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Environmental Monitoring Coalition
Meeting Summary
Monday – October 25, 2021 at 3:00 pm ET
Login – GoToMeeting


1.	The meeting was called to order at 3:01 pm ET by Jerry Parr, Chair

2.	Roll call – Uttenweiler – see attached at the end of the summary

3.	September Minutes

Provided separately for review.  There was no discussion.

4.	EMC Action List

The spreadsheet has been updated to reflect events over the past month. Note the backlogged EPA items have now been moved into active.

The monthly agenda also will include attached documents as GoogleDocs does not appear to be updated changed documents as needed.  

Some of the items that were considered completed have been changed back to active.

https://docs.google.com/spreadsheets/d/12nGz4B6Kb3-3bmB-rO_mYeYYlgjWy3wS/edit?usp=sharing&ouid=109747537366277579031&rtpof=true&sd=true 

5.	Update on Current Activities

Collision Reaction Cell Technology – Friedman/Burrows

[bookmark: _Hlk80175011]Problem Statement:  Collision/Reaction Cell (CRC) technology for ICP-MS analysis has been around for 15 years and has shown to reduce interferences and improve the accuracy of results. This technology is allowed in Method 200.8 for wastewater but not for drinking water. The objective of this effort is to get EPA to approve use of this technology for drinking water analysis. 

David Friedman has reached out to Jack Creed regarding feedback from Dan Hautman.  There has been no response from Creed.  Will Adams from Dan Hauptman’s office discussed that there would be a review to discuss the status of data needed to be provided from the work group.

Jerry took the ATP process in the drinking water document created a secondary document on this issue also for consideration.  The discussion does not change the method itself.  The data set needed should be defined to move the final efforts forward.

There was a short discussion on what else might be needed to finalize the effort.

Update:  https://docs.google.com/document/d/1QIOJ_wzzRhilcmTC75QsOhFxuie5xy1z/edit?usp=sharing&ouid=109747537366277579031&rtpof=true&sd=true 

Acrolein/Acrylonitrile Holding Time Study – Friedman

Problem Statement:  The sample preservation for acrolein and acrylonitrile in aqueous samples mandated in the Clean Water Act and RCRA programs is acidification to pH 4 – 5.   This differs from the pH <2 specification for other VOA’s.  The goal of this effort is to determine if (1) pH <2 preservation is appropriate for acrolein and acrylonitrile and (2) a 14-day holding time is valid, and then (3) to get EPA to change their preservation requirements.

Update:  No progress since last meeting. Still waiting on meta data from labs. More effort is needed to address issues with the high bias and rounding errors with the surface and wastewater 2 samples.

There is no update as of this time.

Update on Initial Demonstration of Capability for Drinking Water Methods– Parr

[bookmark: _Hlk80257774]Problem Statement:  Most EPA drinking water methods require that laboratories conduct an Initial Demonstration of Capability which includes verifying that the Half Range Prediction Interval of Results (HRPI) for all analytes is within limits published in the method.  This requirement has proven difficult to meet for methods which contain many analytes. The EPA drinking water program agrees and only requires that the HRPI be met for regulated drinking water analytes.  The objective of this effort is to convince states and other assessors to adopt this posture.

Update:  In the September call, it was decided EMC needs to develop guidance on this topic. 

https://docs.google.com/document/d/1in-movwiaDpTHAoEr0n5QSMwDtTifnTn/edit?usp=sharing&ouid=109747537366277579031&rtpof=true&sd=true 

Jerry Parr has started a document that needs additional work.  Some recommendations are started.  The issue is particular to drinking water methods only.  There was a general discussion on the uniqueness of the issue and how it can be dealt with by a laboratory.  The draft sent by Jerry Parr needs input.  Some editing took place during discussion.  Jack Farrell will review before the next meeting in November 2021. 

Jerry will continue to edit the document based on Jack Farrell’s feedback.  Mike Delaney will also assist with the editing.  After completion, the document will be posted to the various group websites.

QC Criteria Effort – 608.1, 624 and 625. - Parr

Problem Statement:  When EPA published these revised methods as part of the 2017 Method Update Rule, the QC criteria in the methods was not updated because EPA did not have the data to support a change. The objective of this effort is to compile such data from member organization laboratories and provide it to EPA so they can update the method QC criteria.

Update:  No progress since last meeting.

No new update on this topic.

Final Letter to John Griggs of EPA

Statement:  EMC is finalizing a letter to John Griggs of EPA on Instrument Calibration

Two new tables of data were provided by Richard Burrows to provide more depth of detail.  The content of the letter was not changed even with the added table information.  There was a short discussion about whether the letter was suggesting one method or a choice.  The letter allows for the choice if appropriate.  The letter does discuss a calculator to find information.

