD.  Standard rounding procedures in NWIS will be written to properly round results to the LSD, but additional retrieval options will be available for users to retrieve data at the LSD+1 level for use in statistical and interpretive analyses.

Measurement of variability in analytical methods and the designation of significant figures for each measured constituent is the responsibility of each laboratory providing data to NWIS.    The number of significant figures to be reported for a particular laboratory analysis by a particular method will be based on measurement variability for multiple points in the concentration range.  The performance of analytical methods will continue to be monitored by the individual laboratories to determine if the initial variability determined for the method is representative of longer-term variability.  Each laboratory must define the rationale and operational procedures they will use to report significant figures.  A review of these procedures will become part of periodic reviews of each laboratory by the BQS, as implementation of this policy is achieved.

Implementation:

It will take time to implement the substantial changes outlined in this memo. Structural changes and changes in reporting conventions will be required for NWIS and upgrades will need to be made to laboratory software.

The OWQ and BQS will initially pilot this change with the NWQL and the Ocala Water Quality and Research Laboratory (OWQRL).  Following successful implementation, the plan will be applied to field water-quality determinations and at other water-quality production laboratories.

Currently the NWIS database does not have the capability to store the necessary information to fully implement this policy, and will not have this capability until the 4_2 release currently scheduled for FY 2002.  The Phoenix Water-Quality User Group, OWQ, and BQS will continue to work with the NWQL and OWQRL to develop and test procedures needed for this new policy.  Until this policy is fully implemented, data publication and rounding will continue to be done by the default rounding rules provided through the NWIS parameter code dictionary.

The guidance provided in this memo does not fit all water-quality data that the USGS uses in its investigations.  Some procedures, such as radiochemical determinations, isotope analyses, and counts of organisms in biological samples may not allow for the determination of variability or may produce results that are expressed in units of measurement that are not consistent with this policy.  The OWQ and others will be working toward more consistent and scientifically defensible ways to determine how to best present and store these types of data as experience is gained with this process.  Regardless of how the LSD is determined, it is critical that every data user decide whether the number of significant figures provided is appropriate for the intended use of the data.
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	Our policy with respect to significant figures and rounding at the IonSource.Com web site.
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Introduction:

The purpose of this web page is to set forth in some manner the method with which we treat numbers at IonSource.Com.  We are aware that there are many great significant figure tutorials presented on the internet and we agree that this presentation does not necessarily add anything new to those discussions, for a list of some of these other web pages see the links at the bottom of this page.  The sole purpose of this presentation is to describe to the reader how we deal with significant figures and rounding exclusively at IonSource.Com.  

Scientists routinely attempt to describe the world with numbers and if you are a mass spectroscopist you had better love numbers because in many instances they are all you have, except perhaps for the occasional flaming turbo.  As a good friend once told me, "Every credible scientific study should be reducible to a table filled with meaningful significant numbers."

It is important to establish a a policy with which you treat numbers.  Some companies go so far as to establish a document called an SOP, standard operating procedure.  Then when a regulatory agency comes to call and when they need show them how they derived an assay result without bias, they can point to the SOP and say, "See, we passed this release test by 0.00001 glicks because our SOP tells us to always round up in this situation."  The situation you do not want to be in is the one where you barley pass a test because the analyst always rounds up but the regulatory agency finds instances where another analyst, or worse the same analyst, did something else in a different situation. This can lead the agency to the conclusion that you only round up when you need to pass a test.

Even if you are not answerable to a regulatory agency and the world does not rest on your shoulders you will gain respect from your peers by treating numbers with respect and by reporting only significant figures and by rounding properly.

 

What is a significant figure? 
There are two types of significant figures, measured and exact. 



Measured significant figures

As scientists we get a large amount of the figures we report and use in calculation from  measured observation. Whether a digit is determined to be significant or not is determined by the capability of the measuring device.  In a number derived from a measurement the last significant digit to the right inherently expresses an uncertainty.  For example if you are sure that your low resolution quadrupole type mass spectrometer can deliver accurate measurements to a tenth of a mass unit then you would be justified in reporting masses to a tenth of a mass unit.  For example if one measured a mass of 110.1 u this number would contain four significant figures with the last digit expressing the uncertainty.  The uncertainty would be plus or minus 0.05 u.  Even if the instrument is capable of reporting 10 digits passed the decimal point one should only report the significant digits.  Errors can arise in calculations if insignificant figures are used in a calculation.  If a number resulting from a measurement is used in a calculation that involves multiplication or division all significant figures should be carried through the calculation and then the result should be rounded at the end of the calculation to reflect the term used in the calculation with the fewest significant figures. For example 10.4 X 5.0 should be reported as 52 and not 52.0.  If the calculation involves addition and subtraction a different rule applies, one should preserve common decimal places of the numbers involved.  For example if two numbers obtained from a measurement are used in an addition, 10.1 + 1000.234 the reported number should be 1010.3. Notice that 10.1 has 3 significant figures and 1000.234 has 7 significant figures and the result of the addition has 5 significant figures.

 

General rules for determining the number of significant figures in a number:
A) All non-zero numbers are significant.  

B) All zeros between significant numbers are significant, for example the number 1002 has 4 significant figures.

C) A zero after the decimal point is significant when bounded by significant figures to the left, for example the number 1002.0  has 5 significant figures.
D) Zeros to the left of a significant figure and not bounded to the left by another significant figure are not significant. For example the number 0.01 only has one significant figure.
E) Numbers ending with zero(s) written without a decimal place possess an inherent ambiguity. To remove the ambiguity, write the number in scientific notation. For example the number 1600000 is ambiguous as to the number of significant figures it contains, the same number written 1.600 X 106 obviously has four significant figures.

Several Notes:

1)  It is important to know the accuracy and precision of the measuring device one is using and it is important to report only those digits that have significance. To reiterate, your electrospray mass spectrometer may be able to spit out 10 numbers past the decimal place but you should only use the digits that have significance in reporting or in a calculation.

2) It is generally accepted that the uncertainty is plus or minus 0.5 units at the level of the uncertainty, for example the "true value" for the number 0.003 can be described as being bounded by the numbers 0.0025 and 0.0035.  It is important to note that in some instances scientists will sometimes want to express an uncertainty that exceeds 1 at the level of the uncertainty and this should be noted explicitly in the following fashion, 0.003 ± 0.002

 

Exact Numbers 

Exact values are those that are counted without ambiguity, for example the number of mass spectrometers in the lab is exactly three, or the number of cars in the parking lot is exactly four.  These numbers carry no ambiguity and can be considered to have an infinite number of significant figures.  When using these numbers in a calculation the restriction on reporting is borne by the measured number if any. 

 
Rounding significant figures
(now it gets personal)

As far as I can tell rounding of significant figures carries a certain degree of controversy and people will argue with you based on what they were taught at some point in their education. For example I learned from my "Biostatistics" course in college that when rounding a number that is followed by a 5, for example 1.1150, one should round up to the even number, 1.12 or not round up if the number was already even.  The explanation that the professor gave was that even numbers are easier to deal with in a calculation, which now seems to me like an odd reason. More recently I have been told from statisticians that I respect that this procedure removes the rounding bias.  They explain that without bias half of the time the number is rounded up, to me this makes a lot of sense, after all as scientists we want to be as unbiased as humanly possible.  Others always round up in this situation regardless of whether the number is even or odd.  Our position on this subject is we don't care what you do, but you should establish your own policy and follow it absolutely consistently, but of course just so you will understand, the method we have adopted is correct (a little joke). Another painful detail that can cause controversy is that if the number following the 5 is not a zero, for example 1.1151, the number should be rounded up. This is the policy that we follow.  Again set your own policy or if you are working with a larger group follow that policy. Be consistent.
Rounding policies that everyone agrees with:
If you are rounding a number to a certain degree of significant digits if the number following that degree is less than five the last significant figure is not rounded up, if it is greater than 5 it is rounded up.

