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CONFERENCE HIGHLIGHTS

The 23" Annual National Environmental Monitoring Conference (NEMC) was
held at the Hyatt Regency in Cambridge, Massachusetts from August 20 — 25,
2007. This was the first combined meeting of NEMC with the Forum on
Laboratory Accreditation. The Conference was co-sponsored by the US
Environmental Protection Agency, the Independent Laboratones Institute, and
The NELAC Institute. Over 430 individuals attended. The 23 meetlng of NEMC
had 127 technical presentations over 5 days:

Seventeen technical breakout sessions w ith 94 presentations;

Tw o-day poster programw ith 21 posters;

Seven keynote presentations; and

General session on detection and quantitation with 5 presentations.

Three training courses were offered in conjunction with NEMC 2007:

Metal Speciation Analyses;

e Manual Integration — Introduction to Proper Technigues, Documentation and
Optimal Settings; and

e Tools to Calculate and Evaluate Measurement Performance.

The exhibit program featured 42 exhibitors demonstrating the latest innovations
in measurement technology, proficiency testing, laboratory automation, and
related topics.
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DoD Emerging Contaminants Initiative

Paul Yaroschak
Office of the Secretary of Defense

ABSTRACT

Emerging Contamunants (ECs) are chemuicals or matersals of evolving regulatory interest. They have
a real or percerved health threat. They have no existing peer-reviewed toxicity values or health
standards or the existing standards are being re-evaluated. ECs usually have msufficient or limited
health, science or technology information available. They may also become of interest because a
new source, pathway or detection limit has been discovered. ECs i sediments can significantly
affect response actions. including remediation. and thus significantly affect costs.

The Department of Defense developed an EC Initiative and created an ECs Directorate to deal with a
host of EC 1ssues. A three-tiered process has been developed for over-the-horizon scanning for ECs,
conducting impact assessments in five DoD functional areas, and development of risk management
options. The five functional areas are:

(1) Environmental, Safety and Health

(2) MissionReadiness

(3) Acquisition

(4) Operation and Maintenance of DoD) Assets
(3) Cleanup.

This presentation will describe the scan-watch-action list process, impact assessment methodology,
and mtegrated risk management concept. The presentation will also display the specific ECs on the

DoD watch and action lists and results of impact assessments. The mmpact assessments mnclude a List
of the uses of the ECs in DoD.

The DoD. EPA. and the Environmental Council of States (ECOS) have formed an EC Working
Group. The group has wdentified a number of national policy 1ssues requiring resolution and has
prepared white papers on these 1ssues. The presentation will conclude with a discussion of these
1ssues and their status. Attendees will become mformed about the nature of risks and i1ssues posed
by ECs and DoD)’s initiative to address these risks and issues.
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Who “Accredits’ th
Accreditors?

Presented at the

Forum on Laboratory Accreditation
Cambridge, MA
August 24, 2007
by

Roxanne M. Robinson
Vice President, A2LA

TNI Mission

» The NELAC Institute (TNI) is a non-profit
organization whose mission 1s to foster the
generation of environmental data of known
and documented quality through an open,
inclusive, and transparent process that 1s
responsive to the needs of the community.
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A2L.A Mission

Provide world-class accreditation and
training services for testing and calibration
laboratories, inspection bodies, proficiency
testing providers, reference material
producers and product certifiers. These and
other future services are intended to create
stakeholder confidence in the competence
and integrity of all A2LLA-accredited
organizations and the data they produce.

Topics of Talk

What Accreditation 1s and 1sn’t
The ILAC “model” for mutual recognition

The MR A Evaluation Process
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What about me?

+ The evaluated (A2LA): EA, APLAC, FQA,

Environmental I.ead (Pb) and NELAC for PTOB

+ The evaluator: [ am a recognized team leader for

APLAC, EA, TAAC and ILAC

* (Australia, New Zealand, Taiwan, Japan, India,
Argentina, Canada, Greece, NVLAP etc.)

Conformity Assessment Terminology

Accreditation
Certification

Registration
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Certification

Written assurance by a third party that a
product, process, or service conforms to
specified requirements.

« Used internationally to include quality system

(ISO 9000) and other management system
(ISO 14000) certification/registration

Accreditation

Formal recognition by an authoritative
body that a laboratory’s quality system
conforms to the requirements of an
appropriatc standard and of a laboratory’s
technical competence to perform specific
tests or calibrations

ISO/TEC17025
Scope of Accreditation
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Accreditation vs. Certification

Certification (Registration)

* quality system requirements
« ISO 9001

Accreditation
* 17025: quality system requirements +
* technical competency requirements

* testing and calibration procedures

The ISO 9000 Quality Systems
Auditor Asks...

Have you defined your policies and
procedures?

Are they documented 1n accordance with
the standard?

Are you following them?




NEMC 2007 Proceedings - Cambridge, MA

The Laboratory Accreditation
Assessor Asks...

Have you defined and validated your
procedures?

Are they documented 1in accordance with
the standard?

Arc you following them?

Do your procedures ensure accurate and
reliable results?

And...

+ Do you understand the science behind the
procedures?

+ Can you foresee and cope with any
technical problems that may arisec?

» Do you have the correct equipment and
adequate personnel?

+ Have you calculated your uncertainties?
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Key Distinction

Accreditation = competence

Certification = conformity
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ILAC Organization

\: Typical Regional Cooperation
e Organization (e.g. EA, APLAC, IAAC)
-_
I od
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=Mutual Recognition Arrangements

=
=2

International Laboratory Accreditation Cooperation
European co-operation for Accreditation

Asia Pacific Laboratory Accreditation Cooperation
Inter-American Accreditation Cooperation

el A 6 &
i i i f

The ILAC Arrangement

ILAC has signed MOUs with:
« ISO
« WTO
« APEC
WADA
Bluetooth SIG
CDMA Certification Forum (CCF)
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The ILAC Arrangement

Currently:

» Regional Cooperation Bodies
2 Not Recognized

— Southern African Development Community in
Accreditation (SADCA)

— Central Asian Cooperation on Metrology
Accreditation and Quality (CAC-MAS-Q)

The ILAC Arrangement

Currently:
* 57 Full Members (Signatories to the MRA)
17 Associates
20 Affiliates

1 National Coordination Body
23 Stakeholder Bodies
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&% New Conformity Assessment
e Activity included in MRA

Reference Material Producer
* Added to APLAC MR A March 2006
« A2LA accepted September 2006
» Signatories added to MRA once 4 ABs
accepted by MRA Council — December 2007?
Proficiency Testing Provider ?

\2 N2
I\ 'I\ ,l

Regional Cooperation Participation

Join as a member

* participate and learn

Apply to be evaluated
* ultimate goal to be an MRA signatory
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MRA Peer Evaluation Process -
Application

Submit application to secretariat of the
coopcration

Series of documents must address:

* the ISO/IEC 17011 requirements

* measurement traceability policy

* laboratories’ participation in proficiency testing

* pre-evaluation 1s possible

MRA Peer Evaluation Process -
Evaluators

Team leader recruited/assigned
« generally senior accreditation body staff
* trained through observing and then serving as
evaluator

« also trained at international seminars for
evaluators or specifically, team leaders
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MRA Peer Evaluation Process-
Evaluators

Team leader chooses team members

 Technical backgrounds coincide with kinds of
laboratories that the applicant accredits

* usually four, sometimes six members

o If calibration is included, one team member
must have a strong metrology background

often a NMI staff person joins the team

MRA Peer Evaluation Process-
the Evaluation

Document review

Evaluation of headquarters operations
conformance to ISO/IEC 17011

Witness assessments for laboratories’
conformance to ISO/IEC 17025

« effectiveness of the assessors 1s determined
* technical expertise

» assessment skills

15
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MRA Peer Evaluation Process —
The Evaluation

International guidelines — such as
TAF/ILAC A3 — Key Performance
Indicators:

* KPI1: Access to Expertise

« KPI2: Accreditation critenia, scope of the AB
and extension of the scope

MRA Peer Evaluation Process —
The Evaluation

KPI’s (cont’d):
« KPI3: AB staff, assessors and experts
« KPI4: Assessor support system
« KPI5: The assessment and the assessment team

« KPI 6: Impartiality of Assessors, Committees
and Decision-Making Bodies

* KPI7: Monitoring Performance of Assessors
and Experts




NEMC 2007 Proceedings - Cambridge, MA

MRA Peer Evaluation Process —
The Evaluation

KPI’s (cont’d):
« KPI 8: Dealing with non-conformities and

corrective actions of the accredited bodies,
including decision making on accreditation

« KPI9: Internal audits and management reviews
« KPI 10: Proficiency testing

ap IR N OR IR
1S 7ab 4% 7k 7

MRA Peer Evaluation Process —
The Evaluation

KPI’s (cont’d):
« KPI 11: Calibration, traceability, and reference
materials

» KPI 12: Program of surveillance activities
« KPI 13: Value-adding services
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MRA Peer Evaluation Process —
The Evaluation

» KPI’s (cont’d):

» KPI 11: Calibration, traceability, and reference
materials

« KPI 12: Program of surveillance activities

« KPI 13: Value-adding services

MRA Peer Evaluation Process -
the Evaluation

+ Determining arrangements for ensuring

traceability to the appropriate primary
standards
» visiting the National Metrology Institute
« evaluating the level of participation in
international laboratory comparisons sponsored
by other NMIs or BIPM
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Proficiency Testing

» Minimum Requirements

* One successful activity prior to accreditation

» Cover the full scope of accreditation, by major
sub disciplines, over the course of 4 year.

Proficiency Testing

+ Minimum Requirements

* One successful activity prior to accreditation

» Cover the full scope of accreditation, by major
sub disciplines, over the course of 4 year.
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Proficiency Testing

More rigorous frequency could be
prescribes by regulatory or specifier criteria
Accreditation Bodies may also run
programs or use commercial sources but
must demonstrate:

* monitoring and corrective action process

* revocation and re-instatement of accreditation
process

Use of the Accreditation Symbol

ABs must provide limits and guidelines on
usc of their logo by their accredited labs

« AB must have process for requiring corrective
action

ILAC PS8 1s often invoked

* Conveys rules on use of logo on test reports,
calibration certificates and business literature.

20
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MRA Peer Evaluation Process -
Signatory Status

Respond 1n writing to any concerns
resulting from the cvaluation

Team leader coordinates the review of the
corrective action

Full evaluation information provided to the
cooperation’s acceptance panel

* Decision made to include or continue as a
signatory, possibly with conditions.

Impediments to Recognition

« Assessors’ technical qualifications

» Laboratory Scope content

* Scparation of activitics

* Sufficient assessment length and depth

* Subcontractor qualifications and
oversight

21
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MRA Peer Evaluation Process -
Continue Signatory Status

Evaluation every four years

Appeals mechanism for negative decisions
Alert partners to changes

Participate in international committee work
Provide a liaison officer

Participate in international laboratory comparisons

(ILCs)

Promote acceptance of test data across borders
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Conclusion
™ 'he International MR A Evaluation Process:

* Builds confidence between accrediting bodies

wa® Posters uniformity in complying with ISO/IEC
N 17011 and ISO/IEC 17025

 Promotes acceptance of calibration and test
s results between MRA countries

» Reduces barners to trade
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Questions?

www.A2LA org
www.1lac.org
www.aplac.org
www.curopean-accreditation.org

Www.laac.org.mx/

Contact Information

Roxanne Robinson
A2LA
5301 Buckeystown Pike
Frederick, MD 21704
direct linc: 301 644 3208
fax: 301 662 2974

rrobinson@a?la.org
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The Forum on Environmental
Measurements (FEM)

Mike Shapiro, US EPA
August 22, 2007
Environmental Measurement Symposium

[Overview

Background
Purpose/Scope
Action Agenda
Summary

24
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[Background

Formed in April 2003 by the Science
Policy Council (SPC)

Composition of senior Agency
managers

Central focus for addressing
measurement and methods issues

with multi-program impact

[Science Policy Council (SPC)

Formed in December 1993 by the
Administrator

Composition

Science Advisor (chair)

Agency Appointees

Career Scientists and Managers

Goal is to integrate policies that guide
Agency decision makers in their use of
scientific and technical information.

o O O

25
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Purpose/Scope

Promote consistency and consensus within
the Agency on measurement issues.

Enhance Agency programs by
recommending principles for:

o Validating and disseminating methods for
sample collection and analysis;

Developing scientifically rigorous, statistically
sound and representative measurements; and

Employing a quality systems approach that
ensures data gathered and used by the Agency
are of known and documented quality.

O

O

Purpose/Scope (cont.)

= Establish procedures and policies that
provide consistent, yet flexible,

measurement tools to support
environmental decision-making.

= Provide EPA and the public with a
central point for addressing
measurement methodology issues with
multi-program impact.

26
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[Action Agenda

Improving the Quality of Agency Methods
Implementation of the Performance Approach
Technical Assistance

Method Detection/Quantitation

General Laboratory Competency

Laboratory Accreditation

National Environmental Monitoring Conference
(NEMC)

Improving the Quality of
[Agency Methods

Policy and validation guidelines/ technical
guidance documents for:

Chemical Methods

Radiochemical Methods

Sampling and Analysis Methods
Microbiology

Biology

Improve system for the monitoring

community to use to obtain information on
methods.

O O O O O

27
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Implementation of the
[Performance Approach

= Renewed commitment to what
Implementation means ten years from

when it began.
s Details in the next presentation.

[Technical Assistance i

= Method portal for linking Agency office
information on analytical methods

1 Policy for the timely dissimation of
iInformation on Agency methods
guidelines for posting of published
methods on websites.

28
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[Method Detection/Quantitation

Tasked to review the final product of
the Federal Advisory Committee for

broader Agency use.

[General Laboratory Competency |

1 Ensuring the Competency of EPA Laboratories
Agency Policy Directive was issued by the
SPC in February 2004.

All EPA laboratories are required to document their
competency through independent assessments
and participation in inter-laboratory comparisons or
programs.

> The Office of Environmental Information (OEI) will
provide oversight.
= All laboratories have and continue to currently
implement their competency plans that were
approved.

29
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[Laboratory Accreditation ]

= Followed the progress of the formation
of The NELAC Institute (TNI) and were
briefed on the organization

= Provided an Agency ex-officio member
to the TNI Board

= |Investigating ways to promote use of
accredited laboratories

National Environmental ]
[Monitoring Conference (NEMC)

= Supported making NEMC a multi-
pollutant venue to be the premier
conference for environmental
monitoring issues

= Supported multi-year cooperative
agreement for sustainability and
growth

Promotes conference to reach target
audiences (e.qg., states, regions,
laboratories, regulated sectors)

30
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[Summary

= The FEM is a central focus point for
addressing measurement, monitoring,
laboratory, and method issues with
multi-program impact.

= |n four years, much has been
accomplished, but there is always
more to do.

[Contact Us

= FEM Website:

o www.epa.gov/osa/fem

= Executive Director:

o Lara Autry
autry.lara@epa.gov
919-541-5544
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“The Future of the Drinking Water
Laboratory Certification Program”

Environmental Measurement Symposium
NEMC/TNI
August 23, 2007

Greg Carroll
Director, Technical Support Center
U.S. Environmental Protection Agency
Office of Ground Water and Drinking Water

“EPA’s Drinking Water Laboratory
Certification Program:
History, Status, Direction”

Environmental Measurement Symposium
NEMC/TNI
August 23, 2007

Greg Carroll
Director, Technical Support Center
U.S. Environmental Protection Agency
Office of Ground Water and Drinking Water
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Background

» 1943 - US Public Health Service began to
survey water bacteriology laboratories.

» 1974 - Safe Drinking Water Act (SDWA)

« Authorized EPA to set enforceable health standards
for contaminants in DW; National Primary Drinking
Water Regulations

» 1978 — Drinking Water program implemented
Certification Program, published “Manual for the
Interim Certification of Laboratories Involved in
Analyzing Public Drinking Water Supplies”

Background (cont’d)

» Code of Federal Regulations: 40 CFR

« Subpart C- Monitoring and Analytical
Requirements

141.28 Certified Laboratories

« “For the purpose of determining compliance..., samples
may be considered only if they have been analyzed by a
laboratory certified by the State...”

» Goal is to improve public health protection
by providing more consistent, accurate,
defensible results

33




NEMC 2007 Proceedings - Cambridge, MA

EPA Role -- OGWDW

» Office of Ground Water and Drinking Water
oversees all aspects of drinking water regulation
in the US.

« Responsible for establishing regulations and approval
of methods to support regulation.
« Oversees national drinking water laboratory
certification program.
Reviews Regional programs
Conducts training of state and Regional Certification Officers
Maintains/updates Laboratory Certification Manual
Facilitates monthly conference calls with Regional COs/QAOs

Provides technical support regarding program, regulations,
methods

Maintains a database of laboratory ID codes

Hierarchical Program Structure

EPA
Office of Water
Office of Ground Water and Drinking Wate
Technical Support Center

U

EPA Regional Offices

& &

States with primacy -Commercigl Iaborat'ories
in states without primacy
Commercial laboratories

34




NEMC 2007 Proceedings - Cambridge, MA

EPA Role -- ORD

> Office of Research and Development

« (Originally) responsible for certification of Regional
laboratories

(Originally) responsible for audits of state
radiochemistry laboratories

(Originally) responsible for Performance
Evaluation/Proficiency Test Program.

Support Certification Officer Training
Provide technical support regarding methods

Develop/evaluate analytical methods to support
drinking water program (shared responsibility with
OGWDW)

EPA Role -- Regional Offices

» Monitor state certification programs for adequacy.

» assess the scope, staffing, policies, procedures, and
effectiveness.

> Certify principal state laboratories

> Host meetings of state certification officers

« discuss program/implementation issues and provide
current information on regulations and methods.

» Observe state on-site evaluations of local labs.

» Manage certification program and certify
laboratories in the non-primacy states/territories.

» Provide technical assistance to states and
certified laboratories.
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State Role

» As conditions of primacy, states:

« maintain capability to analyze regulated contaminants
(in-house or via contractual arrangements)

« manage certification program for commercial
laboratories analyzing DW compliance monitoring
samples

» State-designated COs review laboratory
applications, conduct on-site audits of
laboratories, and review laboratory PT data.

» COs provide technical assistance to laboratories.

» States may certify laboratories outside of their
state through direct evaluation or reciprocity.

» Other program elements per state

Laboratory Responsibilities

» Comply with all federal regulations,
including using approved methods.

» Successfully analyze Proficiency Testing
(PT) samples (initial + annual)

» Successfully pass an onsite audit (initial +
triennial)
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Significant Program Developments

» 1978-2005 - Periodic updates to Laboratory
Certification Manual

» 1997 - EPA transferred PE/PT program to private
sector, with evaluation/accreditation of providers
by NIST NVLAP program

> 1997 - OGWDW (Cynthia Dougherty memo)
regarding NELAP accreditation as alternative to
certification
o “....I support the use of the NELAC standards in the
certification of laboratories...and encourage use of the
standards based on the increased opportunity for
national consistency...”
“....One of the Agency’s primary goals has been to
encourage states to recognize certification of
laboratories by other states...(reciprocity)...”

Significant Program Developments
(cont'd)

> 1999 - Lead responsibility for Regional laboratory
audits transferred from ORD to OGWDW (with
ongoing ORD audit support)

» 2002 - Renewal of OGWDW (Cynthia Dougherty)
support for NELAP accreditation

« ‘I continue to support the use of the NELAC standards
in the certification of laboratories...”

« “...I encourage future reviews...to allow continued
assessment of equivalency and promote greater
consistency in the program...”

“...I| reiterate that the drinking water program will benefit

nationwide through state participation in the
accreditation program...”
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Significant Program Developments
(cont'd)

» 2002 (?) - EPA decision that Regional
laboratories will be accredited by NELAP.

