Really — A revised MDL
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Dawn of the MIDL

o 1984

USEPA the MDL procedure is promulgated
in 40 CFR, Part 136, Appendix B for use in
the wastewater program and defined as
3.14 times the standard deviation of seven
low level spiked blanks.

The ML is also promulgated at this time.



MDL Rising

o 1999 USEPA published Method 1631B for
analysis of mercury using the old MDL approach
and modified ML definition, which provided an
opportunity for a legal challenge of the MDL and
ML.

o 2000 USEPA entered into a settlement
agreement with the Alliance of Automobile
Manufactures, Chemical Manufacturer’s
Association, Utility Water Act Group and AFPA.
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2003 Revised MDL Draft

o Guidelines Establishing Test Procedures for
the Analysis of Pollutants; Procedures for
Detection and Quantitation
68 FR 11770
March 12th 2003



MDL complaints
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Industry issues

Why the EPA’s proposed changes to MDL
determination procedures are inadequate

By Richard Burrows and Robert Wyeth



- .
What were the objections?

o MDL procedure makes the assumption that
blank results are centered around zero
> If they are not, then the MDL will be an
underestimate and many false positives will result

o MDL makes the assumption that short term
variance (7 replicates in one batch) is the
same as long term variance

> If it is not, then the MDL will be an underestimate
and many false positives will result



B
Secondary concerns

o Assumption of constant variance at different
concentrations

o Assumption of normal distribution
o Lack of any guarantee of actual detectability

o Lack of use of L in Currie’s classic L. / Ly / Lg
description of performance in the detection —
guantitation range



The classic definition of “"Detected” is from
Lloyd Currie.

He called the value where you are almost

positive your detection is not background the
“Critical Level L.".

The MDL is equal to L.
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The Critical Level, L, is where the detection decision is made,
and has an acceptable rate of false positives (<1%) >
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...if you have a true value at the L. (MDL), you'll have 50% or
more false negatives! >
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The Detection Level, Ly, is where my sample distribution
minimally intersects the blank population.
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Cost of MIDL studies

o Consider one method — 8270
> 4 different preps
> 3 different spike mixes
> 2 levels for each
> 4 instruments

> 7 replicates each
+4X3X3X4X7=672RUNS
+ Cost around S100K / year

> Typical lab will have 100-200 methods



We don’t need no stinking MDLs’

1 - Jack Farrell
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Reason #1 that we need MDLs

(even if they do stink)

o0 We need to make the Quantitation limit
meaningful

> Applies to MRL, LLOQ, or any quantitation limit
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If you run 100 spikes at LLOQ...

What if you have 70% average recovery?

Now 99% False
Negative Rate

ZERO MDL LLOQ
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Reason #2 that we need MDLs

(even if they do stink)

o MDLs are needed in risk assessment

> Handling non-detects

+ Substitute a value such as % detection limit or
detection limit

+ More sophisticated methods such as Maximum
Likelihood estimation and Regression on Order
statistics

« These still benefit from a detection limit as low as possible

If we do not have a detection limit, the Quantitation limit
will become the new Detection limit
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Industry news

ACIL proposes improved procedures for determining
method detection limits

By Richard Burrows, technical committee chairman, ACIL
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ACIL procedure (2003-5)

o Part 1, methods with routine blank results
> Lc= X+ Ks
> Lg at least 3x Lc

> Check Lqg recovery and precision with spikes
+ Results must be > Lc and set recovery and precision limits

> Ongoing spikes
o Part 2, methods without routine blank results

> Start with spikes, Lg = spike level
> Lc =Ks
> Ongoing spikes
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Consensus procedure (2004-6)

Steven Bonde — North Creek Analytical Laboratories

Richard Burrows, Ph.D. (rburrows@stl-inc.com) — American Council of Independent Laboratories (ACIL),
Severn Trent Laboratories (STL)

Roger Claff, P.E. — American Petroleum Institute (API)

Nancy Grams — Advanced Earth Technologies (AET), American Society for Testing and Materials D19
(ASTM), Waste Management

Thomas Georgian, Ph.D. (Thomas.Georgian@nwd02.usace.army.mil) — United States Army Corps of
Engineers (USACE), Standard Methods

Angie Grooms — Duke Power, Utility Water Act Group (UWAG)

Donna Hill - Southern Company, Utility Water Act Group (UWAG)

Larry LaFleur — American Forestry and Paper Association, Inter-Industry Analytical Group (IIAG)

Patty Lee — Hampton Road Sanitary District (HRSD), Water Environment Federation (WEF)