There was a discussion about including a link to the calculator.  There also was a discussion about whether or not the calculator needs to be validated and locked so that the information cannot be changed.  

Jerry Parr will review and include the link to the letter once confirmed.

There was agreement to send out the letter without negative comments.  [Note:  after this discussion, the letter was finalized, sent to John Griggs (embedded below) and he acknowledged receipt.]




Collaboration with EPA letter – Parr

[bookmark: _Hlk80260172]Problem Statement:  EMC would like to collaboratively work with EPA on method, quality control, and accreditation issues.

Update:  The letter was sent on September 29 and a response received from EPA on October 4.  Jerry has prepared a draft of a briefing package and suggest EMC review and finalize this and then begin working on Action Items 1, 2, and 3.

Draft Briefing Package
https://docs.google.com/presentation/d/10gVlyWAgWGx_QX3ixquaFbBmjPooqahy/edit?usp=sharing&ouid=109747537366277579031&rtpof=true&sd=true 

Updated Issue Report

https://docs.google.com/document/d/1TFjIigYyCHfV1AYnrZJGkHBhJCH386J8/edit?usp=sharing&ouid=109747537366277579031&rtpof=true&sd=true 


There is no new word from EPA regarding a final date and time for the EPA meeting.  

David’s outline (embedded below) is designed to help guide the meeting.  This document is in addition to the PowerPoint provided by Jerry Parr.  




A discussion ensured to discuss and compare the information included in the two outlines for the meeting.  The bottom line of the discussion was that both essentially had the same intent and direction.  

It would be beneficial to demonstrate that EMC is working to continue the laboratory community’s efforts to continue to help EPA.  EMC wants to assist EPA on areas of focus going forward.  It should be understood that EMC consists of a number of groups including laboratories, state groups, other technical communities in the face of the disbanding of ELAB by the prior administration. We should provide more details in the examples of some of the accomplishments to date. Other brainstorming ideas  included:
· Problem statement
· Partnership
· Mobilize monitoring community
· Consensus manner
· ELAB
· Goal: Codify relationship to allow EPA method folks to easier reach out to a broad community.
· Secondary Goal: Work with VCBS
· Provide expert advice


The concept of a partnership between EPA and EMC should be stressed. Jerry Parr, Judy Morgan, Jay Gandhi, David Friedman and William Lipps will work on the briefing package before the next meeting in November 2021.

During the extended discussion, Lemuel Walker suggested that EMC should acknowledge there already is ongoing cooperation with EPA.  The approach should focus on past successes that already have taken place and ensure that it is clear that EPA has cooperated with the laboratory and environmental monitoring communities.  There is a need to show how EMC is already working with EPA.  

Use of correlation coefficient to evaluate calibration curves - Parr

Problem Statement:  Many environmental test methods allow for the use of correlation coefficient (r) and/or coefficient of determination (r2) even though this has been proven to be inappropriate.

Update:  Jerry updated the letter with more examples. As shown in the revised letter, data are now presented for 3 compounds by TOF-MS and 3 compounds by triple-quad MS.

Revised Letter:
https://docs.google.com/document/d/1AV4jelVuTE9H3KhXRvzuz1gs-pw8xpcj/edit?usp=sharing&ouid=109747537366277579031&rtpof=true&sd=true 

Updated Issue Report

https://docs.google.com/document/d/1GxTdiXK3nzUYN87OlveZnUiO_AoqUtX0/edit?usp=sharing&ouid=109747537366277579031&rtpof=true&sd=true 


6.	Potential New Business

EMC needs to look at Method 1633.  William Lipps, Jerry Parr, and Kathleen Young, someone from Eurofins through Richard Burrows, and someone from Pace per Judy Morgan.

With the end of the year approaching, it was discussed that another organization should be taking over the duties of meeting organization and minutes to replace ACIL.  Jerry Parr will pursue the issue.

7.	Any other business 

There being no further business, the meeting ended 4:13 pm ET.