» 2006 - NIST announced its termination of
their evaluation/accreditation program for
PT providers

» 2006 — OGWDW statement of support for
NELAC PTOB/PTPA process to help
“assure the quality of commercially-
provided PTs” (i.e., in lieu of NIST-based
process)

Lab Cert Program - Direction

» Implement OGWDW Action Plan per OIG
review

« Integrate fraud awareness into CO training

« Promote data validation training,
technigues

« Enhance radiochemistry training/technical
support

» Review sample collection requirements/
vulnerabilities

> Strengthen the Quality Systems component
of the Lab Cert Program/Lab Cert Manual
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Significant Program Developments
(cont'd)

» 2004-07 — Retirement of core OGWDW
laboratory certification team members (Ed
Glick, Carol Madding, Pat Hurr);
hiring/reassignment of new team members
(Jennifer Best, Michella Karapondo, Judy
Brisbin)

» 2005-07 — OIG review/report re drinking
water laboratory integrity (Report 2006-P-
00036), OGWDW response/action plan

Lab Cert Program — Direction
(cont'd)

» Resolve long-term responsibility for
Criteria Document

» Investigate longer-term options for LT2
(Cryptosporidium) lab approval

» Continue/strengthen collaboration with TNI
(e.g., participate in forum/symposium, PT
Board, Regional Evaluator meetings;
consultation regarding Standard;
networking with DW stakeholders [?])
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Lab Cert Program — Direction (cont'd)

» Incorporate new/modified methods into
program
« OGWDW implementation of Expedited
Method Approval approach

» Continued OGWDW progress towards
Agency’s/FEM’s method flexibility/
"Performance Approach” goals

o New standards resulting from
CCL/Regulatory Determination processes

Lab Cert Program —
Key Elements of Approach to Future

» Adapting to change

» Collaboration

» Balancing stakeholder interests

» Commitment to public health protection

» Tech support

> Managing with limited/declining resources

40




>

>

NEMC 2007 Proceedings - Cambridge, MA

For More Information

Greg Carroll

« 513-569-7948

« carroll.gregory@epa.gov
Jennifer Best

« 513-569-7012

« best. jennifer@epa.gov

Michella Karapondo

e« 913-569-7141

« karapondo.michella@epa.gov
Judy Brisbin

« 913-569-7883

« brisbin.judy@epa.gov
epa.gov/iogwdw/labcert

Drinking Water Hotline: 800-426-4791
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Update on USEPA Methods, Regulations and Other
Activities

Jerry L. Parr
Catalyst Information Resources

ABSTRACT

In 2007, the Office of Water in the Environmental Protection Agency (EPA) adopted
several new regulations that will affect how water analyses are performed, mcluding the
methods update rule, the unregulated contaminant monitoring rule and the biological
methods rule. Other EPA regulations. new methods and guidance documents were
adopted by EPA 1 2007, This presentation will review recent changes to the EPA
regulations, review new EPA methods that were approved and highlight other activities
within EPA’s that affect the environmental momstoring industry. Other related topics,
including laboratory fraud and a new handbook for the analysis of perchlorate will also
be covered.
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Update on USEPA Methods, Regulations
and Other Activities

National Environmental Monitoring Conference

August 20, 2007

Jerry L. Parr
Catalyst Information Resources

AGENDA

New EPA Regulations
New SW-846 Methods
Laboratory Fraud

Office of Water Activities
Other Items of Interest

For the period August 28, 2006 through August 10, 2007.
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Regulations with New/Revised
EPA Methods and Monitoring

Methods Update Rule
UCMR 2 Rule

Ground Water Rule
Biological Methods Rule

Methods Update Rule

Finalized March 12, 2007

Effective April 11, 2007

New methods

Updated versions of approved methods

Revised method modification and analytical
requirements

Withdrawal of outdated methods

Changes to sample collection, preservation,
and holding time requirements
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Regulations Changed

Part 122: NPDES Permits Part 430: Pulp & Paper
E. coli and Enterococci NPDES
added (grab samples) Approve method for
Reference to Part 136 chlorinated phenolics
Part 136: Wastewater Part 455 Pesticide
MEtrt‘lgﬁS - Manufacturing NPDES
el L Ul Move Table 7 to Part 136
Part 141: Drinking Water Part 465: Coil Coating
A few changes NPDES
Part 143: Drinking Water Removal of oil and grease

A few changes

Changes to Part 136

Table 1A: Microbiologicals (SM only)

Table 1B: Inorganics/Metals

Table 1C: Organics

Table 1D: Pesticides (SM & ASTM only)
Table 1E: Radiochemistry (SM & ASTM only)
Table 1F: Pharmaceutical Pollutants

Table 1G: Pesticide Active Ingredients
Table II: Preservation & Holding Time
Section 136.6
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New Chemical Test Methods

Dissolved Inorganic Anions by Capillary Ion Electrophoresis, ASTM D6508
Cations and Ammonium in by IC, ASTM D 6919-03,
Chloride by Potentiometry, SM 4500-CI-D.

Chloride by Ion Selective Electrode, ASTM D512-89,
Chlorine by Low Level Amperometry, SM 4500-Cl,

¢ grtl}iodti: l)J(sing MICRO DIST and flow injection analysis, QuikChem Method 10-
Total Cyanide, Acid Dissociable Cyanide, and Thiocyanate, Kelada-01,
Available Cyanide by Ligand Exchange-FIA, ASTM D6888-03

Cyanide by Ion Selective Electrode,
ASTM D2036-98 A & SM 4500-CN-F
Mercury by Cold Vapor Atomic Fluorescence Spectrometry, EPA 245.7,

Nitrate by Ion Selective Electrode, SM 4500-NO3-D, and

Sulfide by Ion Selective Electrode.
SM 4500-S2-G & ASTM D4658-92

Re-proposed Chemical Test
Methods

First Proposed in 1994
200.2, Total Recoverable Elements Digestion
200.8, Metals by ICPMS
200.9, Metals by Stabilized Temperature GFAA
218.6, Hexavalent Chromium by IC
300.0, Inorganic Anions by IC
353.2, Nitrate and Nitrite by Colorimetry

Revisions to 180.1, 200.7, 245.1, 335.4, 350.1, 351.2,
353.2, 365.1, 375.2, 410.4, and 420.4.

Equivalent ASTM and SM methods also approved
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Updated Versions of Current
Methods

An errata sheet for the WET manuals
ASTM methods
Standard Methods

Methods published in the 16th edition of
Official Methods of Analysis of AOAC
International, 1995

Method Modifications

Replace the mercury catalyst in TKN
methods

Approve the use of styrene divinylbenzene
beads and Hach StablCal as alternatives to
the formazin standard for Turbidity

Allow the use of capillary GC columns for
Methods 601-613, 624, 625, and 1624B
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Withdrawal of Methods

Delete Methods 612 and 625 for
dichlorobenzenes

Withdraw approval for all oil and grease
methods that use Freon-113

Withdraw > 100 methods in MCAWW

Changes to Table 1B
EPA Methods

Deleted 52 wet chem methods
Deleted 53 AA methods
Approved 7 new EPA methods

Approved 10 revisions to existing EPA
methods
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Table 1C: Organics

Delete methods 612 and 625 for
dichlorobenzenes

Approve updated versions of SM, ASTM,
etc.

Add footnotes indicating EPA QC
requirements apply to non-EPA methods

Table 1G: Methods for PAI

List of 93 non-routine pesticides with
method references

Table was in Part 455

Methods include obscure methods (e.g.,
1656, 1657) as well as 500 series
methods

49




NEMC 2007 Proceedings - Cambridge, MA

Table I1
Holding Times & Preservation

4 Cchangedto <6 C

Analyze immediately changed to 15 minutes

No acid preservation for metals in field
Must wait 24 hours after adding acid
Does not apply to Hg

Cr+6: 28 day HT, if sample buffered to pH 9.3 to
9.7

HT starts at end of composite period
Extensive requirements for cyanide
Other minor changes- read carefully!

136.6: Method Modifications

Analysts may modify methods!!!
Not change the “chemistry”
Excludes “method-defined” analytes

Requirements for modifications:
Initial DOC (IPR)

On-going QC
Verification in wastewater matrices
Reference to
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Revised!

Solutions to Analytical Chemistry Problems with
Clean Water Act Methods

Sample Collection & Preservation
Method Flexibility

Matrix Interferences

Data Review

Available at:
http://www.epa.gov/waterscience/methods/

Email for method questions:
OSTCWAMethods@epa.gov

Changes to Drinking Water
Regulations

Parts 141 and 143

Approve use of current version of Standard

Methods and ASTM

Approve 9 new methods

Allowable method modifications
Correction of holding time for coliform
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New Chemical Test Methods
for SDWA

D6508, Rev. 2, Dissolved Inorganic Anions by Capillary Ion
Electrophoresis,

ASTM D6888-04, Available Cyanide by Ligand Exchange-FIA,
OIA-1677, Available Cyanide by Ligand Exchange-FIA
ASTM D 6919-03, Cations and Ammonium in by IC,

300.1, Rev. 1.0, Chloride, fluoride, nitrate, nitrite, orthophosphate
and sulfate by IC.

552.3, Rev. 1.0, Dalapon

Ra-226 & Ra-228 by Gamma-ray Spectrometry using HPGE
of Ge(Li) detectors, Rev. 1.2,

D99-003, Rev. 3, Free Chlorine ITS test strips
327, Rev.1.1, Chlorine dioxide residuals

SDWA Allowable
Method Modifications

Approve the use of styrene divinyl benzene
beads and stabilized formazin as alternatives to
the formazin standard for Turbidity

Allow the use of a 450-W UV lamp in the Kelada
Method-01 for Cyanide

Allow the use of Syngenta method AG-625, with
modified immunoassay testing product by
Beacon Analytical System, under certain
conditions.
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Old Methods in Permits

“"The primacy authority should allow use of methods in the permit
for the life of the permit unless the authority exercises permit
reopener procedures.”

Dick Redding
USEPA

Unregulated Contaminant
Monitoring Rule: Phase 2

Finalized January 4, 2007 (72 FR 367)

Monitoring of drinking water for 25
chemicals using 5 methods

Monitoring to occur 2007-2011
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UCMR 2 Analytes

List 1. Assessment Monitoring List 2. Screening Survey
1,3-dinitrobenzene Acetochlor
2,2',4,4'-tetrabromodiphenyl ether Acetochlor ESA
2,2',4,4',5-pentabromodiphenyl Acetochlor OA
ether Alachlor
2,2:,4,4:,5,5:-hexabromob?phenyl Alachlor ESA
é{ﬁéﬁ"} ,5,5'-hexabromodiphenyl Alachlor OA

L . Metolachlor
é{%é?"} ,6-pentabromodiphenyl Metolachlor ESA
2,4,6-trinitrotoluene Metplachlorl OA .
Dimethbate N-n!troso-d!ethylamlm_e
Hexahydro-1,3,5-trinitro-1,3,5- N-nitroso-dimethylamine
triazine (RDX) N-nitroso-di-n-butylamine
Terbufos sulfone N-nitroso-di-n-propylamine

N-nitroso-methylethylamine
N-nitroso-pyrrolidine

Perchlorate Not Included

“it is not clear that the Agency needs
additional information on the occurrence
of perchlorate in drinking water.”
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UCMR 2 Methods

521: Nitrosamines by SPE/GC/MS/MS
525.2: Organic Compounds by LSE/GC/MS

527: Pesticides and Flame Retardants by
SPE/GC/MS

529: Explosives and Related Compounds by by
SPE/GC/MS

535, Revision 1.1: Chloroacetanilide and Other
Acetamide Herbicide Degradates by SPE/
LC/MS/MS

Other Aspects of UCMR 2

Lowest Concentration Minimum
Reporting Limit (LCMRL) adopted
Participating laboratories must be
approved by EPA
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Ground Water Rule

Adopted November 8, 2006: (/1 FR 655/5)

Source water monitoring for:
E. coli, enterococci, or coliphage

If total coliform is detected

Biological Methods Rule

Finalized March 26, 2007 (14219)

Membrane filter (MF) and multiple-tube
fermentation (MTF) for £. coliand enterococci in
wastewater

MTF methods for fecal coliforms and Sa/monel/a in
sewage sludge

Clarification holding time
6 hours HT plus 2 hours processing

Methods 1600, 1603, 1103.1, 1106.1, 1680, 1681,
and 1682

Added Table 1H to Part 136
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Laboratory Fraud

OIG Report: 9/21/2006

Promising Techniques Iaentified to
Improve Drinking Water Laboratory
Integrity and Reduce Public Health Risks

http://www.epa.gov/oigearth/reports/2006/20060921-2006-P-00036.pdf

Most Severe Vulnerabilities

Censoring of information based on
reporting limits
Data manipulation

Failure to follow SOPs/reference
methods

Falsifying existing data
Improper calibration
Inappropriate manual integrations

Overwrltm%(ﬂles peak shaving,
juicing/peak enhancing, deleting

Inadequate training
Inappropriate collection process

57

Incomplete record keeping
Mislabeled sample

No demonstration of competency
No requirement for collector

Reporting data for samples not
analyzedg(“dry labbing") p

Retention times not assured
Sample integrity unknown
Selective use of QC data
Sequencing analysis

Spiking samples after preparation

Time travel (changing times and
dates)
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Promising Techniques

Policy, Training, and Guidance
Laboratory Oversight Practices
Enforcement Practices

A Few Specific
Recommendations

Establish the use of the EPA fraud hotline for laboratories.

Enhance audits to include techniques to identify and deter
inappropriate procedures.

Use data validation and verification techniques

Use analyst notation on manual integration changes
Review electronic data

Review inventory of laboratory supplies

Include double blind PT samples

Develop a list of prohibited practices and incentives.
All laboratories should have an ethics policy

Encourage laboratories to implement a fraud detection and
deterrence program
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New SW-846 Methods

8270D: Updated version of method for
semivolatile organics

8260C: Updated version of method for volatile
organics

8261A: Volatiles by Vacuum Distillation with
GC/MS

8330B: Explosives by HPLC
6850 Perchlorate by HPLC ME or MS/MS
6860: Perchlorate by IC MS or MS/MS

Activities in the Office of Water

Clarification on Method 625

Use of collision cell in 200.8

Approval of drinking water methods
Blanket approval of discrete analyzers

215t Edition of Standard Methods approved

http://www.epa.gov/waterscience/methods/
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Other Items of Interest

DOD Perchlorate Handbook
www.navylabs.navy.mil/Archive/DODPerchlorateHandbookR1.pdf

Comprehensive Review of Emerging

Contaminants and Related Issues

http://pubs.acs.org/cgi-
bin/sample.cgi/ancham/2007/79/i12/html|/ac070719g.html

Draft List of Pesticides for Endocrine
Disruptor Effects Testing

www.epa.gov/endo/index.htm

Jerry L. Parr

4, (Catalyst Information Resources

The Information Resource for Environmental Professionals
817-598-1155
catalyst@eazy.net
www.CatalystInfoResources.com

a3 =
&
___D
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Activities of The NELAC
Institute

Environmental Measurement Symposium
August 22, 2007
Judy Duncan, TNI Board Chair

= _ History of Environmental
Laboratory Accreditation

1976 Drinking Water Program
1980’s EPA CLP
1986 Report to Congress
1990 CNAEL
1995 NELAC
2002 INELA
2005-2006 SSTG & PPT
2006 The NELAC Institute
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B
The NELAC Institute

Today

= Non-profit organization with members
= Managed by a Board of Directors

o Organized into Programs that focus on the
mission of the organization

= Administrative services support the programs

o Mission The purpose of the organization is to
foster the generation of environmental data of
known and documented quality through an
open, inclusive and transparent process that is
responsive to the needs of the community.

B
v Who are our members?

o Organizations that accredit laboratories

- Recognized accreditation bodies

- States that are not recognized accreditation bodies

- Federal agencies that operate accreditation programs
o Accredited laboratories

- Commercial, Municipal, University, State, Federal,
ete.

o Others

- State and federal agencies that do not operate
accreditation programs

- Data users, consultants, PT Providers, vendors, etc.4

- Anyone interested in laboratory accreditation !
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S
A Member Demographics

PT Providers: 4%

Other: 4%

Vendors: 7%

EPA: 3% I
[ Other Federal Agenlcies: 3%

| State agencies: 15%

Commercial laboratories: 39% ‘

Regulated industry: Sufﬂ

FE
|
INELA & NELAC
Where are they today?

o INELA changed its Articles of Incorporation to become
TNI

o NELAC discontinued some functions but will continue to
exist until all key programs are fully functional in TNI

» AA Committee discontinued as TNI NELAP Bd began
to function

> AARB still exists until TNI NELAP Bd establishes an
appeal process

» PT Boards of NELAC & TNI function in cooperation
with one another pa
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B
=  What has TNl accomplished?

o Elected our 1st Board of Directors with
balanced representation from all
stakeholders

o Completed a draft of a long-term strategic
plan to be provided to members later this
fall

o Recognized A2LA as PTOB/PTPA

o Established basic governance policies on
ethics, conflict of interest, etc.

|
I"i 3

T 2007 TNI Board

Judy Duncan, OK DEQ
David Speis, Accutest Dave Mendenhall, UT DOH
o Sharon Mertens, City of Judy Morgan, ESC
Milwaukee = Ken Olsen, Datachem

Steve Arms, FL DOH Alfredo Sotomayor, WI
Joe Aiello, NJ DEP DNR

o Jack Farrell, AEX Aurora Shields, KS DHE

o Ken Jackson, NY DOH Bob Wyeth, Columbia
o Barbara Finazzo, EPA Analytical Services

o George Detsis, DOE Brooke Connor, USGS

Tom McAninch, LCS
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0
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0
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B
Programs of TNI

o Consensus Standards Development
o Laboratory Accreditation System

o National Environmental Laboratory
Accreditation

o Proficiency Testing

o Technical Assistance

o Forum on Laboratory Accreditation

o National Environmental Monitoring
Conference (NEMC)

B
——_ Consensus Standards
Development Program

Consensus Standards Development
(CSD) Board

» Expert Committees

o Develop standards for the accreditation of
environmental laboratories.

o Assist the other programs with guidance'.

‘F_:J\\
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|
— Expert Committees
o Accreditation Body
o Field Activities
o On-site Assessment
o Proficiency Testing
o Quality Systems
e
I ¢
-
e CSD Board Accomplishments

o Adoption of final standards for

- Volume 2 Accreditation Body Requirements
+ Module 1 General Requirements
+ Module 3 On-site Assessment

o Adoption of final standards for Field Sampling
and Measurement

- Volume 1 General Requirements for Field Sampling
and Measurement

- Volume 2 General Requirements for Accreditation
Bodies Accrediting Field Sampling and
Measurements

i
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CSD Bd Accomplishments, cont.

o Conducted membership vote on the following Draft Interim
Standards

» Volume 1 Laboratory Requirements - PT Module and 6 QS
Module

» Volume 2 Accreditation Body Requirements - Module 2
Proficiency Testing

» Volume 3 Proficiency Testing Requirements
~ Volume 4 Oversight of Proficiency Testing

o This voting process is ongoing with Expert Committees resolving
comments from voters

o These standards will then proceed to final vote and that will result in
a complete “suite” of standards currently contemplated by TNI

Ef

CSD Bd Accomplishments, cont.

o Formed an ad hoc Uniformity of Standards
Committee which has reviewed all standard
modules and volumes for completeness and
consistency
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E— Laboratory Accreditation
System Committee (LASC)

o Develop a system for the accreditation of
environmental laboratories:

- policies and procedures, interpretations,
guidance documents, and any related tools

used by ABs to implement a national
environmental laboratory accreditation
program.

o Subcommittees:
~ National Database Committee
~» Non-NELAP Accreditation Bodies

- Small Organizations
E B

B
LASC Accomplishments

o Organized a committee of 17 professionals with
400 collective years experience in the
environmental testing industry

= LASC members participate on subcommittees
and expert committees
- Small Organizations
- Non-NELAP Accreditation Bodies
- National Database
- Accreditation Body
- Consensus Standards Development
- ELAB
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|
TR RO LASC Accomplishments, cont.

o LASC held 8 conference calls with 75%
participation
o Drafted the SOP on Standards Interpretation for

NELAP Board approval

~ SOP lays the foundation for providing quick and
thorough responses to inquiries of TNl members
concerning standards interpretation

o Presented the LASC Program goals and
overview to an EPA audience at their annual QA
Conference in Cleveland, OH

== National Environmental Laboratory
Accreditation Program (NELAP)

NELAP Board (representatives from accreditation bodies)

o Final authority for implementation of the program for
accreditation of labs —
» Review & approve Accrediting Bodies to become NELAP
recognized.
» Review NELAP ABs to assure conformance.
> Recommend PT accreditor to TNI Board.
» Adopt acceptance limits developed by PT Board.
» Adopt the Laboratory Accreditation System for use in the
Program.
o Receive complaints & direct to proper body.

o Ensure consistent application of the standard by
NELAP ABs.
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B
NELAP Board
Accomplishments

o Organized 13 Accrediting Bodies from 12
states and developed processes for
operation

o Recognized NELAC AAs on an interim
basis as TNI ABs

o Reviewed and approved SOP for next
round of AB evaluations

——= Proficiency Testing (PT)
Program

PT Board
o Recommend the selection of PTOB/PTPA(s).

o Monitor the PTOB/PTPA(s) to assure that they
are following the requirements set forth by the
organization.

o Facilitate an annual caucus on proficiency
testing.

o Review and evaluate PT data for the purpose of
determining the appropriateness of study limits.

= Provide recommendations to the NELAP Board)

as to acceptance limits. F
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B
PT Board Accomplishments

o Developing the Quality System and SOP’s for
the TNI PT program
~ PT Board Charter
~ PT Acceptance Criteria SOP
» Complaint Handling SOP
» PT Board Operations SOP
~» PTOB/PTPA Evaluation SOP
- PT Caucus SOP
PT Board Voting Process SOP

Y

PT Bd Accomplishments, cont.

o Ratified as adequate and sufficient for TNI PT program
in its inception -
- The NELAC/NELAP Program PT acceptance criteria
- The NELAC/NELAP Program approval of A2LA as the
PTOB/PTPA
o Currently serving as invited guests on the NELAC PT
Board as it completes its remaining current business
agenda items

- Formulation requirements of PT samples from the EPA Criteria
Document

- Request to add quantitative Microbiology PT acceptance criteria
in the Drinking Water matrix to accommodate recent SDWA
requirements for enumerative Microbiology test data from
laboratories

g
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B
~ - Technical Assistance

Program

Technical Assistance Committee (TAC)

= Develop tools and templates to assist laboratories and
accreditation bodies with implementing accreditation
programs.

Ensure that training programs relevant to the needs of
the stakeholder community are provided.

Ensure that laboratory assessors have a forum to
discuss common issues.