Examples: 

A) 10.5660 rounded to four significant figures is 10.57
B) 10.5640 rounded to four significant figures is 10.56
 

Conclusion:
We agree that we have not addressed every controversy on this subject but we hope that you understand how we deal with numbers at IonSource.Com.   For a quality easy to follow tutorial on rounding and significant figures visit Dr. Stephan Morgan at the University of South Carolina.  If you need to find a consultant to teach a course on statistics at your company we suggest Statistical Designs , they also have several tutorials on-line. The people at Statistical Desings teach statistics and experimental design for the American Chemical Society.  For an interesting paper on significant figures and rounding visit Dr.Christopher Mulliss at his web site.
Other significant figure and rounding sites we have found:
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SIGNIFICANT DIGITS
The number of significant digits in an answer to a calculation will depend on the number of significant digits in the given data, as discussed in the rules below. Approximate calculations (order-of-magnitude estimates) always result in answers with only one or two significant digits. 

When are Digits Significant? 

Non-zero digits are always significant. Thus, 22 has two significant digits, and 22.3 has three significant digits. 

With zeroes, the situation is more complicated: 

a. Zeroes placed before other digits are not significant; 0.046 has two significant digits. 

b. Zeroes placed between other digits are always significant; 4009 kg has four significant digits. 

c. Zeroes placed after other digits but behind a decimal point are significant; 7.90 has three significant digits. 

d. Zeroes at the end of a number are significant only if they are behind a decimal point as in (c). Otherwise, it is impossible to tell if they are significant. For example, in the number 8200, it is not clear if the zeroes are significant or not. The number of significant digits in 8200 is at least two, but could be three or four. To avoid uncertainty, use scientific notation to place significant zeroes behind a decimal point: 

8.200  103 has four significant digits 

8.20  103 has three significant digits 

8.2  103 has two significant digits
Significant Digits in Multiplication, Division, Trig. functions, etc. 

In a calculation involving multiplication, division, trigonometric functions, etc., the number of significant digits in an answer should equal the least number of significant digits in any one of the numbers being multiplied, divided etc. 

Thus in evaluating sin(kx), where k = 0.097 m-1 (two significant digits) and x = 4.73 m (three significant digits), the answer should have two significant digits. 

Note that whole numbers have essentially an unlimited number of significant digits. As an example, if a hair dryer uses 1.2 kW of power, then 2 identical hairdryers use 2.4 kW: 

1.2 kW {2 sig. dig.}  2 {unlimited sig. dig.} = 2.4 kW {2 sig. dig.} 

Significant Digits in Addition and Subtraction 

When quantities are being added or subtracted, the number of decimal places (not significant digits) in the answer should be the same as the least number of decimal places in any of the numbers being added or subtracted. 

Example: 

5.67 J (two decimal places) 
1.1 J (one decimal place) 
0.9378 J (four decimal place) 
7.7 J (one decimal place) 

Keep One Extra Digit in Intermediate Answers 

When doing multi-step calculations, keep at least one more significant digit in intermediate results than needed in your final answer. 

For instance, if a final answer requires two significant digits, then carry at least three significant digits in calculations. If you round-off all your intermediate answers to only two digits, you are discarding the information contained in the third digit, and as a result the second digit in your final answer might be incorrect. (This phenomenon is known as "round-off error.") 

The Two Greatest Sins Regarding Significant Digits 

1. Writing more digits in an answer (intermediate or final) than justified by the number of digits in the data. 

2. Rounding-off, say, to two digits in an intermediate answer, and then writing three digits in the final answer. 

Try these Exercises: 

1. ekt = ?, where k = 0.0189 yr-1, and t = 25 yr. 

2. ab/c = ?, where a = 483 J, b = 73.67 J, and c = 15.67 

3. x + y + z = ?, where x = 48.1, y = 77, and z = 65.789 

4. m – n – p = ?, where m = 25.6, n = 21.1, and p = 2.43 

Answers



Least significant digit
	Sometimes abbreviated as LSD, the least significant digit is the lowest digit in a number, located at the far right of a string. 


ASTM Significant Figure and Rounding Methods. 
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Standard Practice for

An American National Standard

Using Significant Digits in Test Data to Determine
Conformance with Specifications’

This standard is issued under the fixed designation E 29; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Depariment of Defense.

€' Nore—Editorial changes were made to Footnote 4, Table 1, and Paragraph 7.4 in November 2003.

1. Scope

1.1 This practice is intended to assist the various technical
committees in the use of uniform methods of indicating the
number of digits which are to be considered significant in
specification limits, for example, specified maximum values
and specified minimum values. Its aim is to outline methods
which should aid in clarifying the intended meaning of
specification limits with which observed values or calculated
test results are compared in determining conformance with
specifications.

1.2 This practice is intended to be used in determining
conformance with specifications when the applicable ASTM
specifications or standards make direct reference to this prac-
tice.

1.3 Reference to this practice is valid only when a choice of
method has been indicated, that is, either absolute method or
rounding method.

2. Referenced Documents

2.1 ASTM Standards:

E 456 Terminology Relating to Quality and Statistics?

SI 10 Standard for Use of the International System of Units
(SI) (the Modernized Metric System)*

3. Terminology

3.1 significant digit, n—any of the figures 0 through 9,
excepting leading zeros and some trailing zeros, which is used
with its place value to denote a numerical quantity to some
desired approximation.

3.1.1 The digit zero may either indicate a specific value or
indicate place only. Zeros leading the first nonzero digit of a
number indicate order of magnitude only and are not signifi-
cant digits. For example, the number 0.0034 has two significant

! This practice is under the jurisdiction of ASTM Committee E11 on Quality and
Statistics and is the direct responsibility of Subcommittee E11.30 on Data Analysis.

Current cdition approved May 10, 2002. Published July 2002. Originally
published as E 29 - 40. Last previous cdition E 29 — 93 (1999).

2 Annual Book of ASTM Standards, Vol 14.02.

* Annual Book of ASTM Standards, Vol 14.04.

digits. Zeros trailing the last nonzero digit for numbers
represented with a decimal point are significant digits. For
example, the numbers 1270. and 32.00 each have four signifi-
cant digits. The significance of trailing zeros for numbers
represented without use of a decimal point can only be
identified from knowledge of the source of the value. For
example, a modulus strength, stated as 140 000 Pa, may have
as few as two or as many as six significant digits.

3.1.2 To eliminate ambiguity, the exponential notation may
be used. Thus, 1.40 X 10° indicates that the modulus is
reported to the nearest 0.01 X 10 ° or 1000 Pa.

3.1.3 Use of appropriate SI prefixes is recommended for
metric units to reduce the need for trailing zeros of uncertain
significance. Thus, 140 kPa and 0.140 MPa each indicate that
the modulus is reported to the nearest 1 kPa or 1000 Pa, while
140 kPa may again have two or three significant digits.