Respectfully submitted,


Robert Uttenweiler
ACIL Section Executive Officer



Attachment 1.  Roll Call

	Members
	Organization
	P / A

	Jordan Adelson
	US Navy (DOD EDQW)
	P

	Kristin Brown
	Utah DOH
	A

	Richard Burrows
	Eurofins
	P

	Michael Delaney
	MRWA (retired)
	P

	David Friedman - Vice Chair
	ACIL
	P

	Jay Gandhi
	Metrohm
	P

	Mary Johnson
	Rock River Reclamation District (WEF)
	P

	Kitty Kong
	Chevron
	P

	William Lipps
	Shimadzu
	P

	Sharon Mertens
	Milwaukee MSD (TNI)
	A

	Judy Morgan
	Pace Analytical (ACIL)
	P

	Jerry Parr - Chair
	TNI
	P

	Steven Rhode
	MWRA (APHL)
	P

	David Thal
	Environmental Standards
	A

	Sarah Wright / Erin Morin
	APHL
	A

	Staff / Invited Guests
	
	

	Tarun Anumol
	Agilent Technologies
	P

	Richard Bright
	ACIL
	A

	Jack Farrell
	AEX
	P

	Michael Flournoy
	Independent Consultant
	A

	Zach Mandera
	Oregon DEQ
	P

	Brad Meadows
	Babcock Laboratories
	A

	Lori Pillsbury
	Oregon DEQ
	A

	Robert Uttenweiler
	ACIL
	P

	Kathleen Young
	PerkinElmer
	P

	EPA
	
	

	Dan Hautman
	EPA OW OGWDW
	A

	Adrian Hanley
	EPA OW OST
	A

	Kim Kirkland
	EPA 
	P

	Troy Strock
	EPA
	A

	Sarah Burket
	EPA OW OST
	A

	Lemuel Walker
	EPA OW OST
	P

	Brian D’Amico
	EPA
	A

	Sandip Chattopadhyay
	EPA
	P

	Jesse Pritt
	EPA OW OST
	P




[image: ]envmoncoalition.org/


image1.emf
EMC_letter_r2_EPA_ 211025.pdf


EMC_letter_r2_EPA_211025.pdf


envmoncoalition.org/ 


 


 


October 25, 2021 
 
John Griggs 
Environmental Methods Forum 
US Environmental Protection Agency 
Washington, DC 20460 
 
It is our understanding that you now chair EPA’s Environmental Methods Forum whose stated goal is to 
address issues such as analytical methods for emerging contaminants and issues associated with 
method development and validation.  
 
The Environmental Monitoring Coalition (EMC) was created in 2020 to address a void created by the 
dissolution of EPA Environmental Laboratory Advisory Board. Founding EMC partner organizations 
include: 


• American Council of Independent Laboratories, 


• Association of Public Health Laboratories, 


• The NELAC Institute, and 


• Water Environment Federation. 
 
EMC was established in response to the need for the environmental monitoring community to have a 
mechanism to develop consensus opinions on issues effecting environmental monitoring. One issue 
brought to EMC’s attention relates to the use of correlation coefficient (r) and coefficient of 
determination (r2) as measures of calibration quality in EPA methods that that rely on generation of 
calibration curves. 
 
It is now 40 years since Van Arendonk and Skogerboe stated “One practice that should be discouraged is 
the use of the correlation coefficient as a means of evaluating goodness of fit of linear models.”1 and 23 
years since the International Union of Pure and Applied Chemistry pointed out that “The correlation 
coefficient, which is a measure of two random variables, has no meaning in calibration…”.2 As well as 
being technically incorrect, the use of r and r2 as measures of calibration quality cause many practical 
problems. Both measures strongly favor reducing relative residuals at the top end of the calibration 
curve, at the expense of accuracy at the lower end of the curve. It is common to observe calibration 
curves that pass method criteria for r and r2, while introducing relative error of over 100% at the low 
end of the curve. Conversely calibrations that have reasonably low error across the calibration may fail r 
and r2 criteria while being perfectly reasonable to use. 
 
Superior alternatives to r and r2 are readily available and are already included in most EPA methods. 
Relative Standard Error (RSE) is included in SW-846 method 8000 and in 40 CFR Part 136. The RSE 
provides a single number to provide a measure of curve quality and is a far superior alternative to r and 
r2.  Note:  A link to an Excel spreadsheet to calculate RSE can be found here:  https://nelac-
institute.org/docs/comm/emmec/Basic%20RSE%20calculatorv4.xlsx.  


 
1 Anal. Chem. 53, 1981, 2349-2350 
2 IUPAC, Pure & Appl. Chem. 70(4), 993– 1014 (1998)  



https://envmoncoalition.org/

https://nelac-institute.org/docs/comm/emmec/Basic%20RSE%20calculatorv4.xlsx

https://nelac-institute.org/docs/comm/emmec/Basic%20RSE%20calculatorv4.xlsx





 


 


Alternatively, Relative Error (RE) can be used to evaluate individual points within the curve. Relative 
error is included in method 8000 and is the primary method of calibration evaluation in drinking water 
methods. RSE or RE are required in the laboratory accreditation standards published by The NELAC 
Institute (TNI).  However, the TNI requirements only affect a small population of laboratories as the 
majority of states do not accredit/certify wastewater or hazardous waste laboratories. 
 