Develop a mentoring program to assist both laboratories
and accreditation bodies with implementing accreditation

0

n

0

programs.
B -
B
T— TAC Accomplishments

o FAQs SOP to be approved by the TNI Bd
o Draft of Technical SOP template
o Prepared materials for Cambridge meeting

» Accreditation Body Fees

~ Training suggestions that led to presentations
+ Manual Integration
+ Best Calibration Practices
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B
TAC Accomplishments, cont

o Mentoring Workgroup planned topics and
presentations for Denver and Cambridge
meetings

o Presentation and proposal of a One-on-
One Mentoring Plan at Cambridge

o Assessment Forum Subcommittee
organized a day of Assessment Issues for
Denver and Cambridge

Bl -

B
el National Environmental

Monitoring Conference

o Annual technical meeting focused on the
latest innovations in environmental
monitoring

o Co-hosted with EPA and the Independent
Laboratories Institute

o August 20-24, 2007 Cambridge, MA
o August 11-15, 2008 Washington, DC
0 WWW.Nemc.us
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B
Forum on Laboratory

Accreditation

o Semiannual meeting where TNI
committees, members, and others meet to
discuss common issues

o August 20-24, 2007 Cambridge, MA
o January 18-22, 2008 Newport Beach, CA

¥
|
e Administration
o Advocacy Committee
= Conference Planning Committee
o Financial Audit Committee
= Nominating Committee
o Policy Committee
o Website Committee
o Administrative staff
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B
—-— Advocacy Committee

Activities
o Establish relationships with trade

organizations that have an interest in
accreditation issues

o Establish relationships with EPA Program
Offices

o Develop presentations and papers to
promote TNI

A
B
e el Outreach Efforts: Trade

Associations

- Small focus groups with representation from :
- American Council of Independent Laboratories (ACIL)
- Association of Public Health Laboratories (APHL)
- American Water Works Association (AWWA)
- Water Environment Federation (WEF)
- “Non-NELAP” States

= Primary focus of meetings was to identify their
needs, interest and support for national
laboratory accreditation

zl
)

[
IS . -
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B
s Outreach Efforts: EPA

]

NELAC Special Committee letter in 2006
TNI letter to EPA in 2006

TNI meetings in 2007

- Office of Solid Waste

- Office of Water

- Forum on Environmental Measurement (FEM)

- Office of Inspector General

- Office of Environmental Information

Primary focus was to introduce TNI and indicate
willingness to harmonize efforts and meet
program goals

]

O

]

i

B
R Preliminary Outcomes

- FEM designated EPA liaison to serve on Board
of Directors
- Barbara Finazzo, Region 2

= TNI requested regions to continue to provide
individuals to serve as state evaluators

o Mutual interest in harmonizing drinking water
certification program with TNI efforts

o Continued active participation of EPA staff in TNI
activities

zl
)

[
IS . -
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B
e Website Committee Activities to
Expand Capabilities

Activities calendar for posting committee meetings and
other events

Posting committee minutes
Joining TNI and paying dues electronically

Ordering ISO standards, the generic TNI quality manual
and shirts

Finding TNI-related news as they occur
Reviewing draft standards and voting on them
Providing “How To” guidance for prospective ABs

Linking to NELAC standards, lists of accredited labs and
ABs

{

—— Availability of TNI Standards with

ISO Language Included

TNI Staff have worked with ASTM and ANSI to
reach an agreement to make TNI Standards
available with 1ISO language included

Because TNI must pay a royalty fee for each
integrated document, TNI Bd has instituted a
pricing structure to recover these costs

Both single copy and site licenses will be
available

Look for details on the TNI website within the .
next 2 months

£
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Summary

o The NELAC Institute is poised to take
national accreditation to the next level

~ Improve the accreditation requirements
- Approve more states as accreditation bodies
- Be responsive to stakeholder needs
~ Provide technical assistance
o We need your help!
~ Join our organization
- Join a committee

The NELAC Institute

http://www.NELAC-Institute.org

817-598-1624

jerry. parr@nelac-institute.org

: -
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Recent Developments

within the USEPA on the
Performance Approach

Lara P. Autry
US EPA ORD
August 22, 2007

" A
Overview

m Introduction/History
m Recent Developments

m Implementation Status

Office of Air and Radiation (OAR)

Office of Pesticides and Prevention (OPP)
Office of Solid Waste (OSW)

Office of Water (OW)

m Summary
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= JE
Introduction

m Performance approach to environmental
measurement specifies the minimum
quality of measurements rather than
specifying the protocols and methods to
be used

Agency or State would specify action level

Data users determine and specify
performance criteria

Laboratory select any validated method
meeting specifications

History

m Initiated through the Environmental
Monitoring Management Council (EMMC)
m EMMC recommended use of performance
approach to Administrator
September 1997 — Letter of Intent

October 6, 1997 — Federal Register Notice of
Intent

September 1998 — Implementation Plans
Developed
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" A0
Vision

m Reduce the cost of monitoring

m Stimulate the development and use of
new, more cost-effective monitoring
technologies

m Speed up the introduction of new methods
by eliminating the need for formal
rulemaking

m Improve the quality of science in the
monitoring community

" JE—
Redefined Steps

m The EPA is introducing a framework for flexibility
and quality in environmental measurement.

m Key Goals:

Increased emphasis on specification of flexible
requirements for measurements;

Development of processes for validation that assure
that measurements meet quality requirements;
Increased collaboration with stakeholders to develop
validation processes for new measurement technology;
and

Rapid assessment of new or modified technologies,
methods, and procedures.

81




NEMC 2007 Proceedings - Cambridge, MA

Flexible Requirements

m |[dentification of goals such as action
levels, technology performance, and
mandates or limitations of the program or
project.

m Goals are translated into measurement
requirements.

m Making measurement quality requirements
more flexible.

" S
Measurements Meet Requirements

m Validation

Phase 1 — evidence on general performance
on a range of materials that define a matrix
class.

Phase 2 — demonstrates requirements for a
specific use are met.

m Process will allow for appropriate choice of
specificity.
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Increase Collaboration

m Development of validation processes for
applications of new technology that will
require collaboration with stakeholders.

m Agency must continue to play a key role in
development.

Rapid Assessment
m Agency is committed to rapid assessment
of proposed alternatives to these

requirements and to timely approval of
these alternatives.
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" S
OAR

m Stationary Source Program
No resources to revise regulations
New methods are performance based

m Ambient Air Monitoring Program
Performance approach methods in new areas

m Transportation and Air Quality
Proposed rule for sulfur in diesel
Proposed rule for non-diesel fuels

" J
OPP

m Adopted and fully supported the Performance
Approach for submission of methods by
registrants for pesticides.

m The analyzing of samples to support the
Antimicrobial Testing Program has results
potentially for enforcement purposes that
requires analysis using a method submitted in
addition to analysis by another established lab
in-house method. This needs to be addressed.
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" S
OSW

m Performance approach used since
summer of 1997 and has met the goals of
becoming totally performance based.

m Data quality and performance
requirements for Resource Conservation
and Recovery Act (RCRA)

m Requirements in the RCRA regulations to

assist the regulatory community (i.e.,
removing regulatory barriers)

" S
OW

m Method Update Rule

m Developing multiple technologies and methods
for monitoring the same contaminant.

m Building flexibility into methods based on an
individual- and procedure- based performance
model.

m Providing transparency in method development
by including more information in the method
itself and in additional articles and reports.
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" JE—
OW (cont.)

m Operating an improved Alternate Test
Procedures (ATP) program to address new,
modified methods that go beyond the flexibility
identified in approved methods.

m |nstituting an Expedited Methods Approval
approach to speed approval of newly developed
or modified methods.

m Actively pursuing partnerships for methods
development to bring new technologies into use
faster.

" S
Forum on Environmental
Measurements (FEM)

m Action Agenda specifies implementation of
performance approach
Action Team
Pilot Projects
Strategy Session

m Marketing and partnership development.
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'_
Forces in the Performance
Approach

" JEE
Potential Solutions

m Omnibus regulation change

m Document that describes what one must
do to demonstrate/document quality of
measurement system/data

m “Marketing” strategy to implement and
educate users of document

m Find ways to reduce economic and legal
burden to users
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" J
Summary

m Qutreach

m New Notice of Intent
m Form partnerships

m Training

m Timeline

88




NEMC 2007 Proceedings - Cambridge, MA

SPECIAL SESSION ON
DETECTION AND QUANTITATION
LIMITS
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

The DQFAC Single laboratory
Detection/Quantitation limit
Procedure

Richard Burrows

@007, Testamerics analrtieal Tertng Corp. A1 rghts reperved,
Tertam srica & Danlgn ™ ar tradsm 3 1 of Te §LAm arlca analytcal Teating Corp. NEMC AUQUSt: 2007

TestAmerica

THE LEACER IN ENVIRONMENTAL TESTING

DQFAC DL/QL PROCEDURE

* The procedure was developed from the ACIL
procedure which was piloted for 5 methods by at
least 8 labs per method.

* Modifications to the ACIL procedure were

designed to address shortcomings noted during
the pilot study
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TestAmeric DL DEFINITION

THE LEACER IN ENVIRONMENTAL TESTING

* Detection Limit (DL) - The minimum result
which can be reliably discriminated from a
blank (for example, with a 99% confidence
level).

~ Essentially the same definition as the MDL
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TestAmerica

THE LEACER IN ENVIRONME

QL DEFINITION

» Quantification Limit (QL): The smallest
concentration of analyte demonstrated by the
laboratory to meet the required precision,
accuracy, false negative error rate and gqualitative
identification criteria for the intended purpose.

TestAmer CO GENERAL PRINCIPLES

THE LEACER IN ENVIRONMENTA

Use blanks to define the DL if numerical results
are available

~ Incorporate the mean of the blanks

* QL is based on a spiking level — so precision and
accuracy information at the QL is obtained

= Calculate the lowest expected result (LER) from
QL spikes to protect against false negatives

* Requirement to meet a given precision and
accuracy at the QL is added if defined in the
analytical method
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Tes’rAmencq DL/QL PROCEDURE BASICS

THE LEACER IN ENVIRONMENTAL

Determine Analyze
DL from spikes at :
Determine . )
Elanks QL Verify DL Verify QL
(if=50% of (if =50% of DL _from
hlanks have blanks have Splkes
rium erical numerical
results) results)
DL = X + 15 1. Qualitative id
= B 17
Or DL =ts 1. Are< 5% e
EL =X+ Ks = ol g :IrEeRa% DL?
el réquired grecision
e Bl and accuracy
E@a@nmﬁ

THE LEACER N ENVIRONMENTAL

= Why have a different starting
point when there are
numerical blank values?
~ Blanks provide the most
accurate assessment of
noise and should be used
if available

Do = o0% of
method blanks have
numerical results?

l—Yes

Collect blank
results and
calculate
DL =X +t=
Or
DL=X+Ks
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TesWﬂ menca DL ADJUSTMENT

*  Why a non-parametric test?
~ This non-parametric test
ensures that situations where
non-normal distributions drive
the false positive rate higher
are captured

Do mare than
2% of blanks
exceed the
calculated DOL?,

Raise the DL to:
Highest result if < 20 blanks
Secand highest result if 20-

100 blanks
Level exceeded by 1% of
fblanks if =100 blanks

TestAmerica

T CER N E

Determing Analyze
DL fram spikes at ;
Blanks oL Dgtffrrme werify DL Warify GL
(if =50% of {if <80% of !
blarks have blarks have Spikes
numerizal num erical
results) results)
Ol =% 413 1. Qualitative id
[ I met?
or DL=ts 1. Are < 5%
DL =% +Ks - oF blank g.:ERzDL?
LTS CAre any
Eﬁ;ugifver required precision
= ’ and accuracy
Criteria met?
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TestAmerica

ESTABLISHING THE QL

may be ma

Choose spiking level. Spiking level

isthe initial QL estimate. Must be

at least 2 any DL calculated fram
blanks (initial check of estimate

de with one spike)

y

R@'f.i Sa?nlge Analyze at
# least 7 spikes
repeat at new o
estimated CGL :
F Y

Spiking level is driven by the
blanks if they exist, otherwise
by laboratory experience

~ Qualitative identification is

required

If there are MQOs for
precision and accuracy, these
must be met

11
TestAmerica
THE LEADER IN ENVIRONMENTAL TESTING
Deterrnine Anakyze
DL fram spikes at .
Blanks ol Dgtffrrme werify DL Warify GL
(if 250% of (it <80% of :
blarks have blarks have Spikes
numerizal numerical
results) results)

Ol =% 413 1. Qualitative id

= P I et?

or DL=ts 1. Are < 5%

DL =X +Ks — ot blank é :Irfsazmlf:]L?
L’ﬁ;ul:l;fivover réquired precision
= ’ and accuracy

riteria met?
12
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TestAmerica DL FOR METHODS WITH ND
BLANK RESULTS

THE LEACER IN ENVIRONMENTAL

= |fthe DL was not calculated
from blanks, then it is
assessed from spikes

Was DL

calculated from
?
blanks? ~ These are tests where the
typical blank level is within
No the censoring range of the
= method
Yes
Calculate DL as
DL =ts, where s is
the SD of spikes
¥ v
THE LEACER IN ENVIRONMENTAL TESTING
Determine Analyze
DL from SpiKES at Determine
Blanks o'l Werity DL verify QL
(if =50% of (if =50% of DL _frDm TY W
blarks have blarks have Spikes
numerical numerical
results) results)
Bl =% ate i N E:tzgantative id
or DL=t5 1. Are < 5% :
DL=X +Ks = b g iffaif”
Eﬁsul:l;[i?ﬂ\fer required precisiun
il and accuracy
Criteria met?
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TestAmeric

THE LEACER IN ENVIRONMENTAL TESTINC

% of blanks
exceed the
calculated
OL?

Yes
Faise the DL ta:

» Highestresultif <20
blanks

» Second highest result
if 20-100 hlanks

» Level exceeded by 1%
of blanks if =100

blanks
Calculate
Lowest
Expected
Result
15
TestAmerica
THE LEACER IN ENVIRONMENTAL TESTING

BLANK CHECK AND LER

= The non-parametric check is
applied to all methods

* LER is the “Lowest Expected
Result” from spikes at the QL

LER

Estimate the Lowest Expected Result (LER) from spikes at the QL.
X 0L
ILER = ———— g%t .
=T (Y (n-1,1 Q’=U.95))

¢ Where 5 iz defined in Section 1.2.7.

e Where ¥, is the mean concentration result from the QL spikes.

® fi11-amngs 185 the 95" percentile of a ¢ distribution with n-1
degrees of freedom. Values for f are listed in Table 1.

¢ 57 iz the spike level uged for the QL spike sample.

DL LE

16
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TestAmerica

NEMC 2007 Proceedings - Cambridge, MA

-

Determine Analyze
DL from SpiKES at Determine
Blarks Gl Werify DL Werify QL
(if 250% of (if =80% of DL _frDm W fy
blarks I?a'ue blarks I?a\re SpIKES
el ki

e i N :ﬂ .er:tl?ualitative icf

or DL=ts 1. Are < 5% :

PL =X +Ks = L ; :Fsazm?w
EESUSE?DVEF required precisiun
iR and accuracy

riteria met?
THE LEACER |N ENVIROSMENTAL TESTING
QL is adjusted if necessary so
that there is good confidence
(95%) that a true value at the
i QL will return a result above
x the DL
Raise QL so that o
Lo g Ifthere are precision and
i BS
Zgiﬂi%‘galgi\f;‘ accuracy MQOs they must be
met
_— %
Initial QL ad DL

estimate
completed
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ONGOING CHECKS

TestAmerica

THE LEACER E C

« Data is gradually added but not discarded until
over 3 years old or over 100 data points

« |ntent is that DLs and QLs will become reflective
of routine analysis

= |If there are major instrumentation or process
changes then start data collection over

19

20

-
TestAmencad  oNGOING VERIFICATION
THE LEACER IN ENVIRONMENTAL TESTING

Once per

blgﬂ”&f;d | |vearverity| | oOptional | | Blank Qualid | oo oo
spikes DLs and recalculation check check
Qls
Blanks per
hatch =
Spikes at DL =1s or 1 are<5%  [Spike s
least 4 per o+ O of blank resuits LER = DL?
ear e results over  meet qual.

o the DL? id criteria? =
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TestAmeric COLLECTION OF DATA

THE LEACER IN ENVIRONMENTAL TESTING

Collect method blanks with each batch and QL * Frequency is intended to
spikes at a frequency of 4 per 12 month period. keep costs reasonable
(Collect at least 2 per instrument if multiple . Re-evaluation can be more
instruments are using the sams DL and QL : :
frequent at the discretion of

the QA manager

F

At least once per
year, re-evaluate
the DLs and QlLs

l

2|

TestAmeric OPTIONAL RECALCULATION OF
DL

THE LEACER iN ENVIRONMENTAL TESTING

= Recalculation is optional,
since if the DL is too low, the
J problem will show up in the
verification steps

Optionally, recalculate DLs using the formulas
presented for the initial determination

L
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TestAmeric BLANK CHECK

THE LEACER IN ENVIRONMENTAL TESTING

« DL is checked based on
actual method blank results

Elank Check
If 5% or more blank results are higher than
the DL, then adjust the DL as follows:
Tothe highest result if < 20 blanks
Tothe second highest result if 20-100 blanks
Tothe level exceeded by 1% of blanks if =

100 blanks
23
TestAmeric QUALITATIVE ID CHECK
*  Qualitative identification

criteria (qualifier ions, ratios,
etc) must be met for QL level
spikes

QuaE 1D Check

Al least 95% of QL spikes must meet qualitative
1D critera. 1T not raise the QL and the spiking
level to the level at which gualitative id criteria are
refiably met.

l

24
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TestAmerica LER CHECK
l *» LER check to ensure that
hr false negatives are kept under
Estimate the Lowest expected result from the GL control

level spikes. Ifthe LER is < DL, raise the QL but
do not adjust the spiking level

ITthe QL may be lowered by a
factor of 2 or mare, it may
optionally be lowered. The spiking
level may need to be changed

Ongoing check
completed

25

TestAmeric Kuet

THE LEACER IN ENVIRONMENTAL TESTIN

[e

« t-—targets a false positive rate that will average
1%

* K - targets a false positive rate that is almost
always less than 1%

~ The false positive rate is lower using t, but the
detection limit is higher using K.

26

102




NEMC 2007 Proceedings - Cambridge, MA

TestAnmerica “WHAT WE WANT A
PROCEDURE TO DO”

THE LEADER IN ENVIRONMEN

27

TestAmeri

THE LEACER IN ENVIRONMENTAL TES

* Does the procedure provide an explicit estimate
of bias at LQ for limits that must be verifiable by
labs at those limits?

~ Yes, the spikes at the QL provide verified estimates of
bias

« Does the procedure provide an explicit estimate
of precision at LQ for limits that must be
verifiable by labs at those limits?

~ Yes, the spikes at the QL provide a verified estimate of
precision

28
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TestAmerica FALSE POSITIVE AND FALSE
NEGATIVE RATES

THE LEACER IN ENVIRONM

* Does the procedure provide an explicit false
positive rate for blanks?

~ Yes, the procedure sets the DL at the level statistically
predicted to be the 1% false positive level, and then
verifies and corrects that level if necessary once
sufficient data is available

= Does the procedure provide an explicit false
negative rate at LC for the true value at LD or LQ
that must be observed in labs at LC for the
estimated values of LD or LQ?

~ Yes, the procedure requires that no more than 5% of
QL level spikes return false negatives

29

TestAmerica QUALITATIVE IDENTIFICATION
AND ROUTINE VARIABILITY

THE LEADER [N ENVIRONMEN

* Does the procedure provide that qualitative
identification criteria defined in the analytical
method are met at the determined detection and
quantitation limits?

~ Yes qualitative identification criteria are required to be
met for any results above the DL

* Does the procedure adequately represent routine
variability in lab performance?

~ Yes, the procedure uses routine method blanks and
spikes generated over a period of time.

30
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TestAmerica VERIFICATION AND MATRICES

THE LEACER IN ENVIRONM

* Does the procedure perform on-going verification
of estimates?

~ Yes, both false positives (through blanks) and false negatives
(through spikes) are checked and the DL and QL are adjusted if
the rates are too high

» |s the procedure capable of calculating limits using
matrices other than lab reagent grade water?

~ Yes, it is straightforward to apply the procedure to other
matrices, and there is a blank/QL spike check incorporated into
the procedure for individual matrices such as a specific
wastewater.

31

TestAmerica COMPLETE METHOD AND NON-
LEAE® N ENVIRONMENTAL TESTIMG ZERO BLANKS

* Does the procedure use only data that results
from test methods conducted in their entirety?
~ Yes, this is explicitly required

» Does the procedure explicitly adjust or account
for situations where method blanks always return
a nhon-zero result/response?
~ Yes, the mean blank value is added to the DL estimate

a3
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TestAmerica EASE OF USE AND COST

EFFECTIVENESS

= |s the procedure clearly written with enough
detail so that most users can understand and
implement them?

~ WWe believe so — the procedure is similar to that used in
the pilot study

= |s the procedure cost effective?

~ Yes —the procedure is more expensive than a MDL
that is only performed once, but less expensive than a
MDL that must be repeated each year. In addition,
good QL level bias and precision information is
obtained.

estAmerica MULTI-LAB AND GENERAL

APPLICABILITY

* Does the procedure assess multi-laboratory and
inter-laboratory variability when data from more
than one lab is used?

~ In a multi laboratory setting, the QL would be set at a
level achieved by a specified proportion of the
participant laboratories

* |Is the procedure applicable to all users and test
methods?

~ Yes, we believe so, any test method for which spiking is
feasible
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” The Impact of Calibration Models on
TestAmerica Analyte Detection and Accuracy at

THE LEADER IN ENVIRONMEN Low Conce ntrations

« Example GC/MS Data
« Example ICP/MS Data
= Example ICP Data

35

TestAmerica GC/MS Data

THE LEADER IN ENVIRONMENTAL TESTINC

* Three calibration models, average response
factor, linear regression with no weighting, and
linear regression with inverse square weighting.

« |f a sample gave the same response as our low
standard, what would we detect and report?