4. Significance and Use

4.1 This practice describes two commonly accepted meth-
ods of rounding data, identified as the Absolute Method and the
Rounding Method. In the applications of this practice to a
specific material or materials it is essential to specify which
method is intended to apply. In the absence of such specifica-
tion, reference to this practice, which expresses no preference
as to which method should apply, would be meaningless. The
choice of method is arbitrary depending upon the current
practice of the particular branch of industry or technology
concerned, and should therefore be specified in the prime
publication.

4.1.1 The unqualified statement of a numerical limit, such as
“2.50 in. max,” cannot, in view of different established
practices and customs, be regarded as carrying a definite
operational meaning concerning the number of digits to be
retained in an observed or a calculated value for purposes of
determining conformance with specifications.

4.1.2 Absolute Method—In some fields, specification limits
of 2.5 in. max, 2.50 in. max, and 2.500 in. max are all taken to
imply the same absolute limit of exactly two and a half inches

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.

1
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and for purposes of determining conformance with specifica-
tions, an observed value or a calculated value is to be compared
directly with the specified limit. Thus, any deviation, however
small, outside the specification limit signifies nonconformance
with the specifications. This will be referred to as the absolute
method, which is discussed in 5.

4.1.3 Rounding Method—In other fields, specification limits
of 2.5 in. max, 2.50 in. max, 2.500 in. max are taken to imply
that, for the purposes of determining conformance with speci-
fications, an observed value or a calculated value should be
rounded to the nearest 0.1 in., 0.01 in., 0.001 in., respectively,
and then compared with the specification limit. This will be
referred to as the rounding method,which is discussed in 6.

4.2 Section 7 of this practice gives guidelines for use in
recording, calculating, and reporting the final result for test
data.

5. Absolute Method

5.1 Where Applicable—The absolute method applies where
it is the intent that all digits in an observed value or a calculated
value are to be considered significant for purposes of deter-
mining conformance with specifications. Under these condi-
tions, the specified limits are referred to as absolute limits.

5.2 How Applied—With the absolute method, an observed
value or a calculated value is not to be rounded, but is to be
compared directly with the specified limiting value. Conform-
ance or nonconformance with the specification is based on this
comparison.

5.3 How Expressed—This intent may be expressed in the
standard in one of the following forms:

5.3.1 If the absolute method is to apply to all specified limits
in the standard, this may be indicated by including the
following sentence in the standard:

For purposes of determining conformance with these speci-
fications, all specified limits in this standard are absolute limits,
as defined in ASTM Practice E 29, for Using Significant Digits
in Test Data to Determine Conformance with Specifications.

5.3.2 If the absolute method is to apply to all specified limits
of some general type in the standard (such as dimensional
tolerance limits), this may be indicated by including the
following sentence in the standard:

For purposes of determining conformance with these speci-
fications, all specified (dimensional tolerance) limits are abso-
lute limits, as defined in ASTM Practice E 29, Using Signifi-
cant Digits in Test Data to Determine Conformance with
Specifications.

5.3.3 If the absolute method is to apply to all specified limits
given in a table, this may be indicated by including a footnote
with the table as follows:

Capacity Volumetric Tolerance®
mL = mL
10 0.02
25 0.03
50 0.05
100 0.10

A Tolerance limits specified are absolute limits as defined in ASTM Practice
E 29, for Using Significant Digits in Test Data to Determine Conformance with
Specifications.
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6. Rounding Method

6.1 Where Applicable—The rounding method applies where
it is the intent that a limited number of digits in an observed
value or a calculated value are to be considered significant for
purposes of determining conformance with specifications.

6.2 How Applied—With the rounding method, an observed
value or a calculated value should be rounded by the procedure
prescribed in 4.2 to the nearest unit in the designated place of
figures stated in the standard, as, for example, “to the nearest
kPa,” “to the nearest 10 ohms,” “to the nearest 0.1 percent,”
etc. The rounded value should then be compared with the
specified limit, and conformance or nonconformance with the
specification based on this comparison.

6.3 How Expressed—This intent may be expressed in the
standard in one of the following forms:

6.3.1 If the rounding method is to apply to all specified
limits in the standard, and if all digits expressed in the
specification limit are to be considered significant, this may be
indicated by including the following statement in the standard:

The following applies to all specified limits in this standard: For purposes of
determining conformance with these specifications, an observed value or a cal-
culated value shall be rounded “to the nearest unit” in the last right-hand digit
used in expressing the specification limit, in accordance with the rounding
method of ASTM Practice E 28, for Using Significant Digits in Test Data to De-
termine Conformance with Specifications.

6.3.2 If the rounding method is to apply only to the specified
limits for certain selected requirements, this may be indicated
by including the following statement in the standard:

The following applies to specified limits for requirements on (tensile
strength), (elongation), and ( ... ) given in ..., (applicable section number and
title) and ( ... ) of this standard: For purposes of determining conformance with
these specifications, an observed value or a calculated value shall be rounded
to the nearest 1kPa for (tensile strength), to the nearest (1 percent) for (elonga-
tion), and to the nearest ( ... ) for ( ... ) in accordance with the rounding-off
method of ASTM Practice E 29 Using Significant Digits in Test Data to Deter-
mine Conformance with Specifications.

6.3.3 If the rounding method is to apply to all specified
limits in a table, this may be indicated by a note in the manner
shown in the following examples:

6.3.3.1 Example 1—Same significant digits for all items:

Chemical Composition,

% mass
Copper 45 =05
Iron 1.0 max
Silicon 25=x05
Other constituents (magnesium + zinc + manganese) 0.5 max
Aluminum remainder

Note 1—For purposes of determining conformance with these speci-
fications, an observed value or a calculated value shall be rounded to the
nearest 0.1 percent, in accordance with the rounding method of ASTM
Practice E 29, for Using Significant Digits in Test Data to Determine
Conformance with Specifications.

6.3.3.2 Example 2—Significant digits not the same for all
items; similar requirements:

Chemical Composition, % mass

min max
Nickel 57
Chromium 14 18
Manganese 3
Silicon 0.40
Carbon 0.25
Sulfur 0.03
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Note 2—For purposes of determining conformance with these speci-
fications, an observed value or a calculated value shall be rounded “to the
nearest unit” in the last right-hand significant digit used in expressing the
limiting value, in accordance with the rounding method of ASTM Practice
E 29, Using Significant Digits in Test Data to Determine Conformance
with Specifications.

6.3.3.3 Example 3—Significant digits not the same for all
items; dissimilar requirements:

Tensile Requirements

Tensile strength, psi 60 000 to 72 000

Yield point, min, psi 33000

Elongation in 2 in., min % 22

Note 3—For purposes of determination of conformance with these
specifications, an observed value or a calculated value shall be rounded off
to the nearest 1000 psi for tensile strength and yield point and to the
nearest 1 percent for elongation, in accordance with the rounding method
of ASTM Practice E 29 for Using Significant Digits in Test Data to
Determine Conformance with Specifications.

6.4 Rounding Procedure—The actual rounding procedure*
shall be as follows:

6.4.1 When the digit next beyond the last place to be
retained is less than 5, retain unchanged the digit in the last
place retained.

6.42 When the digit next beyond the last place to be
retained is greater than 5, increase by 1 the digit in the last
place retained.