Attachment 1 provides some data showing that curves with a perfect coefficient of determination 
(1.000) can have errors of over 1000% at low concentrations while calibration curves with r2 as low as 
0.958 can have an RSE of < 20%. “For almost any calibration, the correlation coefficient and coefficient 
of determination lead us in the direction of choosing the wrong calibration.”3 
 
Addition of RSE and RE to EPA methods over the last few years is a great improvement. Unfortunately, in 
SW-846 Method 8000 the language is not very clear regarding the use of r or r2 in conjunction with 
RSE/RE. Some people make the interpretation that they are alternatives, others that they are both 
required. 40 CFR Part 136 has a similar issue. Section 136.6 (b) (4)(x) indicates RSE “may” be used and 
does not discuss RE. 
 
Ideally, for clarity, and to eliminate the use of outdated and inferior measures of calibration quality, r 
and r2 need to be removed from EPA all methods, and in particular EPA approved methods. This is 
clearly possible, since most drinking water methods currently do not include r or r2. 
 
For SW-846 method 8000 removing r and r2 alone is sufficient. There is no need for anything to be 
added since RSE and RE are already in place. See Attachment 2.  It is critically important that the 
language in the second paragraph of 11.5.6.3 which suggests a calibration curve with an R2 of <0.99 
would not be acceptable be removed as the data in Attachment 1 shows very good data can be obtained 
from curves which do not meet this criterion. 
 
For wastewater methods RSE and RE need to be added to replace the existing language in every EPA 
method in Part 136.  We understand this could be a difficult process, especially for older methods not 
codified in Part 136. Alternatively, Section 136.6 could be revised in the next Method Update Rule as 
shown in Attachment 3. 
 
An alternative to the two approaches described above would be for the Environmental Methods Forum 
to issue a policy statement acknowledging that using correlation coefficient or coefficient of 
determination as measures of calibration quality in EPA methods that that rely on generation of 
calibration curves is an outdated concept that should be replaced with RSE or RE. An example of such a 
statement is provided in Attachment 4. 
 
A more detailed discussion of these issues is available.4  It is also worth noting that the problems caused 
by r and r2 become even more acute with modern instrumentation such as triple quadrupole GCMSMS, 
because of the wider working range that is possible. 


 
3 Burrows, Richard, Modern Mass Spectrometers and the Correlation Coefficient:  Are they Compatible?, National 
Environmental Monitoring Conference, August, 2021 
4 Evaluating the Goodness of Instrument Calibration for Chromatography Procedures, LCGC, October 2020, Richard 
Burrows and Jerry Parr. https://www.chromatographyonline.com/view/evaluating-the-goodness-of-instrument-
calibration-for-chromatography-procedures 



https://www.chromatographyonline.com/view/evaluating-the-goodness-of-instrument-calibration-for-chromatography-procedures

https://www.chromatographyonline.com/view/evaluating-the-goodness-of-instrument-calibration-for-chromatography-procedures





 


 


We would like to have the opportunity to discuss this issue further. Please contact either of use to set up 
a meeting.  
 
Sincerely, 
 


Jerry Parr        David Friedman 


 
Jerry Parr       David Friedman 
EMC Chair       EMC Vice-chair 
jerry.parr@nelac-institute.org     friedmanconsulting@outlook.com 
1-817-308-0449       1-703-389-3821 
 
CC  Adrian Hanley, OW OST 


Dan Hautman, OW OGWDW 
Kim Kirkland, OLEM ORCR 
Robin Segall, EMC OAR 
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Attachment 1:  Comparison of R2, %RE and %RSE for Selected Compounds 


 


Modern Mass Spectrometers and the Correlation Coefficient:  Are they Compatible? 


Richard Burrows 


August 4, 2021 - National Environmental Monitoring Conference 


 
Table 1.  Analysis by Time-of-Flight Mass Spectrometry 
 


Analyte Linear Unweighted Quadratic Unweighted 


 R2 RE, % RSE, % R2 RE, % RSE, % 


Hexadecane 0.998 1109 213 1.000 326 134 


2,4,5-Trichlorophenol 0.996 1335 535 1.000 220 90.4 


Chrysene 0.999 166 62.4 1.000 142 68.7 


       


Analyte Linear Weighted Quadratic Weighted 


 R2 RE, % RSE, % R2 RE, % RSE, % 


Hexadecane 0.963 <30 18.5 0.986 <30 13.2 


2,4,5-Trichlorophenol 0.958 <30 19.8 0.985 <30 13.8 


Chrysene 0.985 <30 11.7 0.987 <30 12 


 