36
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TestAmeric One calibration, processed
three different ways

GCIMS inverse square
Avg RRF weighted unweighted
YRSD r2 r2
bis{2chloroethyl)jether 4.68 0.998 0.996
bis{2-chloroisopropyl Jether 4.26 0.999 0.996
n-hitroso-diN-propylamine 6.35 0.998 0.995
nitrobenzene 6.15 0.999 0.998
bis{Zchloroethoxy)methane 514 0.999 0.997
2,4-dichlorophenol 11.54 0.999 0.997
hexachlorobutadiene 3.48 0.998 0.998
2,4-dinitrotoluene 25.72 0.996 0.998
d-chlorophenyl phenyl ether 5.69 0.999 0.998
4-bromophenyl phenyl ether 5.42 0.999 0.99g
hex achlorobenzene 2.4 0.999 0.998
bis{2-ethylhexyl)phthalate 22.24 0.998 0.998
a7
TestAmeric Three different results
THE LEACER IM ENVIRONMENTAL TESTING
GCIMS inverse square

Avg RRF weighted unweighte d
MDL (ugfl}) 0.5 ppm std 0.5 ppm std | 0.5 ppm std

bis{2chloroethyl)ether 0.405 0.53 0.5
bis{Zchloroisopropylether 0.386 0.48 0.5
n-hitroso-di-Npropylamine 0.339 0.45 0.5
nitrobenze ne 0.455 0.45 0.5
bis{2chloroethoxy)methane 0.357 0.46 0.5
2,4-dichlorophenol 0.338 0.39 0.5
hexachlorobutadiene 0.362 0.49 0.5
2,4-dinitrotoluene 0.244 [N 0.5
4-chlorophe nyl phenyl ether 0.412 0.45 0.5
4-bromophenyl phenyl ether 0.267 0.48 0.5
hexachlorobenze ne 0.52 05 0.5
bis{2-ethyl hexyl)phthalate 0.232 05
=20% ermor
38
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TestAmerica ICP/MS Data

THE LEACER IN ENVIRONME

= Compare Continuing Calibration Blank results
using two different calibration models, linear
regression without weighting and linear
regression with 1/X weighting.

24

TestAmerica Thetest

HE LEACER iN ENVIRONMENTAL TESTING

* |If the CCB result is greater than the MDL, you
have a high risk of false positives

« |f the CCB result is less than the negative value
of the MDL, you have a high risk of false
negatives

40
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TestAmeric CCB 1

NVIRONMENTAL TESTING

hot not
MDL weighted weighted MDOL weighted weighted
ugl ugl ugl ugfl ug/| ugl
Li 047 015 0.01 Se 0.42 0.18 0.04
Be 0.03 0.16 0.00 Sr 0.03 0.25 0.00
y 0.05 027 0.02 Mo 0.14 0.16 0.23
Cr 0.42 045 0.06 Ag 0.16 0.15 0.00
Mn 0.06 039 0.00 Cd 0.03 0.02 0.01
Co 002 024 000 :b g-ﬁg g-;g g-gz
Ni 018 026 000 & : ' :
Cu 0.24 028 0.04 Tl 0.06 0.28 0.00
n 1.25 0.14 005 Pb 0.06 0.12 0.00
As 0.28 0.20 0.01
41
TestAmeric Method 300
Nitrate
MDL Linear Linear Linear Linear
0.0082 unforced Forced 1ix 11%2
0.05 2247869 339.37% 5.43% 18.18% 0.75%
05 20450323 19.65% -15.89% -11.19% 8.04%
25 1.06E+08 £.98% -11.82% 9.11% -4.16%
5 223E+08 5.26% 5.36% -3.99% 0.94%
10 4.84E+08 1.54% 2.14% 4.22% 8.86%
r 0.9980 0.9985 09985 09978
PEE 182.04% 958% 13.04% 7.47%

42
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THE LEACER IN ENVIRONMENTAL TESTING

« DQ/QL procedure
~ Uses long term data
~ Takes account of blank bias
~ Considers qualitative identification

~ Checks actual performance against the
calculated limits to accommodate non-normal
data

~ Develops precision/accuracy information at the
QL

Whatever the DL/QL procedure, careful selection of
the appropriate calibration model is vital to achieve
accurate quantitation at low levels

43

TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Luestions?

Richard burrows@testamericainc.com
(303)736-0100

44
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Federal Advisory Committee on

Detection and Quantitation and
Clean Water Act Uses

Environmental Measurement
Symposium
August 22, 2007

Why does anyone care about detection
and quantitation?

Facility X

Facility Y

Analyte

Aluminum

Chromium VI

Water Quality Standard

87 ug/L (chronic)

11 ug/L (chronic)

Quantitation Limit

100 ug/L (MQL)

750 ug/L (acute) 16 (acute)
WQBEL DML = 87ug/L DML = 16 ug/L

AML = 58 ug/L AML = 8 ug/L
Method Method 208 Method 218.4

10 ug/L (ML)
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What got us started?

» Longstanding concerns about how a Method
Detection Limit (MDL) or Minimum Level (ML) is
calculated and used in laboratory and regulatory
programs

. Industry filed suit challenging the procedures used
for determining detection and quantitation levels

« EPA and Industry reached a settlement agreement
in October 2000

o Assess detection and quantitation procedures and take
comments on draft

2 Take final action on assessment and any proposed rule
amendments on November 1, 2004

What happened next?

. Proposed MDL and ML changes to 40 CFR
Part 136

Received 136 comments indicating EPA
could do better

= On November 1, 2004, decided to withdraw
rule amendments and conduct a situation
assessment by a neutral third party
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What did the situation assessment
recommend?

Common issues

o Current MDL/ML does not sufficient account for variability of results within and
between labs

o Need to address background contamination, matrix and recovery effects, false
positive and negative rates

a Need for a common set of terms and definitions

o Need for consistency use of MDL and ML in reporting and determining
compliance

Recommendations

o  Federal Advisory Commitiee should be formed to reach agreement on
=  Definition of terms
=  One or more approaches for detection and quantitation for Clean Water Act purposes.
Pilot test most promising procedures before deciding.

= Interpretation and uses of numbers
o FAC should be balanced set of stakeholders; EPA should be at the table.
a FAC recommendations should be incorporated in rulemaking

FAC charter effective May 31, 2005 for two years.

’ Who is on the FAC?

4 members each

2 Environmental labs
o Water Utilities

2 Environmental Community (one later resigned)
2 Industry

o State Government

1 member

a EPA
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'What's happened thus far?

 Seven face-to-face meetings of the FAC; one FAC
conference call

 Over 100 meetings of several workgroups, subgroups and
strike teams

i Several meetin?s of EPA's internal workgroup
representing offices across EPA

+ Pilot study of candidate detection/quantitation procedures
a2 A dozen candidates narrowed to three pairs
o Tested five methods over several weeks in 6-8 labs

+ Original FAC Charter extended on May 30, 2007 to allow
FAC to finish its work

| What are the issues facing the FAC?

« Single lab procedure
« Laboratory verification of DL and QL -- should it be more
frequent than the current practice of once per year?

= Multi lab/interlab procedure for calculating national limit -
- discussions concerning number of labs, data collection
time frame, calculation for the national limits

. Matrix effects — how should permitting authorities deal
with these effects?

» Uses of detection and quantitation in permitting — permit
limits, reporting, compliance calculation; heavy reliance
on national QLs, laboratory DLs
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' What issues are beyond the FAC?

= Time didn’t permit FAC from discussing

o Use of detection and quantitation for other CWA uses,
including reasonable potential, ambient monitoring,
water quality criteria . . .

o Updating the Alternative Test Procedures Program;

but need to calculate a national quantitation limit is an
issue for ATP submittals

= Should the new procedure apply to drinking
water and solid waste methods?

What are the implementation issues?

= What is the lead time labs need to learn the new procedure?

= Which states will need to make corresponding changes in their rules
and should this influence the effective date of any new rule?

= How do we ensure method developers are aware of the new
changes?

« The reporting and compliance determination recommendations rely

heavily on the existence of national QLs which raises several
issues:

o Full implementation will take years. How do we operate a dual system in
the meantime?

o Should EPA grandfather some of existing ML into the new program,
making them de facto national Qls?

o How does EPA prioritize the creation of national QLs for existing and
new methods?

o Is there a more streamlined approach to generating national QLs?
Laboratory-generated data?
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’ More implementation issues?

= What guidance is needed for states?

o Confusion between the old and new program, and lots of different QL
types (national, state, permit, lab)

o Guidance accompany the final rule would ensure consistent state
implementation and a level playing field

o Coordination with EPA Regions and States critical — training and
workshops are needed regarding permit writing, reporting, compliance
determinations

« What partnerships should EPA form to ensure smooth
implementation?

o Laboratory certifying and accrediting programs; ACIL
o NACWA
o ASIWPCA
o Others?
=  Will EPA have the right resources?

’ What are the next steps?

= Three more FACDQ meetings
o August 28, 2007 — conference call
o September 19-21, 2007 — key decisions meeting
o December 5-7, 2007 — approve final report

= Post FACDQ

o Proposed rule -- December 2008
Final rule — December 2009
o Implementation

o Methods in the rulemaking queue
= PCB
= Flame retardants
= Two PPCP methods

O
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SHAW ENVIRONMENTAL

lmrovements to the Statistical
Procedure for Determination of
Minimum Reporting Levels for EPA

Drinking Water Methods

Stephen Winslow', John Carson', Barry Pepich?, David
Munch?, Steven Wendelken?, John Martin®, James
Sigmund?, Richard Krop?

'Shaw Environmental, Inc.

2U.S. Environmental Protection Agency,
Office of Ground Water and Drinking Water,

3The Cadmus Group, Inc.

1

Introduction

« Office of Ground Water and Drinking Water
(OGWDW) U.S. EPA

— OGWDW publishes quantitation level protocol for
Lowest Concentration Minimum Reporting Level
(LCMRL) November of 2004

— LCMLR developed in conjunction with the second
cycle of the Unregulated Contaminants
Monitoring Rule (UCMR2)

— Downloadable calculator & information available
at the OGWDW website

— LCMRL concept described in research article and
in feature article in ES&T

NEMC Bosion 8-22.07 5"@‘:! world of Solutions™
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Overview

Why OGWDW evaluated new quantitation
procedure that included precision as well as
accuracy

LCMRL Implementations to Date
Goals for Improvements

Results

Improvements to LCMRL calculator

Multi-lab Determination of Minimum
Reporting Level (MRLS)

MRL verification - simpler procedure for day-
to-day operation

NEMC Boston 8-22.07 Stéa worlg of Solutions™

Why EPA evaluated new quantitation
procedure

Quantification Limit: The smallest
detectable amount or concentration of
analyte, greater than the detection limit,
where the required precision and
accuracy is achieved

NEMC Bosion 8-22.07 Sé‘a world of Solutions™
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Why EPA evaluated new quantitation

procedure

« OGWDW needed single-lab procedure that
evaluated quantitation level in terms of both
precision & accuracy
— Precision - How reproducible
— Accuracy - How close to true value

* Quantitation level based solely on precision
(using standard deviation) does not consider
non-ideal processes such as:

— Presence of analyte interferent

— Analyte absorption or degradation by instrument
— Loss of analyte in extraction step

— Matrix enhancement

NEMC Boston 8-22.07 5 Stéa worlg of Solutions™

Lowest Concentration Minimum Reporting
Level (LCMRL) Determination

» Definition: The lowest concentration MRL
(LCMRL) is the lowest true concentration for
which future recovery is predicted to fall,
with high confidence (99%), between 50 and
150% recovery

« Although the LCMRL is defined in terms of a
probabilistic statement of coverage, itis in
practice determined by precision and
accuracy

NEMC Bosion 8-22.07 5&%‘:3 world of Solutions™
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LCMRL Determination

« LCMRL takes into account precision and
accuracy, simultaneously applied

* Multiple-concentration regression approach

* Created for OGWDW, but flexible to meet
other program designs

« LCMRL determined during method
development

« Simpler MRL verification procedure to be
used to evaluate lab capability at
predetermined level

NEMC Boston 8-22.07 Stéa worlg of Solutions™

Present LCMRL Calculator

Perchlorate in DI Water

057 99% Prediction Interval
Upper Bound

Lower Bound

Measured Concentration (ug/L)
(=]

R R e o e R s
005 010 015 020 025 030 035 040 045 050 D55 060

Spiked Concentration (ug/L)

NEMC Bosion 8-22.07 5"@‘:! world of Solutions™
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Present LCMRL Calculator

Perchlorate in DI Water

11
150% Recovery Line
05 "
’//
.

> .

04 i -
///

03 el

024

Measured Concentration (ug/L)

50% Recovery Line

005 010 015 020 025 030 035 040 045 050 055 060
Spiked Concentration (ug/L)

NEMC Boston B-22-07 * aworld o Solutions ™

Perchlorate in DI Water

06
) o
D os o
S . > *
E o E _.// _//
C 1 P 7
® sl _/"'/
= 1 o P
L= o 3
o 1 £
T 021 g o
1 . -
g A
8 0] oWV 2
i1 1 8~ Perpendicular to the X Axis
= —% = LCMRL=0.15uglL

005 010 015 020 025 030 035 040 045 050 D55 060
Spiked Concentration (ug/L)

.I'\
NEMC Bosion 8-22.07 Sé‘a world of Solutions™
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Present LCMRL Calculator

VWLS Plot of True vs Measured Concentration

+ Case of non- 3{— Fegresson _
Lower/Upper P| e

constant | =~ 50% - 150% Recowery
variance = L ——

* Use variance
weighted least
squares
(VWLS)

» Prediction
interval taken o
at each point 3

. MOdEl Ilnk6d % oz o4 olsTOF.BDD 1 1.'2IL 14 15 18 2
point-to-point ISR

Measured Concentration ug/L

NEMC Boston B-22.07

Why Accuracy, too

» Both precision & accuracy are needed for a
quantitation level

» But quantitation level often defined as 10
times the standard deviation
— Takes into account precision only

* When non-ideal process occur, such as
analyte absorption, degradation, and
extraction loss, a precision multiplier may
not be adequate

NEMC Bosion 8-22.07 Sé‘a world of Solutions™
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Why Accuracy, too

« Example: | /
— At right, Fenvalerate

instrument calibration
curve

— At low-level 1 /
concentration, 1
fenvalerate is prone to 7
adsorption/degradation !
by injection port active ] 7
sites God W&

— Non-linearity and lack of | | ~
fit at low end of curve are| o= ;

evidence of non-ideal 3 Anout sacio ‘

processes o= 5.138-002 ‘Eﬁ.—?..‘iﬂ?'m.;d Be-003

NEMC Boston B-22.07

Fenvalerate: ]

—QLygesp =0.25ugll |- | N ]

- At upper right, 0.20 :‘V”W ‘Wf” i M ..
ug/L chromatogram ||

- At lower right,

spectrum showing |~
quantion m/z 167 | \

H /
\"\n
JEANY

TatH e T T T 8 27 55 26,00 20,05 28 10 2818

FeuEwres SRS 06 T LZ0E 0
1
14000)
2000
0000)

NEMC Boston 8-22-07

124




NEMC 2007 Proceedings - Cambridge, MA

Why Accuracy, too

 Determined

by LCMRL, b 150% DQO Iine
Fenvalerate 12 1
quantitation 2.
level = 0.65 %L
o Prediction interval lines
ug/L 3 0o
§ = 505 DQO ling
= 041
02
TRl . I Licvs.iloecod.ciche- -
) 00 01 02 03 04 05 'J."‘ 07 08 08 10 11 12 13 14

True fortified value (ug/L)

NEMC Boston 8-22.07 Stéa worlg of Solutions™

Pl i TR T SR

* Fenvalerate =
— LCMRL = 0.65 ug/L i | f
— At right, chromatogram - A
and ion trace at 0.5 - 1) [
ug/L " J b o)
~Quentionmiz167 now  SEESEGEIRI I P
largest ion a i
« LCMRL and QL ,sp “ 2|1
tend to be dissimilar 4
when low-level - . | &5
accuracy is an issue 1 -1, | * <
Ll [T .

NEMC Boston B8-22.07
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LCMRL Uses to Date

« LCMRL approach promulgated in second
cycle of OGWDW's Unregulated
Contaminant Monitoring Rule (UCMR2)

 LCMRL reported in EPA Methods 314.1,
331.0, 332.0, 5621, 527, and 535

* New methods coming out with LCMRLs

» For initial demonstration of laboratory
capability, MDL determination is optional,
only MRL verification required

NEMC Boston 8-22.07 SOQ aworld of Solutions~

Improvement Goals for LCMRL Calculator

* More robust

« Simpler to implement, or as easy to use

* No additional burden

» Readily available

NEMC Boston B8-22.07
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* Modeling capacity was improved

— New variance function covers both cases
of constant and non-constant variance

* No need to distinguish between OLS and VWLS
conditions

« Variance modeled by continuous function
rather than using point-to-point estimation
about each spiking level

— Mean regression line now has quadratic
option in addition to linear

NEMC Boston 8-22.07 50@ aworld of Solutions~

+ Calculator handles wider range of real world
situations

— Not as particular about selection or range of
concentration

— Reduces effect of aberrant results at highest level

* Outliers included, but influence on mean & standard
deviation models down-weighted

« Simpler, or as easy to use
— Don'’t need to decide about apparent outlier
— Statistics are more sophisticated, but no additional
work required

— Previously four levels of seven replicates (28 total),
now seven levels of four replicates (28 total)

NEMC Boston 8-22.07 2 5"@‘ aworlg of Solutions™
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+ Graphical i;ﬂ'::r_z..
example of ”
new T
calculator < |

I

» Actually .
solved by ..
probability |
coverage | 7

(next slide) " R TR "

NEMC Boston B-2207
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« Mean & variance
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to create |
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that level will Gy (O %
result in e
recovery SRS

between 50 &
150%, inclusive

NEMC Boston 8-22.07 2 Sé‘a world of Solutions™
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LCMRL Flexibility

* OGWDW uses 50 to 150% recovery with 99%
confidence, but data quality parameters can be
adjusted to program needs

— Use of data below the quantitation level is up to
data user to decide

— Data can be generated over time to incorporate
temporal variability

— Number of replicates at each level don’t have to
be the same as long as minimum number met

— Data can be generated using particular matrix

2 “w..\
NEMC Boston 8-22-07 SIQ= a world of Solutions™

Multi-Lab MRL

* Multi-lab LCMRLs are used to generate
minimum reporting levels (MRLSs),

— MRLS are nationally attainable quantitation levels
determined by regulatory agency such as
OGWDW

» For UCMR2, MRLs were defined as:

— Three labs
« MRL = Mean + three standard deviations

- Two labs
« MRL = Mean + 3 X absolute value (LCMRL 1 - LCMRL2)

— MRLs rounded to one significant figure

NEMC Boston 8-22.07 5&% aworld o” Solutions~
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Multi-Lab MRL

* Multi-lab MRL procedure is work-in-progress
* Challenges
— Add more labs, five labs instead of three

— Get more information about distribution by using
data generated during LCMRL determination
instead of just using the final LCMRL value

— Previous procedure (mean + 3 sigma) uses “tail”
of distribution when uncertain of distribution itself

 Further models considered
— Composite model

— Random Effects model
— Bayesian Bootstrap: strongest candidate

NEMC Boston 8-22.07 2 Stéa worlg of Solutions™

MRL Verification Procedure

* The LCMRL procedure is a sophisticated
model that accounts for a complex world
— Performed during method development and used
to generate multi-laboratory MRLs
« The MRL Verification procedure is much
simpler than LCMRL determination
— Performed in analytical lab initial demonstration
of capability
— Not necessary to re-determine the lowest limit

— Used to make a decision at pre-defined MRL,
either DQOs are met or not

NEMC Boston 8-22.07 26 5&%‘ aworlg of Solutions™
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MRL Verification Procedure

- Seven replicate samples are fortified at single
concentration at the MRL or below, and taken
through entire method procedure

— MRL verification is not iterative like the MDL
— Only single level used

« A prediction interval of results (PIR) calculated:

[ 1
* PIR= Meant sxt | x,/l+—
Q'Y'.l—:ﬁ}‘ N

where S = standard deviation, t = students t, N =
# of samples

- Laboratories simpl¥ need to verify that PIR interval
is between 50 and 150%

NEMC Boston 8-22.07 2 Stéa worlg of Solutions™

Summary

* New LCMRL calculator version more
statistically robust, easier to use
— No increased burden on labs,
— Takes into account precision & accuracy
— Ready to be applied to more challenging matrices

* A simpler procedure for MRL verification is
available for day-to-day lab operation

* Currently working on procedure for multi-lab
MRL determination

* Work now in-progress to make revised
calculator available on-line:
www.epa.gov/safewater/methods/sourcalt

NEMC Boston 8-22.07 28 5&%‘ aworlg of Solutions™
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Extra Slides: Multi-Lab MRL Work in-Progress

*« Composite model

— Creates mixed function from mean & variance
functions of individual LCMRLs

— Mixed function run through LCMRL
calculations to compute MRL
— Tricky aspects

« Assumes mean and variance functions are
independent

« Difficult to find algorithm that averages distribution
of mean and variance functions

NEMC Boston 8-22.07 3 5"@‘ aworlg of Solutions™
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Extra Slides: Multi-Lab MRL Work in-Progress

« Random effects Model

— Extension of variance model, how intercept &
slope vary

— Form mixture model from individual mean &
variance functions of single-lab LCMRL
determinations

— Search routine used to synthesize an aggregate
mean & variance function

— Process through calculations similar to LCMRL

— Theoretically best model

— Weaknesses

+ Possibility of non-convergence to solution
» Difficult to implement

NEMC Boston 8-22.07 3 Stéa worlg of Solutions™

Extra Slides: Multi-Lab MRL Work in-Progress

« Bootstrap Model: Creates additional data sets by
randomly “resampling” values from existing data to
repopulate levels for new dataset