6.4.3 When the digit next beyond the last place to be
retained is 5, and there are no digits beyond this 5, or only
zeros, increase by 1 the digit in the last place retained if it is
odd, leave the digit unchanged if it is even. Increase by 1 the
digit in the last place retained, if there are digits beyond this 5.

6.4.4 This rounding procedure may be restated simply as
follows: When rounding a number to one having a specified
number of significant digits, choose that which is nearest. If
two choices are possible, as when the digits dropped are
exactly a 5 or a 5 followed only by zeros, choose that ending
in an even digit. Table 1 gives examples of applying this
rounding-off procedure.

6.5 The rounded value should be obtained in one step by
direct rounding of the most precise value available and not in
two or more successive roundings. For example: 89 490
rounded to the nearest 1 000 is at once 89 000; it would be
incorrect to round first to the nearest 100, giving 89 500 and
then to the nearest 1 000, giving 90 000.

6.6 Special Case, Rounding to the Nearest 50, 5, 0.5, 0.05,
etc.—If in special cases it is desired to specify rounding to the
nearest 50, 5, 0.5, 0.05, etc., this may be done by so indicating
in the standard. In order to round to the nearest 50, 5, 0.5, 0.05,
etc., double the observed or calculated value, round off to the
nearest 100, 10, 1.0, 0.10, etc., in accordance with the
procedure in 6.4, and divide by 2. For example, in rounding
6 025 to the nearest 50, 6 025 is doubled giving 12 050 which
becomes 12 000 when rounded to the nearest 100 (6.4.3).
When 12 000 is divided by 2, the resulting number, 6 000, is

“ The rounding procedure given in this practice is the same as the one given in
the ASTM Manual 7 on Presentation of Data and Control Chart Analysis.
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TABLE 1 Examples” of Rounding

Rounded
Observed To Be Value to be Conforl;ms
) 5 Value or Used for witt
Specified Limit Calculated Roundad Purposes of Specified
to Nearest . i
Value Determining Limit
Conformance
Yield point, 36 000 35940 100 psi 35900 no
psi, min {35950 100 psi 36 000 yes
35 960 100 psi 36 000 yes
Nickel, 57 %, mass, 56.4 1% 56 no
min {565 1% 56 no
56.6 1% 57 yes
Water extract 40.4 1 ms/m 40 yes
conductivity, 40 {405 1 ms/m 40 yes
ms/m, max 40.6 1 ms/m 4 no
Sodium bicarbonate 0.54 0.1% 0.5 yes
0.5 %, max, dry {055  01% 0.6 no
mass basis 0.56 0.1% 0.6 no

“These examples are meant to illustrate rounding rules and do not necessarily
reflect the usual number of digits associated with these test methods.

the rounded value of 6 025. In rounding 6 075 to the nearest 50,
6 075 is doubled giving 12 150 which becomes 12 200 when
rounded to the nearest 100 (6.4.3). When 12 200 is divided by
2, the resulting number, 6 100, is the rounded value of 6 075.

7. Guidelines for Retaining Significant Figures in
Calculation and Reporting of Test Results

7.1 General Discussion—Rounding test results avoids a
misleading impression of precision while preventing loss of
information due to coarse resolution. Any approach to retention
of significant digits of necessity involves some loss of infor-
mation; therefore, the level of rounding should be carefully
selected considering both planned and potential uses for the
data. The number of significant digits must, first, be adequate
for comparison against specification limits (see 6.2). The
following guidelines are intended to preserve the data for
statistical summaries. For certain purposes, such as where
calculations involve differences of measurements close in
magnitude, and for some statistical calculations, such as paired
t-tests, autocorrelations, and nonparametric tests, reporting
data to a greater number of significant digits may be advisable.

7.2 Recording Test Data—When recording direct measure-
ments, as in reading marks on a buret, ruler, or dial, all digits
known exactly, plus one digit which may be uncertain due to
estimation, should be recorded. For example, if a buret is
graduated in units of 0.1 mL, then an observation would be
recorded as 9.76 mL where it is observed between 9.7 and 9.8
marks on the buret, and estimated about six tenths of the way
between those marks. When the measuring device has a vernier
scale, the last digit recorded is the one from the vernier.

7.2.1 The number of significant digits given by a digital
display or printout from an instrument should be greater than or
equal to those given by the rule for reporting test results in 7.4
below.

7.3 Calculation of Test Result from Test Data—When cal-
culating a test result from test data, avoid rounding of inter-
mediate quantities. As far as is practicable with the calculating
device or form used, carry out calculations with the test data
exactly and round only the final result.

7.4 Reporting Test Results—A suggested rule relates the
significant digits of the test result to the precision of the
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measurement expressed as the standard deviation o. The
applicable standard deviation is the repeatability standard
deviation (see Terminology E 456). Test results should be
rounded to not greater than 0.5 o nor less than 0.05 o, provided
that this value is not greater than the unit specified in the
specification (see 6.2). When only an estimate, s, is available
for o, s may be used in place of o in the preceding sentence.

Example:A test result is calculated as 1.45729. The standard deviation of
the test method is estimated to be, 0.0052. Round to 1.457 or the nearest
0.001 since this rounding unit, 0.001, is between 0.05 ¢ = 0.00026 and 0.50
=0.0026.

Note 4—A rationale for this rule is derived from representing the
standard deviation of a rounded test result by \/ o + w%/12 where o is
the standard deviation of the unrounded test result. The quantity w/ /12
is the standard deviation of an error uniformly distributed over the range
w. Rounding so that w is below 0.5 o ensures that the standard deviation
is increased by at most 1 %, while adding more digits would give a
misleading impression of precision.

7.4.1 When no estimate of the standard deviation o is
known, then rules for retention of significant digits of com-
puted quantities may be used to derive a number of significant
digits to be reported, based on significant digits of test data.

7.4.1.1 The rule when adding or subtracting test data is that
the result shall contain no significant digits beyond the place of
the last significant digit of any datum.

Examples:

(1) 11.24 + 9.3 + 6.32 = 26.9, since the last significant digit of 9.3 is the first fol-
lowing the decimal piace, 26.9 is obtained by rounding the exact sum, 26.86, to
this place of digits.

(9926-9234=3

(3) 140 000 + 91 460 = 231 000 when the first value was recorded to the near-
est thousand.

7.4.1.2 The rule when multiplying or dividing is that the
result shall contain no more significant digits than the value
with the smaller number of significant digits.

Examples:

(1) 11.38 X 4.3 = 49, since the factor 4.2 has two siginificant digits

(2) (926 - 923.4)/4.3 = 0.6 Only one figure is significant since the numerator
difference has only one significant digit.

7.4.1.3 The rules for logarithms and exponentials are: Digits
of In (x) or log,o(x) are significant through the n-th place after
the decimal when x has # significant digits. The number of
significant digits of e * or 10™ is equal to the place of the last
significant digit in x after the decimal.

Examples:In(3.46) = 1.241 to three places after the decimal, since 3.46 has
three significant digits. 10%4® = 2900 has two significant digits, since 3.46 is
given to two places after the decimal.

7.4.1.4 The rule for numbers representing exact counts or
mathematical constants is that they are to be treated as having
an infinite number of significant digits.
Examples:
(1) 1-0.23/2 = 0.88 where the numbers 1 and 2 are exact and 0.23 is an ap-
proximate quantity. (2) A count of 50 pieces times a measured thickness 0.124
mm is 50 X 0.124 = 6.20 mm, having three significant figures. (3) A measure-
ment of 1.634 in. to the nearest thousandth, is converted to mm. The resuilt,
1.634 x 25.4 = 41.50 mm, has four significant digits. The conversion constant,
25.4, is exact.