Table 2.  Analysis by Triple Quad Mass Spectrometry 
 


Analyte Linear Unweighted Quadratic Unweighted 


 R2 RE, %  R2 RE, %  


2,4-Dinitrophenol 0.995 186     


Benzo(ghi)perylene 0.999 11260     


Pentachlorophenol    0.998 14638  


       


Analyte  Quadratic Weighted 


    R2 RE, %  


2,4-Dinitrophenol    0.993 <30  


Benzo(ghi)perylene    0.981 <30  


Pentachlorophenol    0.98 <30  


 


Figures 1-4 show linear and quadratic curves with no weighting and 1/concentration2 weighting for 


hexadecane and 2,4,5-Trichlorophenol using Time-of-Flight mass spectrometry.   


Figures 5-10 show linear and quadratic curves with no weighting and 1/concentration2 weighting for 2,4-


Dinitrophenol, Benzo(ghi)perylene, and Pentachlorophenol using triple-quad mass spectrometry. 


The table above and the calibration curves clearly demonstrated that weighting is better than no 


weighting and that a quadratic fit is better than a linear fit for both polar and non-polar compounds for 


different technologies. 


 


  







 


 


Attachment 2:  Language for Method 8000D on Initial Calibration with Suggested Changes 


 


11.5.1  Linear calibration using average calibration or response factor 


 


As calculated in Sec 11.4, each CF or RF represents the slope of the line between the origin and the given 


standard response. If the relative standard deviation (RSD) of variation in the factors is ≤ 20%, the linear 


model is generally representative over the range of calibration standards. 


 


11.5.1.1  If the RSD is ≤20% over the calibration range, the slopes of the lines for each standard 


are sufficiently close to one another that the use of the linear model is generally appropriate over the 


range of standards that are analyzed; or may be used to determine sample concentrations. Alternatively, 


either of the two methods described in 11.5.4 may be used to determine calibration function acceptability.  


 


NOTE: The RSD approach is equivalent to a 1/x2 weighted linear least square regression line that is 


forced through the origin. 11.5.1.2  


 


Given the potentially large numbers of analytes that may be analyzed in some methods, it is likely that 


some analytes may exceed the acceptance limit for the RSD for a given calibration. In those instances, it 


is recommended, but not required, that corrective actions as described in Sec. 11.5.6.1 be followed. Sec. 


11.5.6.1 also provides alternative uses for initial calibrations that do not meet their criteria of 


acceptability. 


 


11.5.2  Linear calibration using a least squares regression 


 


11.5.2.2  In the specific case of an unweighted linear least squares regression (i.e., a regression that 


varies both a and b), the correlation coefficient (r) can be used to measure the "goodness of fit." 


 


The instrument data system will typically calculate r. An r-value of +1.00 indicates a positive perfect 


correlation; an r-value of -1.00 indicates a negative perfect correlation; an r-value of 0 indicates no 


correlation.  


 


However, if the regression line is forced through the origin or the weighting factor is variable, then the 


coefficient of determination, more often termed r 2 , should be used to measure the "goodness of fit”, such 


that 0 ≤ r² ≤ 1. This shows the strength of the association between x and y. The r 2 value allows the 


analyst to determine the percent of the data closest to the line of best fit. For consistency, it is acceptable 


to use r 2 for linear unweighted curves as well. An r 2 value of 1.00 indicates that all variability in 


response is due to variation in concentration.  


 


In order for the linear regression model to be used for quantitative purposes, r or r 2 should be ≥ 0.995 or 


0.99, respectively. Alternatively, either of the two methods described in Sec. 11.5.4 may be used to 


determine whether the calibration function meets acceptance criteria. It is recommended that the resulting 


calibration curve be inspected by the analyst as described in Sec. 11.5.4.1. 11.5.2.3. 


 


11.5.3.1 Linear and non-linear least squares regressions are mathematical methods that minimize 


differences (the residuals) between observed instrument response, yi, and calculated response, yi’, by 


adjusting coefficients of the polynomial (a, b, c, and d) to obtain the polynomial best fitting the data.  


 


The coefficient of determination (r 2 ) may be used as a measure of goodness of fit. See Sec. 11.5.2.2 for 


the definition of r 2 .  


 







 


 


11.5.3.2 Under ideal conditions (i.e., a "perfect" fit of the model to the data), the r 2 will equal 1.00. In 


order to be an acceptable non-linear calibration, the r 2 must be ≥ 0.99. Alternatively, either of the two 


methods described in 11.5.4 may be used to determine calibration function acceptability. It is 


recommended that the resulting calibration curve be inspected by the analyst, as described in Sec. 