Kenneth Osborn (kosbhorn@ebmud.com) — East Bay Municipal Utility District (EBMUD), American Water
Works Association (AWWA), Standard Methods

John Phillips (jphill12@ford.com) — Ford Motor Company, Alliance of Automobile Manufactures (AAM),
Inter-Industry Analytical Group (IIAG), Michigan Environmental Laboratories Association (MELA)

Jim Pletl - Hampton Road Sanitary District (HRSD), Association of Metropolitan Sewerage Agencies
(AMSA)

Lennie Routten — Northrop Grumman, VA American Water Works Association (AWWA), VA Water
Environment Association (VWEA)
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Consensus procedure

o Started from and similar to ACIL procedure, but
much more detail

> Still two procedures, “Uncensored” and “Censored”

+ Uncensored, calculate Lc and Ld based on blanks
« Lc=X+Ks
+ Ld=X+ 2Ks

+ Censored, based on spikes
+ Lc=Ks
+ Ld =spiking level
> Ongoing spikes and recalculation of detection limits
requires
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FACDQ procedure (2005-7)

o Similar to ACIL and Consensus procedures,
much more detailed still

> Uncensored — based on blanks
+ MDL=X+1s

> Censored = based on spikes
+ MDL =ts

> Spikes required for both and spiking level = QL
> Ongoing spikes required
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What are our options?

o0 Replace the MDL
> DQFAC procedure
> ASTM IDE/WDE

0 Stop reporting below the quantitation limit

o Leave the MDL alone

> Improve things for TNI labs at least, through
development of a standard by the EMMEC

o Modify the MDL

> Based on principles from the DQFAC and learning
from the Pilots

From NEMC 2012
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Proposed MDL revision

(2012-2014)

o Has similarities to ACIL, Consensus and
FACDQ, but simplified and less different from
the current MDL

> One procedure rather than two, start with 7
spikes and 7 blanks

> MDL, = tS, (Std Dev of spikes)

> MDLg = X + tS, (Std Dev of blanks)
+ Use whichever is highest as the MDL

> Requires ongoing spikes



- .
Proposed MDL revision

0 Requires spreading the initial 7 replicates across
at least 3 batches

0 Includes instructions for multiple instruments
with the same assigned MDL

o0 Requires that spike results meet qualitative ID
criteria

o Requires ongoing (quarterly) spikes
o Recalculate (but do not redo) every year

o Includes instructions for determination of a MDL
in a specific matrix




- .
Does the revised procedure address

the problems and concerns?

o Blank distribution not centered around zero

> This is the most important cause of failure of the
current MDL procedure for methods such as ICP,
ICPMS, and most Wet Chemistry procedures, and
results in high false positive rates

> Situation is getting worse because instrument
sensitivity is increasing and detection limits are
pushed lower.

o Fully addressed in the revised procedure
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Does the revised procedure address

the problems and concerns?

o0 Short term variance (one batch) is not equal
to long term variance

> Initial replicates spread across batches and
instruments

> Ongoing data collection quarterly



-
Does the revised procedure address

the problems and concerns?

o Assumption of constant variance and normal
distribution

> No way around this issue without collection of
very large amounts of data

> Verification steps check for and correct problems
due to very “non-normal” data distributions
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Does the revised procedure address

the problems and concerns?

0 Lack of guarantee of actual detectability

> Not reasonable to expect that spikes at the MDL
will reliably return detectable results

If spikes at the MDL return detectable results, then those results can be used
to calculate a lower MDL!

> Spikes used to generate the MDL must be return

detectable results and may typically be used to set
the LOQ



B
Does the revised procedure address

the problems and concerns?

o Lack of use of Ly in Currie’s classic L. / Ly / Lg
description of performance in the detection —
guantitation range
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The Detection Level, Ly, is where my sample distribution
minimally intersects the blank population.
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Does the revised procedure address

the problems and concerns?

o Lack of use of L in Currie’s classic L. / Ly / Lg
description of performance in the detection —
guantitation range

» Accurate determination of L is very difficult
> Typically quite close to the LOQ

> Instead, ensure that the LOQ has all the properties
of LOD

+ Returns results above the MDL
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Compatibility with

Quantitation Limit concepts

o Spikes used to verify LLOQ (SW-846) or MRL
(Drinking Water) will usually be suitable for
calculating MDLs.
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What | have learnt about

collaboration with EPA

o Illustrated by updating the MDL
> Be passionate
> Be prepared to work
> If at first you don’t succeed
> Understand EPA’s constraints
> Don’t overreach

> Make sure you have good scientifically based
arguments

> Grab your opportunities



(Juestions?