Note 5—More extensive discussion of dimensional conversion can be
found in Standard SI 10.

7.5 Specification Limits—When the rounding method is to
apply to given specified limits, it is desirable that the signifi-
cant digits of the specified limits should conform to the
precision of the test following the rule of 7.3. That is, the
rounding unit for the specification limits should be between
0.05 and 0.5 times the standard deviation of the test.

7.6 Averages and Standard Deviations—When reporting
the average and standard deviation of replicated measurements
or repeated samplings of a material, a suggested rule for most
cases is to round the standard deviation to two significant digits
and round the average to the same last place of significant
digits. When the number of observations is large (more than 15
when the lead digit of the standard deviation is 1, more than 50
with lead digit 2, more than 100 in other cases), an additional
digit may be advisable.

7.6.1 Alternative approaches for averages include reporting
X to within 0.05 to 0.5 times the standard deviation of the
average o/ \/n , or applying rules for retaining significant
digits to the calculation of %. ASTM Manual 7 provides
methods for reporting % and s for these applications.*

Note 6—A rationale for the suggested rule comes from the uncertainty
of a calculated standard deviation s. The standard deviation of s based on
sampling from a normal distribution with » observations is approximately
o/~\/2n . Reporting s to within 0.05 to 0.5 of this value, following the rule
of 7.4, leads to two significant digits for most values of ¢ when the
number of observations 7 is 100 or fewer.

Example: Analyses on six specimens give values of 3.56, 3.88, 3.95,
4.07, 4.21, and 4.47 for a constituent. The average and standard deviation,
unrounded, are X = 4.0233... and s =0.3089... . The suggested rule would
report X and s as 4.02 and 0.31.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
‘make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
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[image: image7.jpg]making by selecting between two clear alternative conditions (e.g., compliance/non-compliance
with a standard), the Agency’s recommended systematic planning tool is called the DQO Process.
Elements of the systematic planning process (from Section 3.3.8 of the EPA Quality Manual) and

relationship to the DQO Process are shown in Table 0-1.

Table 0-1. Elements of the Systematic Planning Process

Elements of Systematic Planning Process

Corresponding Step in the DQO Process

Identifying and involving the project
manager/decision maker, and project personnel

Step 1. Define the problem

Identifying the project schedule, resources,
milestones, and requirements

Step 1. Define the problem

Describing the project goal(s) and objective(s)

Step 2. Identify the problem

Identifying the type of data needed

Step 3. Identify information needed for the
decision

obtained

Identifying constraints to data collection Step 4. Define the boundaries of the study
Determining the quality of the data needed Step 5. Develop a decision rule

Step 6. Specify limits on decision errors
Determining the quantity of the data needed Step 7. Optimize the design for obtaining data
Describing how, when, and where the data will be | Step 7. Optimize the design for obtaining data

Specifying quality assurance and quality control
activities to assess the quality performance criteria

Part B of QA Project Plan

Describing methods for data analysis, evaluation,
and assessment against the intended use of the data
and the quality performance criteria

Part D of QA Project Plan; DQA Process

What are acceptance or performance criteria? Acceptance or performance criteria are based on
the ultimate use of the data to be collected and needed quality assurance (QA) and quality control
(QC) practices required to support the decision. In the decision making process, these criteria
allow a user to limit decision errors to a fixed level for determining whether or not an Action
Level (regulatory or risk-based) has been exceeded.

What is the DQO Process? The DQO Process is a seven-step planning approach to develop
sampling designs for data collection activities that support decision making. This process uses
systematic planning and statistical hypothesis testing to differentiate between two or more clearly
defined alternatives. A summary of the seven steps is presented in Figure 0-3.
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[image: image8.jpg]Step 1. State the Problem

Define the problem; identify the planning team;
examine budget, schedule.

'

Step 2. Identify the Decision

State decision; identify study question; define
alternative actions.

Step 3. Identify the Inputs to the Decision
Identify information needed for the decision (information
sources, basis for Action Level, sampling/analysis method).

y

Step 4. Define the Boundaries of the Study

Specify sample characteristics; define
spatial/temporal limits, units of decision making.

!

Step 5. Develop a Decision Rule

Define statistical parameter (mean, median); specify Action
Level; develop logic for action.

v

Step 6. Specify Tolerable Limits on Decision Errors

Set acceptable limits for decision errors relative to
consequences (health effects, costs).

!

Optimize the Design for Obtaining Data

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

Step 7

Figure 0-3. The Data Quality Objectives Process

The DQO Process is iterative and allows the planning team to incorporate new
information and modify outputs from previous steps as inputs for a subsequent step. Although
the principles of systematic planning and the DQO Process are applicable to all scientific studies,
the DQO Process is particularly designed to address problems that require making a decision
between two clear alternatives. The final outcome of the DQO Process is a design for collecting
data (e.g., the number of samples to collect, and when, where, and how to collect samples),
together with limits on the probabilities of making decision errors.

What are DQOs? DQOs are qualitative and quantitative statements, developed using the DQO
Process, that clarify study objectives, define the appropriate type of data, and specify tolerable
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[image: image9.jpg]levels of potential decision errors that will be used as the basis for establishing the quality and
quantity of data needed to support decisions. DQOs define the performance criteria that limit the
probabilities of making decision errors by considering the purpose of collecting the data; defining
the appropriate type of data needed; and specifying tolerable probabilities of making decision
errors.

What projects are covered by the DQO Process? The DQO Process may be applied to all
programs involving the collection of environmental data used in decision making. The principles
used in the DQO Process are also applicable to programs with objectives other than decision
making (e.g., estimation and research studies).

Who should be included in the DQO Process? When applying the DQO Process, a planning
team of senior program staff, technical experts, managers, data users (usually with some statistical
expertise), a quality assurance specialist, regulators, and stakeholders are usually involved. Itis
important that the key persons participate (or stay informed) throughout the DQO Process so that
each individual understands the problem/decision and objectives of the decision-making process.
Individuals with specific areas of technical expertise may decide to be involved only in the steps of
the DQO Process that require technical input.

When should the DQO Process be used? The DQO Process should be used during the planning
stage of any study that requires data collection, before the data are collected. As the DQO
Process is iterative by nature, steps within the process can be revisited before a final decision is
reached. As shown in Figure 0-4, the planning team may choose to revisit selected parts of the
DQO Process or to investigate the entire process cyclically.

Is the DQO Process only applicable to large studies or studies that require multiple decisions?
The DQO Process applies to any study, regardless of its size. However, the depth and detail of
DQO development will depend on the study objectives. The DQO Process is particularly
applicable to a study in which multiple decisions must be reached because, by using this planning
process, the planning team can clearly separate and delineate data requirements for each
problem/decision. For projects that require multiple decisions or answers to more than one
question, it is likely that the resolution of one decision will lead to the evaluation of subsequent
decisions. In these cases, the DQO Process can be used repeatedly throughout the life cycle of a
project. Often, the decisions that are made early in the project will be preliminary in nature; they
might require only a limited planning and evaluation effort. As the study nears conclusion and the
consequences of making a decision error become more critical, however, the level of effort
needed to resolve a decision generally will become greater. Figure 0-4 illustrates this point.