« Bootstrapping example:
— Given original data set of one concentration level: 6, 7, 8, 10
Random sampling from this set might be 7, 6, 10, 7
A value can be selected more than once
Resample to repopulate all levels; solve for LCMRL
For 4 replicates @ 7 levels,
« Max number of resampled LCMRLs = 4! times 7 = 168

Rank 168 values from each of 5 labs in ascending order
(total 848)

— Upper limit cut-off with 95% confidence = 0.95 x 848 = 806
— MRL is 806th highest bootstrap LCMRL

|

NEMC Boston 8-22.07 32 5&%‘ aworlg of Solutions™
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Extra Slides: Multi-Lab MRL Work in-Progress

* Bootstrapping
— Does not assume normal distribution
— Can use small sample sizes <20
— Easiest to implement
— Shown reliable use

NEMC Boston 8-22.07 33 50@ aworld of Solutions~
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Detection and Quantitation
Procedures Pilot Study
(2006 — 2007)

Study Design

Federal Advisory Committee for Detection and
Quantitation Uses in Clean Water Act Programs

Timothy W. Fitzpatrick
Florida Dept. of Environmental Protection

&,
.%

Wb

- o

Study Design Team

Representative Caucus Group
Zonetta English Public Utilities
Richard Rediske Environmental
Richard Burrows Laboratories
Larry LeFleur Industry
Richard Reding EPA

Bob Avery States
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Terminology

o Procedure - a set of written, step-by-
step procedures for establishing a
detection or quantitation (D/Q) limit;

o Method - written instructions describing
the preparation and analysis of a sample
for the measurement of an analyte or
analytes;

More Terminology

o Censored Method - methods that
produce no quantitative response below a
certain signal threshold

o Uncensored Method - methods that
produce a quantitative response for every
measurement regardless of analyte
concentration
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Procedures Terminology

o Single Lab - a procedure that establishes
D/Q limits using data from a single lab
and that are applicable only to thatlab;

o Multi-Lab - a procedure that pools single
lab D/Q /imits to establish ‘consensus’ D/Q
limits across labs;

o Inter-Lab - a procedure that pools single
lab measurements to establish ‘consensus’
D/Q limits across labs;

D/Q Limits Terminology

o Lc - Critical Level or Detection Limit (DL)

The minimum result that can reliably be discriminated
from a blank (e.g., with a 99% confidence level);

o Ld - Detection Limit

The lowest concentration that will almost always be
detected (controls false positives and false negatives);

O Lq = Quantitation Limit (proposed definition)

The smallest concentration greater than the DL
demonstrated by the laboratory to meet the required
precision, accuracy, FN error rate and qualitative ID
criteria for the intended purpose;

o Yc - ‘Signal Level’

A decision level similar to Lc (in the measurement
domain); Used in the Hubaux-Vos and ASTM IDE
procedures;
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How Were Procedures Evaluated?

o Against Defined Measurement
Quality Objectives;
o Against 15 Desired Characteristics

of a Procedure Defined by the
FACDQ;

It was not the intent to compare
the D/Q limits derived by each
procedure to one another;

Four Pilot Study MQOs

1. </= 1% False Positive Rate at DL;

2. </= 1% False Negative Rate at
the QL relative to the DL;

3. Precision at QL of +/- 20% RSD;

4. Accuracy at QL of 50% - 150%
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Detection Procedures Tested

Procedure Type

EPA OGWDW Single and Multi-

Hubaux-Vos Yc Lab* (Regression)

ACIL MDL Single Lab (Non-
regression)

ASTM IDE Inter-Lab*

(Regression)

* Tested as a single and inter-lab procedure;

Quantitation Procedures Tested

Procedure Type

EPA OGWDW Single Lab or Multi-

LCMRL Lab* (Regression)

ACIL ML Single Lab (Non-
regression)

ASTM IQE Inter-Lab*

(Regression)

* Tested as a single and inter-lab procedure;
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ACIL Detection and Quantitation Procedure

Operational Overview

Methods divided between uncensored and censored;
o Uncensored

-

.

Lab estimates Lc as mean plus K times standard
deviation of blanks

Lab chooses Lq spiking level. This must be at least 2xLc

Spikes at Lq must meet quantitation MQOs: 50-150%
average recovery and 20% RSD for the pilot study

Ongoing spikes at least once per quarter
Reassess at least once per year

o Censored

-

020

010

005

0.00

Lab chooses Lq spiking level

Spikes at Lq must meet MQOs: 50-150% average
recovery and 20% RSD for the pilot study

Lc calculated as K times standard deviation of the spikes

Lg must be at least 2xLc and qualitative ID criteria must
be met

Ongoing spikes at least once per quarter
Reassess at least once per year

Hubaux-Vos Yc Detection Procedure
Graphical Depiction

R pper and Lower Predigtion Interyals
1 “" based on de€ired a and B
1 L ]
1 °
] .
1y. 4 )
] ]
] Le Lo
0.00 0.05 0.10 0.15 020

True Concentration (ug/L)
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LCMRL Quantitation Procedure
Graphical Depiction

06

99% Prediction Interval
1 Upper Bound
0s 4 .
b
» 150% Upper QC Bound ®
.
] . 99% Prediction Interval
' Lower Bound
4 L]
02 4
® 50% Lower QC Bolnd
1 e - Perpendicular to the X Axis
LCMRL = 0.15 ug/L

Spiked Concentration (ug/L)

ASTM IDE/IQE

Operational Overview

O A minimum of one sample at each of a minimum of five
concentrations are analyzed by a minimum of six laboratories;

O The concentrations must range from less the L. to the linear
range of the method at specified intervals;

O Optionally outlying laboratories and/or data points may be
removed per ASTgl D2777:

O The response curve is statistically evaluated and the appropriate
standard deviation vs. concentration model is selected;

O Thel,, L, and IQEs are calculated based on the model selected;

O “The IDE is computed to be the lowest concentration at which
there is 90 % confidence that a single measurement from a
laboratory...will have a true detection probability of at least 95 %
and a true nondetection Probabmty of at least 99 % (when
measuring a blank sample).”

O IQE - Lowest conc. with estimated Z% RSD (20%, 30% tested);
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Methods Included in the Pilot Study Test

Method Analytes Targeted
200.7 (ICPAES) 24 Elements (including P)
300.0 (IC) 7 Anions
335.4 Total Cyanide
608 (GC) 18 Chlorinated Cmpds + 2

Aroclors
625 (GC/MS) 52 Compounds

Number of Number of
Method Class Analyte ) Analytes
Labs*
Evaluated
EPA 200.7 Trace elements via ICPAES 8 11

Determination of Anions by
EPA 300.0 Ion Chromatography 7 7
(Method A)
Total Cyanide
Distillation with Se mi-

y 5.
ERA 3354 Automated U :
Spectrophotometry _
Organochlorine Pesticides and
EPA 608 PCBs by GC/ECD 6 18
EPA 625 Extractable Semivolatiles - 18

Capillary Column GC/MS
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How was the study conducted?

o Labs were vetted following their response
to a solicitation (8 labs per method
targeted);

o Lab-specific information collected
Workload/Experience with the analysis;
Instrumentation;

Calibration levels;

Estimated spiking levels for ACIL and LCMRL
procedures;

Historical blank data (30 batches or 6 months of
data for FP rate assessment) to assess long term
variability;

How was the study conducted?

o Labs Prepare/Analyze Samples for ACIL
MDL/ML Determination;

o Labs Analyze '‘Blind” Samples

120 blind samples analyzed over a period of 3
weeks to assess ‘long-term’ variability;

Concentrations cover the expected range of
LCMRL spike levels cited by labs (10 replicates
of 12 concentrations incl’d blank)

o Aroclor Confirmation Samples Analyzed;
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How was the study conducted?

o Labs determine their own short-
term ACIL D/Q estimates and
LCMRL quantitation estimate;
(Hubaux-Vos software wasn't
available yet);

o Electronic Data Submitted for other
D/Q estimates to be determined by
contractor (H-V, ASTM IDE/IQE);

Post Pilot Study Evaluation
Other Procedures and Data Considered

O Procedures Evaluated (Not Pilot Tested)

Consensus Group Procedures for Evaluating the
Critical Level and Quantitation Limit

East Bay Municipal Utility District Lab QC
Procedure

O Other Data Sets Evaluated

Michigan Manufacturers Association (MMA) PCB
Data used to Evaluate Regression based
Procedures
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Draft Pilot Study Report
May 24, 2007

@

http://www.epa.gov/waterscience/methods/det/
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Detection and

Quantitation Procedures
Pilot Study

(2006 — 2007)

Lessons lL.earned

Federal Advisory Committee for Detection and Quantitation Uses
in Clean Water Act Programs

Timothy W. Fitzpatrick
Florida Dept. of Environmental Protection

Recap - De tectiton Procedures Tested

Procedure Type

EPA OGWDW Single and Multi-
Hubaux-Vos Yc Lab* (Regression)
ACIL MDL Single Lab (Non-

regression)

ASTM IDE Inter-Lab*
(Regression)

* Tested as a single and inter-lab procedure;
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Recap - Quantitation Procedures Tested

Procedure Type

EPA OGWDW LCMRL Single Lab or Multi-
Lab* (Regression)

ACIL ML Single Lab (Non-
regression)

ASTM IQE Inter-Lab*
(Regression)

* Tested as a single and inter-lab procedure;

Number of | Number of Analytes

Method Class Analyte
| y Labs* Evaluated

EPA 200.7 Trace elements via ICPAES 8 11

Determination of Anions by Ion
EPA 300.0 Chromatography 7 7
(Method A)

Total Cyanide
EPA 335.4 Distillation with Semi-Automated B 1
Spectrophoto metry

Organochlorine Pesticides and

KFa 608 PCBs by GC/ECD

. Extractable Semivolatiles
A G2 Capillary Column GC/MS g s
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Recap - Pilot Study DQIs/MQOs

1. </= 1% False Positive Rate at DL;

2. </= 1% False Negative Rate at the QL
relative to the DL;

3. Precision at QL of +/- 20% RSD;
4. Accuracy at QL of 50% - 150%;

Ongoing discussion regarding what
confidence limits were intended for MQOs;

Fvaluation against 15 criteria identified by

the FACDQ as desirable characteristics

‘What we need a procedure to do’
= Address bias, precision, FP, FN;
= Address qualitative identification;
= Represent routine lab variability;
= On-going verification steps;
= Address non-zero blank response;
» Address intermittent contamination;
= Be cost effective and clearly written;
= Applicable to all users and test methods;
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[nformation Overload...

o 3 DL & 3 QL Tested Procedures + 2 Additional
Procedures Evaluated (not pilot tested);

o Single-Lab and Inter-Lab Evaluation;
o 5 Analytical Methods;

o > 100 Analytes (55 analytes evaluated plus the
MMA PCB dataset and PCB verification data);

6 — 8 Labs per Method;

120 Blind Spikes per Analyte at 12 Concentrations;
Historical Blank Results (30 Batches or 6 Months);
4 DQIs;

Data Evaluation w/ & w/o Outlier Removal;
Laboratory Comments and Test Information;

General Observations

o Labs generally did not generally express difficulty
following the single-lab procedures (although not
all labs interpreted or implemented the
procedures in the same manner);

o Computer analysis was needed for regression
procedures; Some difficulties expressed;

o Most of the MQOs were met most of the time;

= The likelihood of meeting the target MQOs depended on
what the procedure targeted; Where a procedure targets
a less stringent MQO than tested by the study, that
study criterion would not be expected to be achieved
most of the time; (e.g., IQE doesn’t target accuracy and
targets a 5% FN rate);
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General Observations — MQOs

o Large differences in achieving MQOs were
observed between labs;
= As might be expected, differences in MQO
success were observed among analytes for a
given method;
= Some MQO differences among labs could be
attributed to how the method was applied

(e.g., phenols recovered better with CLL vs.
separatory funnel extraction);

Phenol by Method 625

Response (Y) vs. True Concentration (T)

100 1

80

60

Response (Y)

i =
40 | | —calee

20 — '

.n*’if caa il

|

|
1 40 TJ (i) i 1] 190
20 |
True Concentration (T)

[ + Data — OLS (Constant-SD Model) — WLS Fit
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General Observations — MQOs

o Regardless of procedure, the concentration at
which MQOs for precision and recovery were met
varied with method, analyte and lab;

» For Method 300.0, the RSD target was achieved at a
lower concentration than the recovery; For 608 and 625,
the trend was reversed;

o Data censoring and non-normally distributed data
may have affected the MQO success in some
cases;

= Partially censored data sets can result in biased D/Q
limits by obscuring the ‘true’ distribution; Non-normally
distributed data was often observed at the low
concentration region for regression procedures;

Normality Test for 200.7 Pilot Study Spikes
(P - Pass; F - Fail)

Spike Level (1 —lowest; 12 — highest)

Al F F F F F F P P F F F P
As F F F F F F F F F P F P
Be F F F F F F P F P P P P
Cd F F F F P P F F P F F F
Ca F F F F F F F F I P I P
Cu F F F F P P F F F 5 F P
Ph F F F F F F F F P F F P
Mn F F F F F F F F F 5 I P
K F F F F F F F F F 5 F F
Ag F F F F F F F F F I F F
Zn F F F F F F F F P F P P
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General Observations — False Positive

Rates

o Procedures based on extrapolation from
spiked samples were more prone to
unexpected false positive rates;
= For censored methods, the relationship

between recovery and concentration may not

be linear in the region around D/Q as assumed
by regression procedures

= The level of apparent background
contamination varied widely among labs;

» The method blank data and study data were
not from the same time period;

General Observations — False Positive

Rates

o The ACIL procedure for uncensored
methods performed very well;

= The ACIL procedure was developed to target a
specific false positive rate from long-term
method blank data;

= The data used to determine the ACIL detection
limit incorporated much of the variability
observed in the longer term record used to
measure FP rates;

o Intermittent blank contamination was
most often responsible for FP rate failures;
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Mean False Positive Rates (w/ Outlier Removal)
Single Lab Procedures

% False Positives

HubauxVosYe  act MpL ASTM Ye AsTML: 2 °
w0

Method Number

Mean False Positive Rates (w/ outlier removal)
Inter-lab Procedures

T
w e
=g B ASTM Yc
B ASTM Lo
0 Hubaux-Vos Yc
HubauxVaos Yc

ASTMLC

3000 1354 ASTMYc

Method Number a5
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General Observations - False Negative

Rates

o The false negative (FN) rate was the most
difficult to achieve and failed most often;

= the FN rate depends on two limits: detection
and quantitation; a bias in either limit will
affect the FN rate;

= For the ASTM procedure, FN rates depended
on the detection criterion used (Lc vs. Yc);

= The ACIL procedure performed very well (when
implemented correctly); Some procedures had
problems with this MQO;

General Observations - Accuracy

o Mean recovery failures were seldom
outside the 50% - 150% criterion range;

= Failures were observed on both the high and
low side;

= Low side failures were mainly for a few
problematic analytes in Method 625 and 608;

= High failures were primarily for Method 300.0
analytes;

= Some analytes failed for accuracy throughout
the study range;
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General Observations - Precision

o For some methods and analytes, the MQO
for precision failed throughout the
concentration range;

= This phenomenon was observed for several
analytes in Methods 608 and 625;

General Observations — D/Q Limits

o Large differences were observed among
calculated D/Q limits;

= The differences were greater among labs than
among procedures in individual labs;

= Part of the observed differences might be
attributable to labs targeting different limits in
their studies (e.g., the ACIL procedure did not
require labs to target the lowest limits
achievable);
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Procedure Performance

o ACIL MDL & ML

= Met the study MQOs more frequently than
other procedures (since it was designed to
meet study MQOs);

= Most failures to meet MQOs were due to
improper implementation by the lab (indicating
a need for clarification);

= Met more of the FACDQ desired procedure
criteria than the other procedures;

= Recommended by FACDQ for modification into
a robust, single-lab procedure;

Procedure Performance

o Hubaux-Vos & LCMRL

= Hubaux-Vos did not perform well overall as a
detection procedure and was not recommended
for pairing with the LCMRL quantitation
procedure;

= LCMRL would need to be paired with another
detection procedure (such as ACIL) to evaluate
FP/FN rates;

= LCMRL did not establish quantitation limits for a
number of 625/608 analytes (primarily due to
recovery limits not being attained);

= A weakness in the study design was that the MRL
portion of the LCMRL procedure was not tested;
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Procedure Performance

o IDE/IQE
= Large differences among laboratories were
observed with these procedures, probably

because of differing lab capabilities to control
interferences and contamination;

= Failed to meet study MQOs more frequently
than other procedures (due to procedure MQOs
differing from study MQOs);

= Good at assessing MQOs across the range of
concentrations;

» Considered useful for method evaluation
studies across laboratories;

Procedure Performance

o Consensus Group Procedure
= Not pilot tested;
= More complex version of the ACIL procedure;
= Concepts from this procedure should be used

to improve the ACIL procedure;

o East Bay Municipal Utility District
Procedure (a.k.a. Lab QC)
= Not pilot tested;
= Concepts similar to ACIL procedure;

= Concepts from this procedure should be used
to improve the ACIL procedure;
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Draft Pilot Study Report
May 24, 2007

@

http://www.epa.goviwaterscience/methods/det/
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B Integrity ® Consistency ® Exceptional Lab Services

5 Environmental Chemistry, Inc.

FAC Detection and
Quantitation — Policy Issues

Nan Thomey
President
Environmental Chemistry, Inc.

DISCLAIMER

= The information on uses included in
this presentation has not been
approved by the FACDQ and is still
under review

= Any or all information is subject to
revision and/or deletion based on
review, discussion and vote by the
committee as we strive for
consensus
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Lab-Determined Detection Limits
and Quantitation Limits

= Promulgate the descriptive single-lab
procedure recommended by the
FACDQ for individual labs to
determine their actual detection and
quantitation limits

= Use instead of 40 CFR Part 136
Appendix B in CWA program

Lab-Determined Detection
Limits and Quantitation Limits

The modified ACIL procedure has the
following two capabilities:

= Demonstrates the lab’s performance
at a specified level

= Determines the lowest possible value
achievable by the lab while meeting
the measurement quality objectives
(MQOs)
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National Quantitation Limits

Foundation of Uses “Package” for setting
permit limits and evaluating compliance

Shall be the upper bound for lab
performance

Originally envisioned to be by method
and analyte

Alternative view is to have single NQL
for each analyte, regardless of method

National Quantitation Limits

Should not be disincentive for new
technology

Should not stifle or further delay
development/promulgation of new
methods

Level playing field for permittees
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New Method Promulgation

= Use a multi-lab or inter-lab
procedure for determining National
QLs

= When EPA promulgate future
analytical methods in 40 CFR Part
136, should National QLs be created
and included with the methods?
A National QL would be created for
each method/analyte combination

Verification of Laboratory
Proficiency of Detection and

Quantitation Limits
Develop process for separate initial and
on-going verification of DLs and QLs by
labs
Strive for feasibility, practicality,
representativeness and cost-effectiveness.
The process should verify that the method
meets the chosen MQOs
The Lab QL must be < the National QL if a
National QL exists.
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Future Updates of Promulgated
Analytical Method DLs/QLs

Periodically review current capabilities of methods
and update on priorities :

= Methods with significant
improvements in DLs or QLS

= Methods with no National QLs

= Cases where QLs are critical to the
permit program (e.g., those required
for very low WQBELS)

Future Updates Priorities

= Analytes for which current methods
provide poor performance or
otherwise do not meet program
needs

s Cost and resource considerations

= Information submitted by states
and/or other qualified third parties
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Policy Issues

= Calculating monthly averages

= Determining compliance with daily
maximum limits and monthly
average limits

= Reporting data
= Appropriate compliance response in
light of data uncertainty and the

need for the protection of public
health and the environment

NPDES Permits and Compliance
Uses for WQBELs Below QL

= WQBELS at concentrations < method
QLs presents a number of NPDES-
related issues

= Values between a given lab’s DL and
QL have higher level of uncertainty

= AsSsigning non-zero value where
analyte is <QL would have significant
compliance/enforcement implications
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Permit Requirements Related to
Detection and Quantitation

When WQBEL < Methods Capabilities

Default QL in permit is lowest National QL
unless regulator determines that the
Permit QL should be adjusted to account
for sensitivity, selectivity, and/or matrix
effects

Permit shall specify that QL by permittee’s
lab shall be < Permit QL. Any Part 136
method is ok if Lab QL < the Permit QL
Permit shall require permittee to report
Lab DL/QL and maintain info at least 5
years

Permit Requirements Related to
Detection and Quantitation

When WQBEL < Methods Capabilities
Regulator may require individual numeric
result for any value that is > the Lab DL
and < the Permit QL be reported in a
supplemental report

Permit shall require that Lab DL/QL be
determined using procedure to establish
lowest possible value by the laboratory

Permit QL shall be applicable for the term
of the permit unless regulator reopens and
modifies the permit
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Establishing Compliance
Thresholds and Determining
Compliance

Regulators will set average and daily
max permit limits at WQBEL
Permittees must report all information
in the following manner on the DMR:

Reporting Daily Max Results

= For values not detected at Lab DL,
report “not detected”

= For values > Lab DL but < Permit QL,
report “detected less than the Permit
QL

= For values > Permit QL, report actual
numeric values
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To Report Average Sample Results

= When all values used to calculate an average are
not detected at Lab DL, report "not detected”

= When all values used to calculate an average are
“detected < Permit QL,” report “detected less
than the Permit QL”

When values used to calculate average are a
combination of "not detected” and “detected <
Eil:fnit QL”, report “detected less than the Permit
When any value used to calculate an average is >
Permit QL, report the calculated numeric average
after assigning zero to any individual value
reported either as “"not detected” or “detected <
Permit QL”

Compliance Determination

e To determine NPDES permit compliance
with results reported on the DMR,
regulators will:

= Determine that any daily maximum or
monthly average results reported as either
“not detected” or “"detected less than the
Permit Quantitation Limit” are in compliance
with the effluent limitation

=« Compare any numeric results directly to the
WQBEL
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Other Reporting Requirements

« Permits shall include language that
triggers steps when “significant
number of” DNQs are reported

May include additional monitoring,
matrix studies, pollutant
minimization programs, or other
permit conditions

Reports under such provisions will
be done outside of the DMR
reporting process

Permits and Compliance When No
National QL Exists

(Or if the Permitting Authority Requires
Use of a Method More Sensitive than
the Method for Which a National QL
exists)

Permitting authority is free to establish its
method for determining compliance for
analytes that have limits/water quality
standards at a level lower than that which
can be detected and/or quantified
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Permits and Compliance When No
National QL Exists

= For a list of analytes defined by EPA,
permit shall require that Lab DL/QL be
determined using steps of procedure to
establish lowest possible value by the lab

EPA will require Lab DL/QL and Permit
QL be reported by the regulator to the
Integrated Compliance Information
System (ICIS) for purposes of updating
40 CFR Part 136 National QLs

Most Sensitive Method Issue

= Current EPA guidance for implementing
permit limits for WQBELs that challenge
current analytical capabilities stipulates
that the permit should specifically
reference the most sensitive method

Modify this reference to “the most
appropriate method, taking into account
sensitivity, selectivity and matrix effects”
(i.e., "best method”)
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Matrix Effects

= EPA to consider how matrix effects
impact detection and quantitation

= A conceptual recommendation
including details to be considered is
forthcoming from workgroup

Method Quality Objectives

False positive
False negative
Precision
Accuracy
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Other Uses

The FACDQ tabled the following list of
additional uses:

ambient monitoring 305(b)
pretreatment

non-regulatory operational monitoring
stormwater monitoring

other studies, such as fish tissues or
biosolids characterization

reasonable potential analysis

Alternative Test Procedure

= The FACDQ tabled the option of
developing recommendations to EPA
on updating the Alternative Test
Procedures (ATP) program
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Great Lakes Initiative

=« FACDQ recommendations should not
supersede the current Great Lakes
Initiative provisions

= FACDQ believes that there is not a
significant conflict between the
recommendations and the Great
Lakes Initiative
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alibration is utilized from a prior run the 1 ppmv can be use

ted concentration within + 30%
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Concentration of 1 ppmyv Standard for Verying Injection Volumes
1, 0.1, 0.025 mL

Compound #, RT order
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Testing Bodies
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Who is STAC?
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How Does STAC Accreditation Work?