11.5.4.1. 


 


11.5.4 Acceptance criteria independent of calibration model  


 


Either of the two procedures described in Secs. 11.5.4.1 and 11.5.4.2 may be used to determine 


calibration function acceptability for linear and non-linear curves. These include refitting the calibration 


data back to the model. Both % Error and Relative Standard Error (RSE) evaluate the difference between 


the measured and the true amounts or concentrations used to create the model. 


 


Percent error between the calculated and expected amounts of an analyte should be ≤ 30% for all 


standards. For some data uses, ≤50% may be acceptable for the lowest calibration point. 


 


The RSE acceptance limit criterion for the calibration model is the same as the RSD limit for or in the 


determinative method. If the RSD limit is not defined in the determinative method, the limit should be set 


at ≤20% for good performing compounds and ≤30% for poor performing compounds. A list of known 


poorly performing compounds can be found in Sec. 16 of this document. 


 


11.5.6.1  Corrective action may be needed if the calibration criteria (RSD/r 2 and %Error/RSE) are 


not met. If any analyte for any calibration standard has a percent error > ±30% as described in 


Section11.5.4.1, corrective action may be needed. Some recommended courses of action and additional 


options for modifying the calibration ranges follow. More specific corrective actions that are provided in 


the applicable determinative methods will supersede those noted in Method 8000. Generally, the 


calibration should not be used for quantitative analyses of that analyte when the calibration criteria 


(RSD/r 2 and % Error/RSE) are not met. 


 


11.5.6.2  For all calibration models the following options are allowed. However, if none result in 


an acceptable calibration, a new initial calibration must be performed.  


 


11.5.6.3  Generally, the first option is to check the instrument operating conditions. The suggested 


maintenance procedures in Sec. 11.11 may be useful in guiding such adjustments. This option will apply 


in those instances where a linear instrument response is expected. It may involve some trade-offs to 


optimize performance across all target analytes. For instance, changes to the operating conditions 


necessary to achieve linearity for problem compounds may cause the RSD for other compounds to 


increase, but as long as all analytes meet the RSD limits for linearity, the calibration is acceptable. If the 


initial calibration for any analyte does not meet the acceptance criteria (e.g., RSD/RSE > 20% or r 2 < 


0.99), the analyst may wish to review the results (proper identification, area counts, calibration or RFs, 


and RSD/RSE) for those analytes to ensure that the problem is not associated with just one of the initial 


calibration standards. 


 


If criteria for RSD/RSE/r 2 has been met for the calibration model but the % error of one or more of the 


individual calibration points at the extreme ends of the calibration range exceeds the criteria described in 


Sec. 11.5.4.1, the usable range of the calibration may be narrowed to the standards that meet the % error 


criteria, but the calibration points used to generate the initial curve are retained. The LLOQ becomes the 


lowest end of the adjusted calibration range. The calibration model should meet the RSD/RSE/r 2 criteria 


(Secs. 11.5.1 – 11.5.3) and the minimum number of data points (Sec. 11.5.3.1) before this option can be 


used. 
  







 


 


Attachment 3:  Suggested Changes for Instrument Calibration for EPA Wastewater Methods 
 


Suggested Preamble Language 
 
Most of the wastewater methods developed by EPA in the last 40 years, including those promulgated in 
Part 136, contained a general statement such as this language from section 7.2.2 of Method 625: 


 
Calculate response factors for each compound using equation 1.. If the RF value over the working 
range is constant (< 35%), the RF can be assumed to be invariant and the average RF can be 
used for calculations. Alternatively, the results can be used to plot a calibration curve of response 
ratios, As/Ais, vs. concentration ratios Cs/Cis. 


 
No criteria were given as to how to evaluate such a curve.  In the 2017 Method Update Rule, EPA 
promulgated Methods 608.3, 624.1 and 625.1 and the language was revised to read: 
 


Calculate the mean (average) and relative standard deviation (RSD) of the response factors. If 
the RSD is less than 35%, the RF can be assumed to be invariant and the average RF can be 
used for calculations. Alternatively, the results can be used to fit a linear or quadratic regression 
of response ratios, As/Ais, vs. concentration ratios Cs/Cis. If used, the regression must be 
weighted inversely proportional to concentration. The coefficient of determination (R2; Reference 
10) of the weighted regression must be greater than 0.920 (this value roughly corresponds to the 
RSD limit of 35%). Alternatively, the relative standard error (Reference 11) may be used as an 
acceptance criterion. As with the RSD, the RSE must be less than 35%. If an RSE less than 35% 
cannot be achieved for a quadratic regression, system performance is unacceptable and the 
system must be adjusted and re-calibrated. 