What are the outputs of the DQO Process? The DQO Process leads to the development of
acceptance or performance criteria based on the ultimate use of the data to be collected and define
the quality required for the decision in terms of acceptance limits on the probabilities of
committing a decision error. Each step of the DQO Process defines criteria that will be used to
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establish the final data collection design. The first five steps of the DQO Process are primarily
focused on identifying qualitative criteria, such as:

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

. the decisions that need to be made and the order of priority for resolving them;

. the type of data needed (i.e., geographic area, environmental medium, overall
timing of data collection, etc.); and

. a decision rule that defines how the data will be used to choose among alternative
actions.

The sixth step defines quantitative criteria, expressed as limits on the probability or chance
(risk) of making a decision error, that the decision maker can tolerate. The seventh step is used to
develop a data collection design based on the criteria developed in the first six steps. In this step
the planning team considers the final product of the DQO Process, a data collection design that
meets the quantitative and qualitative needs of the study using a specified number of samples that
can be accommodated by the budget available. The outputs of the DQO Process are used to
develop a QA Project Plan and for performing Data Quality Assessment (Chapter 8).

What is a data collection design? A data collection design specifies the number, location,
physical quantity, and type of samples that should be collected to satisfy the DQOs. The sampling
design designates where, when, and under what conditions samples should be collected; what
variables are to be measured; and the QA and QC activities that will ensure that sampling design
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[image: image11.jpg]and measurement errors are managed sufficiently to meet the tolerable decision error rates
specified in the DQOs. These QA and QC activities together with details of the data collection
design are documented in the QA Project Plan.

Can existing data be used in the DQO Process to support your decision making? Existing data
can be very useful. For example, pilot studies are often performed to provide a preliminary
assessment of variability. In these cases, the existing data may provide valuable information to
help develop a design for collecting data. It is critical to examine the existing data to ensure that
their quality is acceptable for use, or for integration into a new data set. Some considerations
include:

. determining if the existing data were collected within approximately the same
spatial and temporal boundaries as the new data;

. examining the existing data to determine if this data set includes identical media
and analytes;

. examining the performance of the analytical methods for the existing data

(accuracy, precision, detection limits) and comparing this to the specifications in
Step 3 of the DQO Process for new data to be collected; and
. examining the variability among samples in the existing and new data sets.

Combining existing data and new data can be a very complex operation and you should
undertake this with great care. In many cases, statistical expertise is required to evaluate both
data sets before they can be combined with confidence.

Will you always develop statistical/probabilistic sampling designs for data collection if you use
the DQO Process? No. Although statistical methods for developing the data collection design
are strongly encouraged, this guidance recognizes that not every sampling problem can be
resolved with probabilistic sampling designs. However, the DQO Process can and should be used
as a planning tool for studies even if a statistical data collection design ultimately will not be used.
In these cases, the planning team is encouraged to seek expert advice on how to develop a non-
statistical data collection design and how to evaluate the results of the data collection. When
nonprobabilistic, judgmental, or quota sampling methods are used, be sure to consult with an EPA
representative to ensure that program-specific QA requirements are satisfied.

How should you use this guidance? You should use this guidance as a tool to structure the
planning activities for collecting environmental data. It should be used to organize meetings,
focus the collection of background information, and facilitate communication between a team that
includes technical experts, program managers, stakeholders, regulators, and decision makers.

0.3  Benefits of Using the DQO Process

The DQO Process integrates a multidisciplinary team and offers the advantages of using
experience and resources of individuals who have different backgrounds, different kinds of
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[image: image12.jpg]knowledge, and who can collectively focus on achieving a successful project conclusion. During
the initial planning stages, the planning team can concentrate on developing requirements for
collecting the data and work to reach consensus on the type, quantity, and quality of data needed
to support Agency decisions. This interaction results in a clear understanding of the problem and
the options available for addressing it, the development of acceptance or performance criteria for
decision making, a consensus-based approach to understanding the problem, and data being
collected of appropriate quality. Organizations that have used the DQO Process have observed
that:

. The structure of the DQO Process provides a convenient way to document
activities and decisions and to communicate the data collection design to others.
This documentation facilitates rapid review and approval by regulators and
stakeholders.

. The DQO Process enables data users and relevant technical experts to participate
collectively in data collection planning and to specify their particular needs prior to
data collection. The DQO process fosters communication among all participants,
one of the central tenets of quality management practices, and directs efforts to
achieving consensus between decision makers, stakeholders, and regulators.

. The DQO Process helps to focus studies by encouraging data users to clarify
vague objectives and to limit the number of decisions that will be made. Due to
this clarification, the consequences of decision errors are examined and correct
decisions will be made most frequently when the DQO Process is employed.

. The DQO Process is a planning tool that can save resources by making data
collection operations more resource-effective. Good planning will streamline the
study process and increase the likelihood of efficiently collecting appropriate and
useful data.

. The DQO Process provides a method for defining decision performance
requirements that are appropriate for the intended use of the data. This is done by
considering the consequences of decision errors and then placing tolerable limits
on the chance that the data will mislead the decision maker into committing a
decision error. A statistical sampling design can then be generated to provide the
most efficient method for managing decision errors and satisfying the DQOs.

Upon implementing the DQO Process, your environmental programs may be strengthened by:

e focused data requirements and optimized design for data collection,
. use of clearly developed work plans for collecting data in the field,
o uniformly documented data collection, evaluation, and use,

. clearly developed analysis plans,
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[image: image13.jpg]sound, comprehensive quality assurance project plans, and
up-front buy-in by stakeholders to the sampling design and data collection process.

This can lead to:

rapid review by regulators and other stakeholders,
defensible results on which to base decisions,

increased credibility with regulators and stakeholders, and
a better use of resources.

Where else can the DQO Process be applied? The DQO Process is widely applicable. For
example, the Department of Energy Environmental Management program considers the following
potential applications for the DQO Process (Grumley, 1994):

EPA QA/G-4

Waste management

- Characterizing waste, using process knowledge verified by minimal
sampling/ analysis data to meet acceptance criteria for treatment, storage,
and disposal.

= Designing optimal monitoring networks for ground water and surface
water discharges, and air emissions.

Environmental restoration

= Focusing regulatory and public concerns associated with remediation.
= Identifying target analytes of concern for remedial activities.
- Determining when remediation has met cleanup levels.

Facility transition and management

- Performing characterization assessments, using existing information or
collecting new data, to verify facilities for environmental management
acceptance.

- Evaluating alternative end-state conditions and planning facility
deactivation in preparation for eventual decontamination and
decommissioning.

= Designing optimized short- and long-term environmental monitoring.

Decontamination and decommissioning

- Determining the location and levels of facility contamination.
. Determining when decontamination and decommissioning is complete.
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	Elements of Systematic Planning 

EPA's elements of systematic planning are stated in Chapter 3 of the EPA Manual 5360 - EPA Quality Manual for Environmental Programs (PDF 169KB)and include: 

· Identification and involvement of the project manager, sponsoring organization and responsible official, project personnel, stakeholders, and experts, etc. (e.g., all customers and suppliers). This element ensures that the study will be designed to address the needs of all vested parties (for example, data users, data generators, data analysts, and other stakeholders). Consulting cross-disciplinary experts familiar with the different technical aspects of the problem ensures that important details of the study are not overlooked or ignored and technical challenges will be addressed appropriately. It is also important to assign responsibilities for the project so that conflicts can be resolved and progress is tracked. For some projects, it may be most effective to create a formal "planning team," while for others, one individual may be responsible for the project and involve other individuals when necessary.