Application
Quality Plan

Completeness
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Conformity
Assessment

TAE Review
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Implementation
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the field
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Final Accreditation

Future Plans

Open issues
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Future Pla c
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Air Toxic Emissions from Snowmobiles in Yellowstone
National Park

Barkley Sive

University of New Hampshire
ABSTRACT

The spatial distribution of emussions associated with over-snow travel in Yellowstone National Park
during the periods February 12-16. 2002 and February 12-16, 2003 will be presented. Whole air
samples collected throughout the Park and exhaust samples were analyzed by gas chromatography
using flame 1omzation and electron capture detection m conjunction with mass spectrometry to
determine the mixing ratios of eighty-five volatile organic compounds, carbon monoxide and
methane.

The findings mdicate that 2-stroke snowmobile engine enussions i Yellowstone National Park and
West Yellowstone contribured large quantities of air toxics and hazardous air pollutants to the Park’s
awr shed. Benzene, toluene, ethyl benzene, xylenes, and hexane. which are major components of 2-
stroke engine exhaust, exlubited significant enhancements between the high traffic and low traffic
sampling periods as well as on subsequent days. The observed enhancements were a direct result of
the increased snowmobile vse between these two periods. Evaluation of the photochemical history
of air masses sampled in the Park reveals that emissions of these compounds were 1) recent, 11)
persistent throughout the region and 111} are consistent with the 2-stroke exhaust sample fingerprints.
Using a simple box model, the annual fluxes of these gases from snowmobile usage i the Park are
estimated to be 0.35, 1.12, 0.24, 1.45_ and 0.36 Gg/vr for benzene, toluene, ethyl benzene, xvlenes,
and hexane, respectively. The results derived from the box model are comparable to estimates of
emissions based on actual snowmobile usage and the emission measurements made in 2003, These
results vielded flux estimates of 0.23, 0.77, 0.17, and 0.70 Gg/yr for benzene, toluene. ethyl benzene,
and xylenes.

By extrapolating these results to the U.S.. annual emissions from snowmohbile usage appear to be
significant (~14-21%) with respect to EPA estuimates of awr toxics by non-road vehicles. The results
from this study have been used by the National Park Service in order to support their current winter

use plan for managing snowmobile and snowcoach traffic within the Park.
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Collection and Analysis of Polycyclic Aromatic
Hydrocarbons using Compendium Method TO-13A

Mitchell Howell, Julie L. Swift, and Donna Tedder
Eastern Research Group, Inc.

ABSTRACT

Semu-volatile organic compounds (SVOCs), mncluding polycyelic aromatic hydrocarbons
(PAHs), have received increased attention due to mterest from the U.S. Environmental
Protection Agency (EPA) and the National Air Toxic Trends Stations (NATTS) program. Manv
of these compounds are highly carcinogenic or mutagenic. Eastern Research Group, Inc. (ERG)
has demonstrated exceptional performance of SVOC analysis using Compendmm Method TO-
13A° with Gas Chromatographyv/Mass Spectroscopy (GC/MS) and selective 1on monitoring
(SIM). The sensitivity of GC/MS SIM allows comparison of typical rural, suburban. and urban
PAH content in ambient arr. Data using Method TO-13A collection and analysis of ambient air
across the United States will be presented to show recovery of PAHs 1n the ambient air.

INTRODUCTION

PAHs are a group of chemicals that are formed during incomplete combustion. These
compounds generally occur in the environment as complex mixtures and not as mdividual
compounds. PAHs can enter the environment from volcances, forest fires, residential wood
burning. stationary combustion sources, cigarette smoke and exhaust from automobiles and
trucks. Some PAHs are present in the atmosphere as vapors, but most are associated with
particulate matter.

In general, PAHs having two to three benzene rings are present in ambient air in the vapor phase.
PAHs that have four benzene rings exist i both the vapor and particulate phase. and the PAHs
having five or more benzene rings are found in the particulate phase. PAHs can travel long
distances in the particulate phase before returning to earth by rain or gravity, or degrading by
chemical reaction. The EPA has determined that many of the PAH compounds are probable
human carcinogens or mutagens with benzo(a)pyrene having the highest level of risk.

METHODOLOGY

ER(G has been collecting and analyzing PAH samples from different urban sites by EPA Method
TO-13A using a GCMS operating 1 SIM. The sampling sites were located in diverse locations
including rural and metropolitan areas. ERG has used several types of sample cartridge media
mcluding XAD-2%. PUF and a combination of cartridges containing XAD-2% and PUF. With
the addition of a quartz filter preceding the sample cartridge, both gaseous and particulate
containing PAHs are captured more efficiently using the XAD-2% and PUF cartridge
combination.
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The following data presents the results, trends. and concentrations of the PAHs found m ambient
air from 2005 and 2006 at the various monitoring sites.

TO-13A RESULTS

Field and Laboratory Surrogate & Blank Spike Recoveries

The surrogate results. expressed as percent recovery, were extracted from field blanks, method
blanks and field samples during 2005 through 2006. The field surrogates benzo(a)pyrene-d12
and fluoranthene-d10 had an average of 67.9% and 84.1% recovery, respectively. The percent
recovery for the laboratory surrogates, fluorene-d10 and pyrens-d10, were 80.0% and 79.6%,
respectively. In addition to surrogates. one blank spike sample was prepared for every twenty
samples extracted. The blank spike contains all of the TO-13A compounds and was prepared
from a second source. The average recovery for all compounds spiked mto the blank was 84.1%.

Site Location

Samples were collected from rural and metropolitan areas which allows compound specific
comparisons between the PAHs. The sample collection in rural areas provides background
concentrations for compounds without the influence of industry and urban sources. However, 1t
15 possible that the PAHs found at the rural sites are transported by particulate from the
metropolitan areas.

The following table (Table 1) provides site descriptions for samples analvzed at ERG from 2005

and 2006:
Table 1. Sampling Site Descriptions
Population
UATMP AQS Site Location Within 10
Code Sampling Site Code Land Use Setting Miles of Site
ITCMI Sault Sainte Marie, MI 26-033-0901 Fesidential Bural 22,188
PVAL Providence, Al 01-073-1009 Fesidential Eural 28.665
ETAL East Thomas, Birmingham, AL 01-073-0028 Fesidential Suburban 399 149
GPMS Gulfport, MS 28-047-0008 | Commercial Fural 173,435
KEELA Eenner, LA 22-051-1001 Fesidential Suburban 302,165
NBAL North Bimingham, AL 01-073-0023 | Commercial Urban 394,649
Military
SAMS Stennis Adrport, MS 28-045-8201 | Beservation | Suburban 39443
SIAL Sloss Industries, Bumingham AL | 01-073-6004 | Residential Urban 394,649
YFMI Yellow Freight, Detroit, MI 26-163-0027 Industrial Urban 1134943
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Table 2 presents the average result for each compound detected at the sites from 2003 through
2006. Values were determined using different types of collection media. The sample collection
using an all XAD-2® sample cartridge and filter was performed at ETAL, NBAL, PVAL. and
SIAL. The sample collection using a PUF/XAD-2%/PUF sandwich and filter was performed at
GPMS and SAMS. The sample collection using PUF and filter only was performed at ITCML
The results from the different sampling media and the capture of the lower molecular weight
PAHs (mvolving less than three members rings, 1.e. naphthalene, acenaphthylene and
acenaphthen%) 1s not as efficient on PUF only cartridges as those containing all XAD-2% or
PUF/XAD-2"/PUF sandwich cartridges. These compounds have approximately 33% recovery
when using PUF as the sorbent’.

Table 2. Average PAH Concentrations (ng-"ms} for Sites 2005 — 2006

Rural Site Suburban Site Urban Site
ITCMI | PVAL GPMS ETAL SAMS NBAL SIAL YFMI
Compound PUF XAD [XAD/PUF | XAD XAD/PUE XaAD XAD XAD/PUFE

Acenaphthene 0.33 1.02 5.05 14.61 1.24 16.30 15.13 10.66
Acenaphthylene 0.33 0.25 1.71 .63 0.33 14.51 12.48 3.40
Anthracene 0.62 2.00 1.64 7.02 0.43 8.30 7.94 293
Benzo(a)anthracene 013 0.06 024 0.60 0.06 3.31 3.14 0.65
Benzo(a)pyrene 0.13 0.09 0.2 0.49 ND 1.329 2.2 0.54
Benzo(b)fluoranthene 0.19 0.07 0.21 0.63 0.07 2.34 3.31 0.79
Benzo(e)pyrene 0.15 0.06 0.22 0.52 0.06 2.04 241 0.66
Benzo(g h.ijpervlene 0.13 0.06 0.15 0.42 0.05 1.38 1.61 0.43
Benzo(k)fluoranthene 0.14 0.09 0.2 0.55 0.06 222 2.63 0.70
Chrysene .27 0.08 0.338 1.01 0.09 4.10 4.35 1.02
Coronene 0.07 0.05 0.11 0.21 ND 0.47 0.53 0.15
Dibenz(a.h)anthracene 0.04 0.03 0.07 0.20 ND 0.93 0.65 032
Fluoranthene 1.93 0.73 2.06 3.70 0.65 12.25 16.44 727
Fluorene 1.01 1.55 517 11.86 1.44 17.64 18.97 10.22
Indeno(1.2.3-cd)pyrene 0.15 0.07 0.18 0.43 0.09 1.99 233 0.56
Naphthalene 1.51 17.02 49.18 265.53 .44 186.40 | 495.52 151.23
Perylene 0.05 ND 012 0.27 ND 1.10 0.81 0.17
Phenanthrene 545 23 §.61 23.84 2.40 40.70 44.51 27.38
Pvrene 1.04 0.37 1.56 383 0.38 7.68 291 4.47

Note: Compound concentrations listed in bold text are above risk levels provided in EPA IRIS”

Health Risk

Studies’ have shown that PAHs can cause harmful effects on body fluids, the skin, and the
body’s system for fighting disease after both short- and long- term exposure. EPA has
determined that benz[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene,
benzo[k]fluoranthene, chrysene, dibenz[ah]anthracene, mndeno[1.2.3-cd]pyrene, and napthalene
are probable human carcinogens and that acenaphthylene, anthracene, benzo[g h. 1]perylene,
fluoranthene. fluorene, phenathrene and pyrene are not classifiable to their carcinogenicity to
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humans. This 15, 1 part, due to the madequate data to etther support or refute lnman

carcimogenicity. Table 3 contains the results associated with exceeding the risk level. The EPA

risk level was compared to the calculated values of the median, average, and maximum value

seen at each sampling site from 2005 through 2006, This table contains only the compounds that

exceeded the risk level

Tahble 3. PAH Risk Levels Exceeded

Compounds

Site Risk Level

Benzo (a)anthracene
Beneo(b uorant hene

Benzo(ajpyrene

Beneo(k Mluoranthene

Dibene abjanthracene

Indeno(l.23-cdjpyrene

Median

ETAL Average

1\

Maximum

& %] Naphthalene

Median

ITCMI Average

Maxtmum v

Median

NEAL Average v

Maxtmum ¥ v v

S RYEN

Median

PVAL Average

Maximum

Median

SIAL Average

AAENEN

SNENRN B

MMaximum v

Median

YFMI Average

Maximum v

<«

Median

GPMS Average

Maximum

<<

Median

SAMS Average

Maximum
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CONCLUSION

In conclusion. EPA has declared that PAHs are a risk to human health and has determined risk
levels for each of the TO-13A compounds. These compounds are m the ambient air m three
different physical states. The sampling sites reported here used different types of collection
media. The results demonstrate that urban air contains much higher concentrations of PAH,
often above risk threshold values. The collection of the gaseous and particulate PAHs seems
more efficient when XAD-2%¥ is used in combination with PUF. Data from the sampling sites
provide support that PAH compounds are being detected above the risk levels i ambient air and
the continuing need to monitor for the presence of PAHs.
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Introduction

RERG

e What are Polycyclic Aromatic
Hydrocarbons?

e How do they occur in ambient
air?

e What states do they exist in the
ambient air?

e Probable human carcinogens?

Methodology

RERG

Collection and analysis of
samples (2005-2007)

Types of media

Urban, Suburban, and Rural
sites

SIM vs. Full Scan
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Media Types
*XAD-2®
ePUF

ePUF/XAD-2®
Combination

RERG

Media Demonstration
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filter
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..:.'o::
" ®
PUF PUF

RERG
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Urban, Suburban, and
Rural sites prage1of2

Population
w/in 10
UATMP Location Miles of
Code Monitoring Site Land Use Setting Site
CELA N. Main St, Los Angeles, CA Residential u'gf'r':;;’f‘*’ 3,764,677
ETAL East Thomas, Birmingham, AL Residential Suburban 399,149
GPMS Gulfport, MS Commercial Rural 173,435
ITCMI Sault Sainte Marie, MI Residential Rura 22,188
KELA Kenner, LA Residential Suburban 302,165
MBAL MNorth Birmingham, AL Commercial Urban 394,649

RERG

Urban, Suburban, and
Rural sites prage20f2

Population
w/fin10
UATMP Location Miles of
Code Monitoring Site Land Use Setting Site
PVAL Providence, Al Residential Rural 28,665
- Urban/Cit
RUCA Riverside-Rubidoux, CA Residential AOCEMY | gEgsE
Central
= £ i Military : 3
SAMS Stennis Airport, MS Suburban 39,443
Reservation
sSDGA Atlanta, GA, Decatur Co Residential Suburban 720, 699
SIAL Sloss Industries, Birmingham, AL | Residential Urban 394,649
YFMI Yellow Freight, Detroit, MI Industrial Urban 1,154,943

RERG
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SIM vs. Full Scan - GPMS
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ERG TO-13A Average Results
(ng/m3) Page 1 of 4

ITCMI PVAL SAMS GPMS NBAL SIAL

PUF XAD PUF /XAD-2* | PUF/XAD-2 XAD XAD

Compound 22K 29K 39K 173K 395K 395K
Acenaphthene 033 1.02 1.24 5.05 16.30 5.13
Acenaphthylene 0.33 0.25 0.33 1:71 14.51 248
Anthracene 0.62 2.00 0.43 1.64 8.30 7.94
Benzo(a)anthracene 0.13 0.06 0.06 0.24 3.31 3.14
Benzo(a)pyrene 0.13 0.09 ND 0.26 2.39 2.24
Benzo(b)fluoranthene 0.19 0.07 0.07 0.21 2.54 3.31
Benzo(e)pyrene 0.15 0.06 0.06 0.22 04 2.41
Benzo(g,h,i)perylene 0.13 0.06 0.05 0.15 1.38 1.61
Benzo(k)fluoranthena 0.16 0.09 0.06 0.20 2.22 2.63
Chrysene 0.27 0.08 0.09 0.38 4.10 4.55

RERG

ERG TO-13A Average Results
(ng/m3) Page 2 of 4

ITCMI PVAL SAMS GPMS SIAL

PUF XAD PUF /XAD-2 PUF/XAD-2 ¥AD

Compound 22K 29K 38K 173K 395K
Comonene 0.07 0.05 ND 0.11 0.53
Dibenz{a,h)anthracene 0.04 0.03 ND 0.07 1.9 0.65
Fluomnthene 1.93 0.73 0.65 2.06 12.25 16.44
Fluorene 1.01 1.55 1.44 .17 17.64 18.97
Indeno(1,2,3-cd)pyrene 0.15 0.07 0.09 0.18 1.99 2.33
Naphthalene 1.51 17.02 9.44 19.18 286 495
Parylensa 0.05 ND ND 0.12 1.10 0.81
Phenanthrene 5.45 2.40 8.61 40.70 44.51
Pyrene 1.04 ).38 1.56 7.68 9.91

RERG
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ERG TO-13A Average Results
(ng/m3) Page 3 of 4

ETAL SDGA RUCA YFMI CELA

XAD PUF /XAD-2 PUF /XAD-2 PUF / XAD-2 PUF / XAD-2
Compound 399K 721K 969K 1,155K 3,765K
Acenaphthene 14.61 1.79 1.49 10.66 2.33
Acenaphthylene 6.65 ND ND 3.40 0.24
Anthracene 7.02 7.13 2.32 0
Benzo(a)anthracene 0.60 0.02 0.02 0.65 0.03
Benzo(a)pyrene 0.49 0.19 0.18 0.54 0.13
Benzo(b)fluoranthe ne 0.63 0.05 0.04 0.79 0.04
Benzo(e)pyrene 0.52 0.17 0.11 0.66 0.05
Benzo(g,h,l)perylene 0.42 0.07 0.05 0.48 0.06
Benzo(k)fluomnthene 0.55 0.03 0.02 0.70 0.03
Chrysene 1.01 0.08 0.08 1.02 0.10

RERG

ERG TO-13A Average Results
(ng/m3) Page 4 of 4

SDGA RUCA ¥FMI CELA
PUF/XAD-2 PUF /XAD-2 PUF / XAD-2 PUF / XAD-2
Compound 721K 969K 1,155K 3,765K
Coronene 0.04 0.05 0.15 0.05
Dibenz(a,h)anthmone ND ND 0.22 ND
Fluoranthene 5.70 0.96 1.13 1.35
Fluorene 11.86 3.18 3.35 2.95
Indeno(l,2,3-cd)pyrens 0.45 ND 0.03 0.56 0.04
Naphthalene 266 79.2 44.60 181 47.51
Perylene 0.27 ND ND 0.17 ND
Phenanthrene 23.84 5.79 6.04 27.38 6.49
Pyrene 3.83 0.47 0.62 4.47 0.85
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Health Effects
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Conclusions

¢ Risk levels have been
determined for the PAHS

e Gaseous and particulate PAHs
collect best on PUF/XAD-2®

e Need more PAH measurements

RERG
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Comparison of Naphthalene Measurements between
Laboratory Methods and an Ultra-Fast Field Gas
Chromatograph

Andrew P. Rezeudesl= Michael A. l-Inl'anl:lul, Raymond Siegeuerl, Patrick P. K_iugl, Rov
Desroschers”

1Alpha Woods Hole Laboratories

GEI Consultants. Inc.

ABSTRACT

NMNaphthalene, especially as it relates to odors, can be a significant 1ssue during the remediation of
former Mamufactured Gas Plant (MGP) sites. The zZNose® Model 4200 Ultra-Fast Gas
Chromatograph has been used at several sites to monitor airrborne naphthalene concentrations in
real-time during remedial activities. This paper presents the results of a side-by-side comparison
of field and conventional laboratory analysis techniques for measuring naphthalene. Test results
for samples analvzed using the ZNose® are compared with test results for samples collected with
evacuated fused-silica lined canisters and analyzed using US EPA TO-15. and samples collected
on a PUF/XAD resin cartridge and analyzed using US EPA TO-13.