 
Reference 10. http://en.wikipedia.org/wiki/Coefficient_of_determination (accessed on 09/10/2013)  
Reference 11. 40 Code of Federal Regulations 136.6(b)(4)(x) 
 
Because the older methods do not address the evaluation of calibration curves that do not use the 
average response factor approach and because having two very different criteria in the 2017 methods 
created confusion in the laboratory community, EPA is revising Section 136.6(b)(4)(x) to clearly indicate 
RSE (or RE) is the preferred approach. 
 
Suggested Changes to the Test of 136.6 (b)(4)(x) 
 
Changes in calibration model.   
(A) Linear calibration models do not adequately fit calibration data with one or two inflection points.  For 
example, vendor-supplied data acquisition and processing software on some instruments may provide 
quadratic fitting functions to handle such situations.  If the calibration data for a particular analytical 
method routinely display quadratic character, using quadratic fitting functions may be acceptable.  In such 
cases, the minimum number of calibrators for second order fits should be six, and in no case should 
concentrations be extrapolated for instrument responses that exceed that of the most concentrated 
calibrator.  Examples of methods with nonlinear calibration functions include chloride by SM4500-Cl-E-
1997, hardness by EPA Method 130.1, cyanide by ASTM D6888 or OIA1677, Kjeldahl nitrogen by PAI-
DK03, and anions by EPA Method 300.0.  
 
(B) As an alternative to using the average response factor, the quality of the calibration may bemust be 
evaluated using the Relative Standard Error (RSE) or Relative Error (RE). The acceptance criterion for 
the RSE/RE is the same as the acceptance criterion for Relative Standard Deviation (RSD), in the 
method.  
 
RSE is calculated as:  


 







 


 


 


where:  
x'i = Calculated concentration at level i  
xi = Actual concentration of the calibration level i  
n = Number of calibration points  
p = Number of terms in the fitting equation (average = 1, linear = 2, 
quadratic = 3)  
 


Relative Error (RE) is calculated using the following equation: 
 


 


% 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐸𝑟𝑟𝑜𝑟 =  
𝑥′𝑖−𝑥𝑖


𝑥𝑖
× 100     


 
xi = True value for the calibration standard 
x’i = Measured concentration of the calibration standard 
 
This calculation must be performed for two (2) calibration levels: the standard 
at or near the mid-point of the initial calibration and the standard at the lowest 
level.  
 


(C) Using the RSE/RE as a metric has the added advantage of allowing the same numerical standard to 
be applied to the calibration model, regardless of the form of the model.  Thus, if a method states that the 
RSD should be ≤ 20% for the traditional linear model through the origin, then the RSE/RE acceptance 
limit can remain ≤ 20% as well. Similarly, if a method provides an RSD acceptance limit of ≤ 15%, then 
that same figure can be used as the acceptance limit for the RSE. The RSE may is to be used as an 
alternative toinstead of correlation coefficients and coefficients of determination for evaluating calibration 
curves for any of the methods at Part 136. If the method includes a numerical criterion for the RSD, then 
the same numerical value is used for the RSE/RE. Some older methods do not include any criterion for 
the calibration curve – for these methods, if RSE/RE is used the value should be ≤ 20%. Note that the use 
of the RSE is included as an alternative to the use of the correlation coefficient as a measure of the 
suitability of a calibration curve. It is not necessary to evaluate both the RSE and the correlation 
coefficient.  


  







 


 


Attachment 4:  Suggested Policy Memo 
 
MEMORANDUM 
 
Subject:  Use of correlation coefficient (r) and coefficient of determination (r2) as measures of calibration 
quality  
 
Some older EPA methods use a correlation coefficient (r) and coefficient of determination (r2) as 
measures of calibration quality.  Such measures are now considered inappropriate and the Environmental 
Methods Forum recommends these measures not be used and instead use Relative Standard Error 
(RSE) or Relative Error (RE) to evaluate calibration curves as an alternative to using the average 
response factor. 
 
RSE is calculated as:  


 


 


where:  
x'i = Calculated concentration at level i  
xi = Actual concentration of the calibration level i  
n = Number of calibration points  
p = Number of terms in the fitting equation (average = 1, linear = 2, 
quadratic = 3)  
 


Relative Error (RE) is calculated as: 
 


% 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐸𝑟𝑟𝑜𝑟 =  
𝑥′𝑖−𝑥𝑖


𝑥𝑖
× 100     


 
xi = True value for the calibration standard 
x’i = Measured concentration of the calibration standard 
 
This calculation must be performed for two (2) calibration levels: the standard 
at or near the mid-point of the initial calibration and the standard at the lowest 
level.  
 