· Description of the project goals, objectives, and questions and issues to be addressed. This element ensures that the participants formulate a clear statement of the project's goals and objectives and therefore understand the purpose of the project and expected results. The objectives reflect a general statement of the intent of a project and how that project is linked to addressing the environmental problem (or contributing to the field of science). The project's questions will define what data or information is needed to address the project's goals and objectives. The transition from the project goals, to statement of objectives, to specific and appropriate questions are some of the most important steps in systematic planning.

· Identification of project schedule, resources (including budget), milestones, and any applicable requirements (e.g. regulatory requirements, contractual requirements). Identifying the available resources and deadlines at the beginning of a project helps ensure the project is feasible and timely. A clear statement of the project's resources, constraints, and deadlines helps prevent potential issues and/or conflicts by determining practical bounds on the project as early as possible. Regulatory, statutory, contractual and other constraints should be considered that might affect the project schedule.

· Identification of the type of data needed and how the data will be used to support the project's objectives. This element focuses on identifying the specific type of data or information needed to complete the project. Types of, sources for, and how to obtain information needed to address the study questions should be listed. Sources may include literature, existing databases, and/or new data collection. By developing a list of the information needed to address the project questions, the project requirements will be clearly defined. In addition, the list may identify other information that will be helpful, or that can be economically collected to facilitate the use of the project results for other purposes. 

· Determination of the quantity of data needed and specification of performance criteria for measuring quality. This element focuses on establishing criteria to ensure that the information and products generated meet the objectives of the project. These quality specifications are established at both the product level and at the level of components of that product, such as the quality of individual measurements. Examples of product-level criteria include EPA's information quality guidelines components -- objectivity, utility, integrity, and reproducibility. Examples of component-level criteria are quality criteria for individual measurements (for example, criteria for precision, bias, accuracy, representativeness, comparability, completeness, and sensitivity) and criteria for decisions or estimates [for example, a stated desired confidence that results will fall within a specified window such as Type I and Type II error rates (false rejection and acceptance error rates), uncertainty intervals, etc.] After the information, data, or product is generated, these criteria are used to determine if they met the project's objectives.

· Description of how and where the data will be obtained (including existing data) and identification of any constraints on data collection. This element focuses on how to amass the data or information needed for a project by collecting new data, using existing data, citing information from other resources, etc. When collecting new data or information, consider where to collect samples (sampling design), when, how to best acquire physical specimens of an adequate size and dimension (sample support) to represent the variable of interest within the sampling unit, questionnaires and survey instruments, sampling technologies, analytical methods, representativeness, etc. When existing data or information (i.e, from models, databases, literature, etc.) is used, consider sources and methods for assembling it. Also consider how the data will be inspected to ensure compatibility with the project's goals and the handling of information/data either through physical custody of samples or the entering of specific information into a database or spreadsheet.

· Specification of QA and QC activities to assess the quality performance criteria (e.g., QC samples for both the field and laboratory, audits, technical assessments, performance evaluations etc.). It is often necessary to plan ahead for QA and QC activities to ensure that a process, item, or service is of the type and quality needed and expected by the customer. QA and QC activities measure the attributes and performance of a process, item, or service against defined standards to verify that it meets the stated requirements. Example of these activities include assessments/audits of field sampling and laboratory activities, QC samples (blanks, duplicates, etc), project reports, and inspections/testing/maintenance of equipment, supplies and consumables, etc.

· Description of how the acquired data will be analyzed (either in the field or the laboratory), evaluated (i.e., QA review, verification, validation), and assessed against its intended use and the quality performance criteria. This element focuses on the reviews of both the information (such as verification and validation) and the project (peer reviews, clearance procedures, etc.). It is important to determine up front how data and information will be summarized, displayed, and communicated; how uncertainty in the information will be determined and accounted for in the final product; and how the information will be used to achieve the project's goals. 
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USING DATA FROM OTHER SOURCES — A CHECKLIST FOR QUALITY CONCERNS

1. Identify the decision you are making or project objectives (a standard part of project planning or hypothesis testing).

2. Identify the data and information from outside sources proposed for the project/decision support. Note that this may not be obvious. Include data bases, maps and literature, and don’t overlook:

• Information and data used to site or time sampling events (meteorology, geology, etc.)

• Anecdotal or other information triggering the study

• Toxicity, exposure, and environmental fate data

• Models and their output

• Census data

• GIS data

3. To avoid investigating information that may not be suitable, determine whether these data have any non-quality constraints affecting their use in the new project/decision support. That is, are there programmatic, legal, or other constraints on the use of the data? Example, is it proprietary or CBI? Does your new project/decision have programmatic constraints requiring only “approved” sources, required peer review or validation of draft data? Obviously, if your proposed data fail these checks, you may not be able to use them, and need not continue down this checklist. If you still plan to use them, you must modify your expectations about the applicability of the project/decision. Check with the program involved. Here are examples:

• CAA Credible Evidence Revisions (FR 62:36, Feb. 24, 1997)

• Federal Rule of Evidence 702

4. If not incidental to step 2, determine where the acquired data will be used in the decision making process. That is, will it be used to scope the new project, contribute to data collection in the project, verify the results of the decision, substitute for all or some new data collection, etc.? 
Case 1: If acquired data will be the basis of comparison for new data, the former’s quality should be investigated first, before the new effort begins. This is to both ensure that it is worth the effort of further study and prevent “apples and oranges” results. An example of what can go wrong when this is not done was in the news when Tulane University withdrew a peer reviewed paper published in Science on the effects of mixtures of estrogen. EPA had already mobilized research efforts based on the results. The researcher (and others) found that EPA Quality Staff May 25, 2004 the results could not be replicated and a study design flaw was suspected (“Tulane University Withdraws Paper That Prompted Health Fears”, NY Times, AP, 8/21/97). This does not imply that all results must be replicated before use, but a consideration of the decision being made as a result of a single study is warranted.

Case 2: If the data are part of scoping or design for more data collection (for example, a pilot project, background historical data, or sample survey), many quality issues can be determined by the resolution of the new effort. If ballpark estimates are good enough, proven reliability of acquired data may be unnecessary. This is especially true if new sampling alone will lead to the decision. Data usability in this case is an individual matter, to be determined by the project manager with statistical help.

Case 3: If the acquired data or information are not directly used to compute results, they will still affect the results. An example is the use of existing locational, geological, hydrological, or meteorology data used to locate or time sample collection. The materials and methods involved in producing these data are one consideration, but the quality assurance system implemented to ensure the results were reliable is also important. The source of this information is frequently public domain and used without question. Beware of assuming it is ok especially if it is critical to the new project/decision. How will it affect the outcome?

Case 4: If the acquired data will totally substitute for any new data collection efforts, a comprehensive analysis of the past quality assurance controls and hypothetical needs may be required. The effect of the data quality on the decision will directly affect the intensity of effort to determine and document the quality of the data. This sounds like circular reasoning, but the scrutiny of the data will need to match the importance of the decision based upon it, and its contribution to the decision. See the annotated references after item 6. The best guidance for this effort is G-4, if the data quality objectives need to be iteratively applied; R-5, if the QAPP needs to be reconstructed, and G-9, for assessing the data in light of the study objectives.