INTRODUCTION

Odors from remediation actrvities, particularly from former Manufactured Gas Plant (MGP)
sites, have typically been difficult to quantify. Currently there are methods such as the ASTM
(American Society for Testing Materials) E544-99 for Referencing Suprathreshold Odor
Inten';ityl that use arrborne n-butanol concentrations as a reference standard for comparison to
ambient emissions. Instruments such as the Scentometer” also can be used to give a quantifiable
measure of odor based on the dilution to threshold ratio. Imitial work by the Gas Research
Institute’ indicated that a suspected principal odorant i coal tar at former MGP sites was
naphthalene. There has been an mcreasing awareness and interest in measuring odors from
remediation sites to prevent community complaints that could force remedial activities to stop.
More recently. a reevaluation of the toxicity of naphthalens by the US EPA has lead to increased
mterest i measuring naphthalene in real-tume.

EPFEI conducted an evaluation of field emission measurement techniques in 2002.* During the

evaluation. an open-path Fourier transform infra-red (OP-FTIR) spectrometer and the zZNose®
Model 4100 Ultra-Fast Gas Chromatograph (Electronic Sensor Technologies, Newbury Park,
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CA) showed the capability to measure naphthalene concentrations in real-time during remedial
activities. Since 2004, GEI Consultants, Inc. (GEI) has used the zNose® to monitor odor
mtensity as a function of naphthalene concentration.”®

The current Environmental Protection Agency (EPA) methodology lists TO-13" as the primary
method for measuring naphthalene 1 ambient air. Although TO-13 1s often used for the analysis
of naphthalene. it does not classify as a VOC as defined in the method. Per method TO-13,
“VOCs are defined here as organic compounds having a vapor pressure greater than 107 Torr at
25 °C and 760 mm Hg."'3 Fecent advances m canister passivation. however, have demonstrated
acceptable recovery for naphthalene by method TO-15.

Fused silica lined (FSL) canisters and SUMMA canisters are both used for TO-15 analysis. Both
are passivation techniques applied to the interior surface of the canisters, the FSL being an mert
coating that 15 applied to the stainless steel surface while the SUMMA is a patented
electropolishing technique that deactivates the stainless steel surface.

This study presents a side-by-side comparison of analytical results generated using fixed-lab
analytical methods and the zNose® Ultra-Fast Gas Chromatograph. The study also compares
collection and storage of naphthalene using FSL canisters and SUMMA camisters. The
advantages and disadvantages of all three methodologies (field GC. canisters, and cartridges) are
also discussed.

Experimental Methods
An Entech 4600 Dynamic Diluter was used to prepare a sampling stream containing low part-

per-billion by volume (ppbV) concentrations of naphthalene. A diagram of this 1s shown in Fig.
1. A photograph of the setup 1s shown in Fig. 2.
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Figure 1: Standard Preparation System
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Figure 2: Photograph of Sampling System

ZNose® Analyzer TO-15 SUMMA Canister TOHS FSL Canister TO-13 Cartridge
Entech Dilution System

Zero air and a naphthalene standard at 1 ppmV were mixed i the diluter to produce two
different naphthalene concentrations for use in performing the tests. Tests 1 and 2 had a
calculated final gas stream concentration of 4.5 ppbV (23.3 ug.f'msj and Tests 3 and 4 had a
calculated final gas stream concentration of 23 8 ppbV (123.7 ug.f'msj. Test 3 was a blank run of
zero grade air. The zero ar was humidified to a relative humidity of 30%. The system
parameters are in Table 1.

The sampling system consisted of ¥4 inch stainless steel tubing with three tees m-line for the
various sampling apparatus. The tubing size was reduced to ¥ inch to create backpressure in the
341 mnch tubing. Backpressure on the system was approximately 15 psia. The zNose® was fitted
with a luer needle that was inserted through a septa.
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Table 1: System Parameters

System Parameter Flow or Sampling Rate

Dilution air flow rate 2.010 Limun

9 mL/mun (Tests 1 and 2)
49 ml/min (Tests 3 and 4)

Naphthalene standard flow rates

PUFXAD cartnidge flow rate 1.8 Liters/min
Canister flow rate 82 mL/min
zZNose® sampling flow rate 31 mL/mun (5 mL/mun median flow)

As the gas muxture exited the diluter, 1t was sampled by the zNose®. a fused silica lined (FSL)
canister. and a low volume-PUF (Polyurethane Foam)/2AD resin cartridge. On Test 4. a
SUMMA canister was added to the sample tram for comparison to the FSL camister. During
each test, the canisters and PUF/XAD samplers collected a single integrated sample over a 1
hour period. During each approximately 1 hour test period. the zNose™ collected discrete
samples over 30 second periods and produced analyvtical results approximately every three
minutes yvielding a total 21 to 22 discrete results for each test period. During the 30 second
sampling period the flow rate to the zNose® was 31 mL/min. Over the three minute analysis
time the calculated median flow rate to the zZNose® was 5 mL/min.

The canisters were analvzed via EPA method TO-135 using an Entech 7100 Concentrator coupled
to an Agilent 6890/3973 GC/MS system. The PUF/XAD cartridges were extracted and analyvzed
via EPA method TO-13. which calls for a Soxhlet extraction of the PUF/XAD cartridge. The
extract was concentrated to a final volume of 1.0 mL and analyzed using an Agilent 6890/3973
GC/MS system. The mass spectrometer was set to acquire data in the SIM (selective 1on
monitoring) mode.

zNose® Operation

Feal-time direct measurements of the gas mixture described above were made using the zNose®.
Samples analvzed consisted of either mjected standards or air samples. Analyvtes of interest were
collected on a 1.0 mg Tenax trap befors bemng desorbed onto a DB-624 column.

Prior to data collection. a five point naphthalene calibration curve was prepared and ranged from
4.96 ppbV to 99.3 ppbV. A calibration curve plotting peak response as area versus concentration
was linear with r~ = 0.990. Continumng calibration checks of 4.96 ppbV and 248 ppbV were
analyzed after data collection Test 3 and at the end of testing. Contmuing calibration checks
were within = 13% of the mass injected.
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Results

Table 2 summarizes the results for the zNose” runs taken during each test. Figure 3 is a plot of
ZNose” concentration over time for the four test runs. Table 3 shows the results of the TO-13
and TO-13 analysis, and the average zNose® concentration for each test. Table 4 presents the
percent recovery of the estimated mitial concentration for each measurement method. Table 5 1
the percent difference comparison of the average zNose® concentrations and the TO-15 results to
the TO-13 concentrations.

Table 2: Summary Statistics of zZNose® Test Runs

Test 1 Test 2 Test 3 Test 4

Parameter - - - -
pg/m’ | ppbV | ug/m’ | ppbV | pg/m’ | ppbV | pg/m’ | ppbV

Estimated Feed

. . 232 4.5 232 4.5 1237 | 238 | 1237 | 238
Concentration

Mean 203 39 189 3.6 58.0 11.1 712 13.6
Median 201 38 188 36 603 11.5 T0.6 135
High 227 43 235 43 65.5 12.5 820 157
Low 18.5 35 16.5 32 388 74 636 121
Standard 13 |0o2] 15 |03 | 66 | 13| 41 | o8
Deviation

Relative

Standard 6% 8% 11% 6%
Deviation

Number of 22 22 21 22
Samples
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Figure 3: zNose Concentration over Time
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Table 3: Summary of TO-15 Results
Par ter Test] | Test2 | Test 3| Test d Test 4 Blank
arametet (FSL) | (FSL) | (FSL) | (FSL) |(SUMMA)|>™"
Bromoform 14.6 14 62.5 63.6 36.3 ND
True Value, 13.5 135 | 699 | 699 69.9
ppbV
Yo Fecovery 108% 104% 89% 91% 81%
MNaphthalene 2.64 296 12.6 158 6.46 2.47
BeThll 45 45 | 238 | 238 233
ppbV
%o Becovery 9% 66% 4% 68% 28%
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Table 4: Naphthalene Analysis Method Results

Test 1 Test 2 Test 3 Test 4
Parameter .

ug/m’ | ppbV | ug/m’ | ppbV | pg/m” | ppbV | pg/m” | ppbV
EstimatedFeed | 535 | 45 | 232 | 45 | 1237 | 238 | 1237 | 238
Concentration
TO-13
PUF/XAD 19.1 3.7 182 35 | 1002 193 | 902 174
Cartridge
ED‘.”F*”L 138 | 26 | 155 | 3.0 | 659 | 126 | 830 | 158
‘anister

®

L 203 | 39 | 189 | 36 | 580 | 11.1 | 712 | 136
Concentration

Table 5: Percent Recovery of Estimated Initial Feed Concentration

Analysis Methad Test 1 Test2 | Test3 | Test4d

TO-13 PUFXAD 2%  |79% |81% |73%

Cartridge

TO-15 FSL Canister 39% 66% 54% 68%
B

Mean zNose 7% | 82% |47% | 58%

Concentration

Table 6: Percent difference comparison to US EPA Method TO-13

Analysis Methad Test]l | Test2 | Test3 | Test4

TO-15 FSL Canister -28% -15% | -14% -8%
B

Mean zNose 6% | 4% | 42% | 21%

Concentration
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Discussion

r ®
Nose

Results from the zZNose® are provided m Table 2 and Figure 3. For the 4.5 ppbV calculated
concentration analysis, the mean naphthalene concentration measured by the zZNose® was 3.9+
0.2 ppbV (n =22; 87% recovery) for Test 1 and 3.6 = 0.3 ppbV (n = 22; 80% recovery) for Test
2. The percent relative standard deviation (RSD) was 6% for Test 1 and 8% for Test 2. While
the results were consistent between Tests 1 and 2. the data did exhibit a slight decrease in
measured concentration over the course of the two tests (Figure 3). In general, the zZNose®
measurements were stable for the duration of Tests 1 and 2.

Simular reproducibility was observed for the 24 4 ppbV sample analysis, although the percent
recovery was lower. The mean naphthalene concentration measured during Test 3 was 11 = 1.3
ppbV (= 21; 45% recovery) and 14 = 0.8 ppbV (1 = 22; 56% recovery). Percent E5SDs, 11 %
for Test 3 and 6% for Test 4, were comparable to those from Tests | and 2. There does appear to
be a significant increase in measured concentration over time, particularly at the beginning of
Test 3 (Figure 3). The mcrease in concentration observed over the first five measurements from
Test 3 appears to be the source of most of the variability in this test; after 0:14:23 of elapsed time
the zZNose® measurements are much more stable (standard deviation + 0.50, n = 16). Comparing
the last 16 measurements from Test 3 to Test 4. there 15 a slight increase mn variability as
expressed by standard deviation (0.50 compared to 0.8) and percent BESD (5% compared to 6%).

The results from the FSL canisters analvzed by Method TO-15 are listed 1 Table 3. and in Table
4 along with the mean zNose® concentrations. Tests 1 and 2 had naphthalene results of 2.6 ppbV
and 3.0 ppbV respectively, with a Relative Percent Difference (RPD) of 14 %, while Tests 3 and
4 had measured naphthalene concentrations of 12.6 ppbV and 15.8 ppbV (RPD =23 %). These
results are mn good agreement with the mean zZNose™ concentrations of 3.9 ppbV and 3.6 ppbV
for Tests 1 and 2. and of 11.1 ppbV and 13.6 ppbV for Tests 3 and 4.

A comparison of FSL canisters (aka Silcostesl, Silonite) versus the traditional SUMMA
electropolished camister was performed during Test 4 (Table 3). While the bromoform exhibited
acceptable recovery in both the SUMMA and FSL canister, the naphthalene had much lower
recovery in the SUMMA canister (28%) when compared to the FSL canister (68%).

The calibration standard used for the study was prepared by a vendor certified for preparmg EPA
protocol gases (Spectra Gases). Since naphthalene 1s a solid at ambient temperature, preparing
gaseous phase standards 1s challenging and many standard vendors will not guarantee stability of
the naphthalene 1 the gaseous standard. The standard used for this study was prepared by first
dissolving the naphthalene mto bromoform and volatilizing the liquid into high purity nitrogen
and storing 1t mn a cylinder at approxmmately 2500 psig. The resulting concentration of
bromoform was 3 ppmV and for naphthalene was 1 ppmV. The presence of bromoform, which
15 a standard analyte for TO-13 analysis, allowed for it to be used as a surrogate for the sampling
system. Recovery of bromoform (Table 3) was well within the acceptable recovery range of TO-
13 analysis (70-130%), and also demonstrated that the sampling system was working properly.

216




NEMC 2007 Proceedings - Cambridge, MA

A camster blank was analyzed after all spiked samples were collected. yvielding a detectable
concentration of naphthalene at 2.47 ppbV. The same flow controller used for the collection of
the spiked samples was used for the collection of the blank, which indicates that some residual
naphthalene may have been present in the flow controller or possibly the sampling manifold.
Data from the TO-13 PUF/XAD cartridges are also listed 1n Table 4. and this method exhibited
better recovery than etther the TO-15 or zNose®. The concentration as measured by TO-13 for
Tests 1 and 2 was 3.7 ppbV (82%) and 3.5 ppbV (79%) with a EPD of 6%. and for Tests 3 and 4
was 19.3 ppbV (81%) and 17.4 ppbV (73%) with a RPD of 10%.

When the data 1s evaluated in terms of percent recovery of naphthalene from the calculated
concentration, naphthalens was under recovered by all of the techniques used to varying degrees,
as seen i Table 5. Average percent recovery for Tests 1 and 2. based on a calculated
concentration of 4.5 ppbV, was 83 % for the zNose®. a little better than the 63 % for the FSL
camsters. For Tests 3 and 4. where the calculated concentration was 23 8 ppbV, the average
ZNose” recovery was 33%. while the FSL canisters averaged 62%. TO-13 average recoveries
were 81% for Tests 1 and 2. and 77% for Tests 3 and 4. Both the zZNose® and TO-13 compared
favorably with method TO-13 (Table 6).

The lower naphthalene recoveries observed using TO-13 and the zZNose® may be associated with
the nature of naphthalene. This compound 1s known to be “sticky”, and therefore may have
adsorbed onto the stamless steel tubing used to construct the sample delivery system manifold
depicted m Figures 1 and 2. Adsorption of naphthalene onto portions of the sample delivery
system 1s also indicated by the steep portion of the plot of zNose® concentration over elapsed
time as illustrated by Figure 3; as the manifold svstem becomes coated with naphthalene, the plot
of concentration over time begins to level off Recoveries using the TO-13 method are increased,
possibly due to the concentrating effect of the cartridges. In this method. all the naphthalene that
enters the system is available for analysis as it 1s concentrated by the cartridge, resulting i an
increased load. In the zZNose®™ and TO-13, some concentration does take place but not to the
same extent as m TO-13.

CONCLUSIONS

NMNaphthalene 1s regularly measured in air samples to monitor the health and safety of workers at a
10b site and the people living i the surrounding community. Currently, both EPA Method TO-
13 and TO-15 (utilhizing erther SUMMA canisters or FSL canisters) are used to measure airborne
naphthalene concentrations, with the turnaround time (TAT) for these methods bemng on the
order of 3 — 10 days. There is often a need for “real time™ information to manage the risk of
exposure to both workers and the commmunity. The zNose® can provide a large data set of
reliable screeming information 1n the field, and these data can be used to optimize TO-13/TO-13
sampling locations and the analytical budget. The advantages and disadvantages of the methods
compared in this study are listed in Table 7.

This study has demonstrated that the zNose® is capable of delivering “real time” data, in less
than three nunutes, that 15 comparable to data obtamed using Methods TO-15 and TO-13, and 1s
ideal for field screening air samples to identify locations where collecting samples for more
comprehensive TO-13 or TO-13 analysis will provide the most benefit. Additionally, this study
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has demonstrated that naphthalene can be accurately measured using the TO-15 method, thereby
supporting the use of method TO-13, TO-13. or both, to measure naphthalene concentrations
with the final selection bemg dependant on the other compounds of interest and the goals of the
project. Finally, based on the single comparison performed in this study, 1t appears that FSL
canisters are better suited for the collection of air samples with potential naphthalene
contamination than standard un-lined SUMMA canisters.

Table 7: Comparison of Naphthalene Measurement Methods

detection

o Concentration method allows for
lower detection limits than TO-15

* Allows for changes m sampling
time m the field

» Belatively sumple operation

* Analysis by GCMS gives added
confidence in results and
minimizes matrix mterference

Analysis Method Advantages Disadvantages
TO-13 PUE/XAD ® Designated by US EPA as the * Sample requires
Cartridge primary method for naphthalene refrigeration or loss of

analvtes possible

TAT of 5 — 10 days

Use of sampling pumps
which may require
electrical service or have
mechanical failures

Analytical range does not
mclude VOCs

TO-15 Canister

® Passivated sampling yields
simplest operation

® Most field rugged sampling
system

* Analysis by GCMS gives added
confidence 1 results and
minimizes matrix mterference

TAT of 3 — 10 days
Analytical range does not
mclude heavier PAHs
Less sensitive than TO-13
Increased shipping costs
mcurred

Flow controller failures
and potential canister
leakage

zNose® Ultra-Fast Gas
Chromatograph

¢ Fapid results comparable to TO-
13 and TO-13

® Possible to screen numerous
samples i the field generating a
large data set

® Can analvze for a select range of
both VOC and semivolatile

® Provides “real time” information
that can be used to optimize TO-
13/T0O-15 sampling locations and
budgets

¢ Low per unit cost

Traimned operator required
Screening data only,
results should be
confirmed by TO-15/T0O-

13 analysis
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Study Objective and Design

Use the Entech Dynamic Dilution System to
provide a consistent naphthalene feed
concentration

Performed four test runs at two feed
concentrations (4.5 and 23.8 ppbv)

A Fused-Silica Line (ESL) evacuated canister
and TO-13 cartridge collected a sample over
ORe hour

Study Objective and Design

¢ The zNose analyzed over 20 samples
throughout the each test

¢ A SUMMA canister was added in test run
on the Test 4
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ZzNose GC Overview

¢ Manufactured by Electronic Sensor
Technology, Inc. (Newbury Park, CA)

¢ Uses GC principles but on a smaller scale
(1-meter column)

¢ The electronic nose portion of the zNose®
consists of a Surface Acoustic Wave
(SAW) detector

ZzNose GC Overview

PUMP

Inject Sample

Pasition % Position
o Pt} . A

LoopP
TRAP

Air

222




NEMC 2007 Proceedings - Cambridge, MA

EPA Method TO-15

- EPA test method for sampling and analysis of VOC'’s in
ambient air

Samples collected using passivated (i.e. SUMMA vs. FSL)
stainless steel canisters

Analysis performed via a multi-stage trapping procedure for
sample prep, then GC/MS

- Naphthalene is not an “official” analyte as prescribed in TO-
15

EPA Method TO-15

Entech Concentrator

N2, 02 TO-15 Trapping
Procedure

& CO2, Methane

|

|80 C

o c

Meodule 1 Medule 2 Medule 3
Class Bead Trap Temasx Trap Cryofocus
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EPA Method TO-13

EPA test method for sampling and analysis of semi-volatile PAH's
in ambient air

Sampling is conducted by drawing air through a cartridge packed
w/ sorbent material (poly-urethane foam (PUF) or XAD resin)

Cartridge is then sent to lab, extracted, and analyzed via GC/MS

Modified cartridge used for this test, low flow volume (1-5 L/min)
and PUF/XAD sandwich

zNose® Analyzer
TO-15 SUMMA Canister
Entech Dilution System

TO-15 FSL Canister
TO-13 Cartridge
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Summary of zZNose Results

Parameter

'Estimated Feed
Concentration

zNose Mean
Concentration

zNose Standard
Deviation

Relative Standard
Deviation

Number of
Samples

Figure 3: zNose Concentration over Time

(Calration chack pericmmad
between Test 3 & Test4)

Y T " = PO
ECOERE R pETETUE R e, Y o e e

a T T v T T
00000 0:2eas o5T36 2624 15512 2:24:00
Elapsed Time at Stated Calculated Concentrations

W Test 1 (4.5 pabl) #Test 2 (4.5 ppb)
ATest3 (244 ppbV) @ Test 4 (24.4 ppbv]
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Summary of Results — TO-15

Parameter

Bromoform

Naphthalene

True Value,
ppbV

%o Recovery

Estimated Feed
Concentration

(ppbv)

TO-13
PUF/XAD
Cartridge

Percent
RECOVERY
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-Comparison of Results-
zNose vs. TO-15vs. TO-13

Naphthalene Concentration (ppbv)

-Comparison of Results-
zNose and TO-15vs. TO-13

Analysis T

Method est 1 Test 2 Test 3 Test 4

T@-15 -28%
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Conclusions

Analysis Advantages
Method

TO-13 - »Designated by US EPA as the -

primary method for
ru F/;?(AD naphthalene detection
Cartridge

~Concentration method allows
for lower detection limits than
TO-15

~Allows for changes in
sampling time in the field

-Relatively simple operation

-Analysis by GCMS gives
added confidence in results
and minimizes matrix
interference

Conclusions

Analysis Advantages
Method

TO-15 Canister +Passivated sampling
yields simplest operation

+Most field rugged
sampling system

¢Analysis by GCMS gives
added confidence in results
and minimizes matrix
interference

228

Disadvantages

+Sample reqguires
refrigeration or loss of
analytes possible

+TAT of 5 - 10 days

+Use of sampling pumps
which may require

electrical service or have
mechanical failures

+Analytical range does
not include VOCs

Disadvantages
¢TAT of 5 - 10 days

+Analytical range
does not include
heavier PAHs

¢l ess sensitive than
TO-13

¢Increased shipping
costs incurred

¢ Elow controller
failures and potential
canister leakage
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Conclusions
Analysis Method ‘ Advantages Disadvantages

zNose® Ultra- <+Rapid results comparable to eTrained operator
Fast Gas TO-13 and TO-15 required
Chromatograph _
+Possible to screen numerous | eScreening data only,
samples in the field results should be
generating a large data set | confirmed by TO-15/TO-
13 analysis
+Can analyze for a select
range of both VOC and
semivolatile compounds

+Provides “real time"”
information that can be used
to optimize TO-13/T0O-15
sampling locations and
budgets

+Low per unit cost

Questions

Andy Rezendes

andrez Iphalab.com

Mike Marando

mmarando@geiconsultants.com

Mike Marando's
reaction that it
worked
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Low Concentration Measurements with EPA Reference
Methods: A Case Study

Scott Evans
Clean Air Engineering

ABSTRACT

Many of the EPA Reference Methods for stack sampling were developed decades ago for pollutant
concentrations many times higher than are typically found today. In addition, some of these
methods were validated m one stack matrix but are routinely used in other stack matrices where
mterferences and detection lumits may be dramatically different.