Using the RSE/RE as a metric has the added advantage of allowing the same numerical standard to be 
applied to the calibration model, regardless of the form of the model. Thus, if a method states that the 
RSD should be ≤ 20% for the traditional linear model through the origin, then the RSE/RE acceptance 
limit can remain ≤ 20% as well. Similarly, if a method provides an RSD acceptance limit of ≤ 15%, then 
that same figure can be used as the acceptance limit for the RSE. The RSE is to be used instead of 
correlation coefficients and coefficients of determination for evaluating calibration curves for any of the 
methods at Part 136. If the method includes a numerical criterion for the RSD, then the same numerical 
value is used for the RSE/RE. Some older methods do not include any criterion for the calibration curve – 
for these methods, if RSE/RE is used the value should be ≤ 20%.  


 







 


 


Figure 1. Calibration Curve for Hexadecane with Quadratic Curve Fit and 1/Conc2 Weighting, 0.005 to 0.5 ng (GC/TOFMS) 
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Figure 2. Calibration Curve for Hexadecane with Linear Curve Fit and No Weighting, 0.005 to 0.5 ng (GC/TOFMS) 
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Figure 3. Calibration Curve for 2,4,5-Trichlorophenol with Quadratic Curve Fit and 1/Conc2 Weighting, 0.005 to 0.5 ng (GC/TOFMS) 
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Figure 4. Calibration Curve for 2,4,5-Trichlorophenol with Linear Curve Fit and No Weighting, 0.005 to 0.5 ng (GC/TOFMS) 


 


 


  


Pass r2 Fail RSE 


Fail RE 







 


 


Figure 5. Calibration Curve for 2,4-Dinitrophenol with Quadratic Curve Fit and 1/Conc2 Weighting, 0.8 to 048 ng (GC/MS/MS) 
 


 


 
  







 


 


Figure 6. Calibration Curve for 2,4-Dinitrophenol with Linear Curve Fit and No Weighting, 0.8 to 048 ng (GC/MS/MS) 
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Figure 7. Calibration Curve for Benzo (ghi)peryene with Quadratic Curve Fit and 1/Conc2 Weighting, 0.001 to 24 ng (GC/MS/MS) 
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Figure 8. Calibration Curve for Benzo (ghi)peryene with Linear Curve Fit and No Weighting, 0.001 to 24ng (GC/MS/MS) 
 


 
 


  







 


 


Figure 9. Calibration Curve for Pentachlorophenol with Quadratic Curve Fit and 1/Conc2 Weighting, 0.05 to 48 ng (GC/MS/MS) 
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Figure 10. Calibration Curve for Pentachlorophenol with Quadratic Curve Fit and No Weighting, 0.05 to 48 ng (GC/MS/MS) 
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10/26/2021 4:26 PM

Outline for Meeting with EPA Senior Management

1.	History and Purpose of the Environmental Monitoring Coalition (5 min)

2.	EMC Membership (5 min)

	-	ACIL, APHL, TNI, WEF founding members

	-	Experts from state, municipal, commercial laboratories; and from instrument 			development organizations

3.	Selected activities since formation with emphasis on working with EPA Staff (10 min)

	-	Acrolein/acrylonitrile holding time

	-	ICP/MS interference rejection technology

	-	COVID in wastewater laboratory accreditation standards

	-	Use of correlation coefficient for instrument calibration

4.	EMC focus areas (10 min)

	-	Improving the Quality of Monitoring Information

		-	Fostering laboratory accreditation for all environmental programs

		-	Improving laboratory data quality

		-	Improving environmental sampling design and techniques

		-	Reducing barriers to analytical technology advancement

	-	Reducing the cost of environmental and compliance monitoring through 				advances in analytical instrumentation and sampling design and technology.

5.	 How the EMC can assist EPA in carrying out its functions. (5 min)

	-	Assist with new method development by providing analytical expertise and 			participation in method validation studies

	-	Assist in improving existing methods and monitoring procedures

6.	How we would like to work with Agency to advance monitoring quality (10 min)

7.	Issues that the EMC would like to Agency to address (10 min) 

	-	Agency method harmonization

	-	Use of a performance paradigm when compliance monitoring

	-	Expansion of laboratory accreditation to all Programs
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The Environmental Monitoring Coalition (EMC) provides a forum for the
environmental laboratory community to develop consensus recommendations to present to
federal, state and tribal agencies to address environmental monitoring issues.