Case 5: A variation of Case 4's substitution for new data collection efforts is a partial substitution of acquired data for new data, for example, in modeling and risk assessment. Some parameters, like environmental concentration data are newly collected, but modeling and other data are EPA Quality Staff May 25, 200 used to infer concentrations in other media, at other times, and in people, animals and plants. Quality concerns can be spread in so many directions, that sorting out the crucial ones seems overwhelming. It has been attempted, however, because the consequences of error are frequently staggering in terms of cost and the health of humans and the environment. See the risk assessment-related references under item 6. 5. Scrutinize data/information for quality concerns pertinent to the intended use. The most straightforward way to approach data quality is to retroactively apply your new data collection standards to the data. For each procedure that was or would have been documented in its QAPP, ask whether it is known and acceptable for the intended use if known. If unknown, first, is it important to the new project/decision, and second, can it be discovered or inferred? This implies the use of the “graded” approach. The ultimate set of quality standards for judging the data are those dictated by the intended use.

For Cases 1, 2, 4, 5: Begin by applying data quality objectives, or discerning those of the existing study (for Case 1). EPA QA/G-9, Box 1.1-1: Example Applying the DQO Process, Retrospectively (1 page).

Note: Some programs already document decisions based on data from specified outside sources. The decision to use the data is specified by direct comparison with program criteria for their acceptance. The program’s decision to use outside sources is presumably made based on their DQOs, documented as such and kept for the public record. The concerns over the data quality are therefore relatively specific given the same source and same type of decision. For example, if public utility data is always the source of emissions inventory data used in setting emissions standards; the program should have DQO-derived acceptance criteria. A valid question is whether all standards can be set with comparable quality if there are fewer data points for one as opposed to many for another. A statistician can help to answer this question for any particular data set.  Examples of these programs within EPA include ETV, some air and solid waste rule making and standards, etc. The program QA managers can direct users to these DQOs and data acceptance criteria, and possibly model QAPPs for their use.

For Case 3: For instances where data/information are used in a project or decision that are not the quantitative result per se, some critical thinking is involved. Qualitative information can not be compared readily to DQOs, but their effect on the outcome should be examined. If it is important to the decision, a justification for using it should be supplied. 
For quantitative data derived in other studies yet important to designing, sampling, or modeling results, the quality EPA Quality Staff May 25, 200 should be noted if a “devil’s advocate” approach indicates that problems with its quality could alter project outcomes/decisions.
Many of these concerns are routinely left for study users to consider by simply noting the source of the information and possibly how or why it was used. If a future user of the information has a problem with NOAA’s climate data, they know the study used it. If less familiar sources of information are used, for example a local hydrogeological study for placement of samples, or local reports on presence of certain species key to sampling locations, the reasons for accepting their quality should be sought and noted if it is key to the project/decision. 
For investigations of certain quality aspects of acquired information, see the guidance for the other cases.  Example for comparing information to intended use: If the acquired data represent historical pollutant loads in a water body measured in the spring and the decision to be made must address year-round loading, this must be acknowledged as a factor biasing the decision, if the decision can be made at all. 
Whether the data were collected with adequate QA oversight, acceptable methods, by trained samplers, and analyzed with proper holding times, accurate methods with acceptable detection limits may be met. If temporal concerns are not important to the decision, but the absolute concentration will trigger a decision of great importance, a thorough examination of the QA and QC practices by the data collectors would be essential.  

6. Document your analysis plan in a QAPP. If the project also includes some new data collection, list and indicate your intention to investigate the acquired data based on anticipated effects upon the results of that effort. The acquired data investigation results may be a determining step in a decision to proceed with data collection. If the acquired data is substituted for any new data collection efforts, a QAPP is still required. 
Remember that the graded approach does apply, and many sections of the QAPP will not apply if there is no new data collection. Depending upon the nature of the decision being made, very little may be required. Turn to QA staff, QA and other guidance for specific assistance in documenting your use of acquired data.  

Remember that the original data/information collector(s) may also be the best source of information on the quality system under which it was collected. This information, also called “meta data” may not be published, but it may yet exist. Unfortunately, even if QA requirements exist, it may be difficult to determine if they were followed. For example, even the original sampling and analysis plan or QAPP may not have been followed as written.

7. Execute your analyses and document the outcome appropriately (for the program’s graded approach) relevant to the decision or project. 5 EPA Quality Staff May 25, 200.
Useful References

The following sources may be useful in the development of acceptance criteria/limitations for the use of data collected for other purposes in order to ensure that it is adequate for the new purpose. This acceptance criterion is documented in a Quality Assurance Project Plan. Note that is some EPA programs, a legislative mandate can determine how the Agency uses data from outside. 
Examples include the:

a. CAA Credible Evidence Revisions (FR 62:36, Feb. 24, 1997) and Federal Rule of 
Evidence 702. Chalmers, I.; Altman, D.O., eds. Systematic Reviews (London, 
United Kingdom: BMJ Publishing Group 1995)

b. Ducharme, M.K.; Licklider, B.L.; Matthes, W.A.; Vannatta, R.A., Conceptual and 
Analysis Criteria: A Process for Identifying Quality Educational Research (Des 
Moines, IA: FINE Foundation 2000)

c. Fink, Arlene, Conducting Research Literature Reviews: from paper to the Internet 
(Thousand Oaks, CA: Sage Publications, Inc. 1998)

d. Greenhalgh, T., How to Read a Paper: The Basics of Evidence Based Medicine 
(London, United Kingdom: BMJ Publishing Group 1997) 

e. Exposure Factors Handbook, Volume I of III - General Factors, Update to Exposure 
Factors Handbook, EPA/600/8-89/043 - May 1989 (EPA/600/P-95/002Ba, 
August 1996, SAB Review Draft).

f. Guidance for Data Useability in Risk Assessment (Part A & B), April & May 1992, 
9285.7-09A&B, Superfund.

g. Kollig, H.P. 1988. Criteria for Evaluation the Reliability of Literature Data on 
Environmental Process Constants. Toxicological and Environmental Chemistry 
17(4):287-311. 
h. Kollig, H.P. 1990. A Fate constant Data Program. Toxicological and Environmental 
Chemistry 25(2-3):171-179.

i. Kollig, H.P. and B.E. Kitchens, “Problems Associated with Published Environmental 
Fate Data”. Toxicological and Environmental Chemistry 28(2-3):95-103.

j. Kollig, Heinz. 1993. Environmental Fate Constants for Organic Chemicals Under 
consideration for EPA’s Hazardous Waste Identification Projects. U.S. EPA, 
Athens, GA, EPA/600/R-93/132.6 EPA Quality Staff May 25, 200

k. Kollig, H.P. 1995. Environmental Fate Constants for Additional 27 Organic Chemicals 
Under Consideration for EPA’s Hazardous Waste Identification Projects. U.S. 
EPA, Athens, GA, EPA/600/R-95/039.

l. Nolan, Melvin, “ORD-NCEA Guidelines for Developing QAPPs for Research Projects 
Using Existing Peer Reviewed Literature and Meta-data, and Secondary Data”, 
ORD/National Center for Environmental Assessment.

m. Schumacher, B.A. and Conkling, B. L. User’s Guide to the QA/QC Evaluation Scale 
of Historical Datasets (17p), December 20,1990, unpublished manuscript. First 
author currently with EPA in Las Vegas.
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