Clean Air Engineering recently conducted a Method Detection Limit study on EPA Reference
Method 8 "Determination of Sulfuric Acid Mist and Sulfur Dioxide Emissions from Stationary
Sources." This method was onginally developed for use in Sulfuric Acid Plants with bone-dry,
particulate-free gas streams with relatively high acid mist concentrations. However, permit writers
routmely specify Method 8 for power plants with wet, particulate-laden gas streams and sub-ppm
levels of acid mist. The purpose of this study was to determine the method detection limit in this
matrix.

This presentation will also address some of the general 1ssues regarding the limiatations of a

prescriptive approach to specifying test methods m operating permuits and the advantages to moving
towards a DQO/performance approach mn permit writing.
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The Problem

Methods designed for a specific gas matrix are
generalized to all matricies with no
validation testing

Pollutant concentrations are, in some cases,

three orders of magnitude lower than those used
for validation testing

Establishment of emission limits is now divorced

from development of test methods

EPA has little money for method development or
validation testing

CleanAir

An Example...

*EPA Method 8 “Determination of Sulfuric
Acid and Sulfur Dioxide Emissions from
Stationary Sources”

* However. ..

*It was never validated on any source
other than sulfuric acid plants

*Nevertheless. ..

*Tt is turning up in permits for measuring
SOs in power plants in the sub-ppm range

CleanAir
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Method 8 Origins

Variations have been used since the
early 1900's.

EPA version promulgated... for use

on sulfuric acid plants.

These gas streams have no moisture
and no particulate matter.

®* The method was generalized and
adopted by the EPA as the compliance
method for sulfuric acid

determination from stationary

sources. CleanAir
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Method 8 Basics

Works by differential absorption

Captures
acid mist

S03
carry_over

and oxidation of S0:z

IPA minimizes absorption

T

Method 8 Sample Train

Filtet
Haldar Thesmameti
Check
Valve
Impnges /
2 3 4
1. 100 mi B0% IPA
2 100 mi 3% Ha0g
3100 mi 3% HyOp
4 200 g Siica Gel
Vacuum

Temparatures ["F)

By-Pass Main
Valse Vae

CleanAir
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T

Clean Alir Method 8
Validation Study

® Method 8 performance in simulated
flue gas matrix

® Fixed parameters: NOx, HC1l, CO, COz
® Variables: H20, S0z, S03, Oz

® Focused on measuring SO3 in the 0.1
to 0.5 ppm range

CleanAir

Detection Limits

excluding bias considerations

Blank] 0. ( 0,0013

S03 in clean, dry] 0.03 0.10
air] "7 i
S03 in simulated] . . _ W
U.1lb 0.62
flue gas

Standard deviation of 7 replicate runs x 3.143 (99%

(
Student’s t, n-1 df)following 40 CFR 136 Appendix B

CleanAir
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Speaking of Bias

600%

500%

400%

300% -

Recovery

200% -

100% -

0% - _
IO [ 00

e | SO3 (+) |

M8 Bias Overview

Flue gas bias (compared to clean, dry
air) —— +32%

IPA titration -- +31%

Glass filter bias (IC analysis only) --
+0.25 ppm

Water/Low SOz effect -- +600%

CleanAir
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T : PE—— - ; —

Pither Bias Effects

®* Ammonia
®* England showed ammonia biases of
up to 2.5 ppm.
®* Positive correlation with S02 and
NH3 concentrations
®* Particulate
®* Method 8 typically has no filter
therefore PM collects in IPA
impinger
®* Tends to have positive bias from
catalyzation of 502 to SO3 due to
trace metals in the ash.

CleanAir

Method 8 Conclusions

®* Detection limit about 0.2 ppm -- PLQ
about 0.5 ppm

® Under tightly controlled conditions
® Likely to be higher in practical

application

®* Many positive bias effects —-- Some
correctable

®* Tlonger runs amplify bias effects

® Analysis at sub-ppm levels very sensitive
- small analytical errors lead to lar
positive biases

CleanAir.
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L —

Implications

Method 8 is almost always the wrong method
to use.

But if you have to...

® Use only quartz filters
® Adjust IPA to 80% before titration

® Use well-trained analysts
eXperienced with titration.

CleanAir

Another
Example...
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HC1l Methods

®* Method 26, 26A (isokinetic)
* Wet method

® Precision - 0.25 to 0.50 ppm @ 15
ppm max. conc. (CleanAir ~0.02
ppm)

* Bias - <8%

®* Ammonium chloride positive bias

® Significant (~ 50%) negative bias
when using Method 5 sampling
configuration with low HCI
concentrations (<5 ppm)

® Significant deterioration in
precision and accuracy below 5 EE nAir

Improvemen’s

* NEVER use glass filter

®* Increase probe and filter temp to
400 °F if no ammonia is present

® Eliminate filter with inertial probe
or ESP

CleanAir
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EPA Guidance

EMISSION MEASUREMENT TECHENICAL INFORMATION CENTER
GUIDELINE DOCUMENT

Guideline Document 038
Description of In-Stack Detection Limit

spL - AXB
=

where, ISDL In-stack detection limit

A = Analytical detection limit
B = Amount of analyte analyzed
C = Volume of stack gas sampled

CleanAir

Observatilions/
Recommendations

Many test methods must be modified
to provide accurate results at low
concentrations
Strict adherence to Reference Methods
does not always result in data of known
and documented quality

Test method must be evaluated for use
considering the limitations of the test
method and the sampling matrix

240




NEMC 2007 Proceedings - Cambridge, MA

Observatlior:/
Recommendations

Never judge a method by its
name

In-stack detection limits are
almost always higher than
analytical detection limits

Longer sampling times do not
always equate with lower
detection limits

CleﬁAb: '

241




NEMC 2007 Proceedings - Cambridge, MA

Mercury Monitoring Methods and Techniques for Ambient
Air

Frank Schaedlich
Tekran Instruments Corporation

ABSTRACT

The TS Environmental Protection Agency (EPA) has recently implemented regulations limiting and
reducing the emissions of mercury from coal fired power plants. The aim is to reduce annual
emisstons from this source from forty-eight to eighteen tons per year by 2018, Hopefully, this will
reduce the mercury loading in freshwater fish, which is the primary pathway by which mercury finds
its way to humans.

But, will this regulation make a difference? The answers are far from cbvious. Unlilre many
pellutants, merenry is naturally present in the lithosphere and much of the mercury emitted 15 due to
natural sources. Also, many of the atmospheric mercury emissions from other continents have
lengthy residence times and are deposited in the TS, A firther complication is that the form of
mercury, elemental, particwlate or gaseous ionic, makes a vast difference in the deposition rates.
Mereury is also interconverted during transport. It can be stored in various natural reservous and
reemifted, possibly in a different form.

Determining the local effects of atmospheric mereury pollution requites measurement of the
concentrations, dry deposition rates and wet deposition rates of the various species. This has caused
an ever increasing interest in making accurate, low level ambient mercury measurements.

The monitoring of elemental mereury vapor and mercury compounds in ambient aw 13 one of the
meost challenging continuous monitoring applications. The global background concentration of
elemental mercury 1s only 1.5 ng/m3 (<201 parts per trillion) vet even these low levels have
measurable biclogical effects. Reactive ionic mercury species can have measurable biclogical
effects at values in the low picogram (pg/m3) range.

It has taken decades for researchers to develop methods capable of measuring these low levels
accurately yet a range of reliable, rugged eguipment now exists. For low level total mercury
measurements. preconcentration onte pure Zold followed by analysis using atomic fluorescence has
proven to be sensitive, selective and capable of operating reliably under field conditions. Automated
measurement of particulate bound and icnic gaseous mercury spectes reguires additional equipment
to separate and firther preconcentrate these fractions.

This presentation provides a survey of the various methods that have allowed these low level
meastrements to become routine.
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Mercury Monitoring Methods
&
Techniques for Ambient Air

NEMC

Boston, MA August 2007

Frank Schaedlich

TEKRAN

Instruments :iarpnra1 o

Why the Interest in Atmospheric Mercury?

Mercury is one of the most potent neurotoxins known

Bio-accumulates up the food chain by factors of up to
times

= |norganic and ionic mercury can convert to methyl mercury
= Sub-ppt levels in air can accumulate to toxic ppm levels in fish

Global levels are not decreasing despite emission
controls in the Western Hemisphere

Long life in the atmosphere means that mercury
emissions are of global concern
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Real Reasons for the Current Interest in
Atmospheric Mercury

US EPA Clean Air Mercury Rule (CAMR)
= Promulgated in 2005, monitoring starts Jan 1, 2009
= Regulates total Hg emissions from coal fired power

plants

= Aims to reduce total Hg emissions from - = tons/yr to
tons/yr by 2018

= Cap & Trade system. Trading starts in 2010

Will the money spent implementing this reduction
in emissions make any difference at all?

Some issues:
= Transport of Hg to USA from other countries
= Deposition of Hg within the US

What Hasn’t Occurred for Mercury ... Yet

Governmental regulations in any country for
ambient air mercury levels

= So far: Occupational health limits only:
+25 or 50 ug/m3 for 8 hour exposure period

“Type approval” of any instrumentation

Performance based measurement method(s)

Ambient air calibration standards (e.g. NIST)
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How much Total Mercury is in Ambient Air?

total

N

air ~ 240,000 miles

Assume that one could build a pipeline
from the surface of the earth to the moon
and fill it with ambient air

Ambient air global background level — “Total” Hg

= Pipeline would be ~ 240 000 miies Iong

= Backgroundis ~ 1.7 n (200 ppq) (viv)

= Approximately 0.003 mches of the plpehne would be filled with
mercury vapor

About this 0.003” length of total mercury vapor

Modern ambient air instrumentation can

perform this measurement

= Continuously
= Unattended
= With a precision of better than 1%

However ... It turns out that measuring total
mercury in the air isn't good enough
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Ambient Air Mercury Speciation — Why?

Types of mercury in ambient air:

= Elemental mercury: Hg®
= Reactive (ionic) mercury: Hg" RGM, Hg?*
= Particulate bound mercury: HgP, TPM

Different forms of gaseous Hg have very
different behaviors

= Atmospheric deposition (and hence biological
uptake) is highly dependent on RGM & HgF levels

Forms can interconvert in the atmosphere and
In various reservoirs

Elemental Mercury: Hg°

Typically 95+% of atmospheric Hg
loadings

Relatively slow to react
= Estimated 6 — 12 month residence time

HgP sources impact large areas

Sources: chlor-alkali plants, gold and Hg
mining, coal-fired power plants
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Reactive Gaseous Mercury: RGM

Consists of /onic gaseous mercury compounds

Water soluble; RGM is removed rapidly via wet
and dry deposition

Often created in polar regions during springtime

Often responsible for contamination of sensitive
nearby ecosystems

RGM (predominantly HgCl,) is emitted from
power plants and incinerators

Particulate-Bound Mercury: HgP

Consists of various compounds of mercury
bound onto particles

Most particulate-bound Hg is on particles
less than < 2.5 ym

Usually only a few percent of total mercury
present in the atmosphere

Short range: deposits relatively close to the
source of emission
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Just how much Is in ambient air ?

air ~ 240,000 miles

Assume that one could build a pipeline
from the surface of the earth to the moon
and fill it with ambient air

RGM levels vary far more than elemental mercury levels

= Pipeline would be ~ 240,000 miles Iong
= Typical RGM level could be pg/m? = pt (2 ppq) (ViV)
= Approximately 0.7 microns of this p|peilne would be f1lled wﬂh

How do we measure
ambient total mercury?
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Manual Total Gaseous Mercury Monitoring

Manual method developed in late 1980’s

= Developed and used by researchers
= Eventually documented by US EPA as |O-5

Method Overview:

= Adsorb Hg onto gold coated silica field
cartridges

= Typical exposure time required: 6-24 hours

= Analysis using dual stage thermal desorption
with CVAFS (atomic fluorescence) detection

LY ) Wooow
/ Prim_aryk / Backup\ Mass
Particulate Cartridge Cartridge Flow

Filter Controller

Gold coated quartz sand or beads

Gold coated silica adsorbent trap
= Backup trap tests for breakthrough

Mass flow controller and pump
= Measures total volume drawn through cartridges
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Manual Cartridge Analysis

Model 2600 - System Control Module

V2 HEATERA V1 HEATERB pETEGTOR
LOAD VENT
Injection  vent Field ver  Analytical
Port Cartridge nc Cartridge

1

Desorb
Phase Se
;low P) - Detector|
Carrier|

(Argon)
[ & |

~ Separator]

Dual stage thermal desorption

Atomic Fluorescence (AF) detection

Why Atomic Fluorescence?

Much more sensitive than atomic adsorption
= MDL < 0.1 pg absolute

Not subject to interferences
= AA requires some sort of compensation/correction scheme
= Interfering compounds (e.g. SO,, O, organics) often present in
concentrations thousands of times higher than Hg

Inherently linear
m Detector linear over >5 orders of magnitude

Simple, rugged and low cost
= Capable of continuous field operation
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Atomic Fluorescence (AF) Detector

Photo
Detector

Mercury atoms in the cell absorb light
energy

They re-emit radiation (fluoresce) at Sample Sample
the same wavelength

Re-emission is omnidirectional Gas In Gas Out
Fhoto detector measures increase n
intensity againsta dark background

o

Why not AA?

Amount of absorption
is set by Beer’s law
+ Logarithmic response

Limited dynamic range

Main reason EPA has
traditionally insisted on
all those 5 point linearity
checks

Intensity (x 10-19 cm2)
o

200 250 300
wavelength (nm)

Not particularly sensitive

Looking for very small decreases in a bright lamp signal

Inherently cross sensitive to any molecular
species that absorbs in the UV at 253.7 nm

There are lots | Organics, SO,, O,, NO, to name but a few

' - ,

IarMymiils Fangaiisan
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Interference when using AA Based Hg Analyzer

. W |
- Hg AFS I
el Moo p e e e
Positive interference seen
—— when using AA detector even
A when preceded with a gold

preconcentration stage

! rl ‘7’-"4:;..‘.';

Notice the pé_ak at noon every
day. May be ozone 777

L] + - - -

Automated Total Mercury Analyzer

Automated implementation of gold/AF manual method
Has largely supplanted manual cartridge methods

Provides continuous total gaseous (TGM) readings with
update rate as low as 2.5 minutes

Detection limit < 0.7 ng/m?® (5 min. samples)

Automatic recalibration with internal Hg® permeation
source

Capable of unattended operation for extended periods

Two cartridges are used to alternately sample and
desorb
= No gaps in data stream

' ,

IarMymiils Fangaiisan
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Flow Diagram of Automated Mercury
Analyzer (patd)

Zero
Air b—lll—l

Sample .

Air p—-'.-—l

Pure Gold Cartridge (pat'a)

Pure gold only is used as adsorbent

= No quartz wool or silica
= No memory effect

Extremely durable design
= Lasts for years of continuous use

Cartridge design is protected by separate
US and international patents
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Pure Gold Cartridge
Mercury Adsorption Cartridge

1

' NOTE: Cartricige Length Sinches.

Isrusmiili Fanis

Typical Total Mercury Analyzer
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How do we measure
ambient speciated
mercury?

Difficulties Measuring RGM
Method must be 71-2 orders of magnitude more
sensitive than total mercury methods
Must reject much larger elemental component

Must exclude particulate bound mercury, however,
conventional particulate filters cannot pass RGM

Apparatus must pass RGM to the collector
quantitatively. (RGM is extremely “sticky’)

+ Sampling components must be located out of doors
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RGM Monitoring - Principles of Operation

Automated RGM monitoring
instrumentation now exists

m Quartz, KCI coated annular denuder is
thermally desorbed and regenerated

= Sampling Phase
¢ Absorbs RGM while passing all elemental
and particulate Hg
¢ Model 2537A reads Hg? during this phase

= Desorption/Analysis Phase
¢ Denuder heated to 500 °C
¢+ RGM released as elemental mercury

HgP Monitoring -
Principles of Operation

Sampling Phase
Pyrolyzer = Sample passes through impactor to eliminate
(quartz chips) coarse particles
= Coated denuder captures RGM and eliminates
it before passing sample gas to particulate
collector
= Quartz, regenerable particulate filter (RPF)
captures fine fraction (< 2.5 um) particulates
Desorption/Analysis Phase
Quarizmembene = Zero air used as carrier
™= Quartz Wool = Downstream pyrolyser is activated first
= RPF is then heated to desorb captured
I r SRI particulates

{from denuder)

K .4

IarMymiils Fangpiisan
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Tad o Linion (9

Model 1135
PARTICULATE
MODULE Model 1130
- & Model 1135
o Flow Path
(Shown in Sampling Mode)
Model 1130 Wodel 119

@
-]
I rchageaths e ipaca for At seror f=gthy Ll
Tes piacs b mands [ —

Tekran Ambient Air
Mercury Speciation System
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Sample Mercury Results

Do these very low mercury levels
actually have any measurable
effects?

Chior Al Plant
Sacated bearing 83°

Plot of wind direction vs. i s
ambient mercury values 67

Two months of continuous
monitoring
Plant is located 18 miles to the

north-east
Fish consumption advisories in
effect
= Global background: ~1.7 ng/m®
= Bio-accumulation is non-linear: Even
slight increases in background levels
cause large increases in the i ! 5 /
concentrations of biota Note elevatgd mereury
Fish levels in this area were > 1.5 . readings-whenever wind
ppm even though air readings were . came from lh is sector WIND
only slightly elevated i - DIRECTION
Eating too much fish with these e S N
concenirations may cause PletDuration 0 oy S MERCURY
irreversble neurological damage e

This bio-accumulation is due to RGM!
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Case Study: Florida Everglades

Had been found in early 1990’s to be
severely contaminated with mercury

= Case of senior predators (panther) dying of
mercury poisoning

Years of sampling ‘total mercury’ did not
reveal causes of problem

= Total mercury numbers were not significantly
elevated above other, non-affected areas

Florida Everglades Crisis

Tests using the Model

1130 confirmed that

virtually all mercury

deposition in the ey

Everglades was due to | & Sy Lt

{4
RGM from nearby ;lr:

SOUrces. (Lanais el a RGM emission controls were placed

- on Florida sources. Decreases in
the levels of mercury contamination
in the Everglades have already been
observed. (Af 2003
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Polar Mercury Depletion Events

Discovered in Alert, Canada in early 1990’s

Sudden disappearance of elemental mercury over short time
scales

Starts: After polar sunrise

Ends:  After snow melt

Transformations are occurring locally

Subsequent studies using Tekran automated equipment:
= Confirmed that mercury was being oxidized and partitioning into
either gaseous and particulate phases

Phenomenon has since been observed in all polar
regions around the globe, both Arctic and Antarctic

Depletions of Elemental Mercury
in Alert, Nunavut (Canada)

Alert, NWT - Background Readings

-
iy ———

., R -
This ine shows the % recovery of perodic automated ~ 4
. .-’ﬁ’- A standard additions of elemental mercury to the sample
2 | 'u" A J1 matrix. The recoveries are - 100%, yielding absolute
v_/"-"u' ] | f' confidence that these unusual values represented a rU"W

\
] | I."A‘J.l' genune, hitherto unknown phenomenon r’“\-‘f
\ J

1.5 3 | 1 /
A [ | /
| /
\ | | |

TGM ng/m3

Standard Addition Recoveries %

The 2537Ais capable \ r \| i f
| |

| N

) LAY
I TAVWARY
1

of extremely precise \f"ff.

measurement of even

sub-ambient readings ] '..,u’

In cases where two nstruments were running
side by side, they lracked each other very closely:

|
My

\ ]
ol
-

0
May-21 May-23 May-25 May-2T May-29 May-31 Jun-02 Jun-04 Jun-06
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Oxidation of Elemental Hg to RGM - Barrow

First actual observations of
high RGM numbers during
polar MDE (Barrow, Alaska)

\"wﬁliﬁ'dh'iww ! "‘r'|:| r'f'J" 7. |

_wﬂ ! i i : l”h‘\l. 0
20 T 40 60 80 100 140 ‘IEG? 180
sunnse Day Number snowmelt

In
Summary
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Further Topics - Mercury Monitoring

The preceding is just an overview. There are many
topics that have not even been addressed in the
foregoing presentation. e.g.

= Calibration of mercury instrumentation
= NADP (National Atmospheric Deposition Progra

» Network measuring deposition of Hg in precipitation (collection and
lab analysis)

Soon to measure RGM and HgP and Hg°
http://nadp.sws.uiuc.edu/mtn/

= Global mercury transport and species interconversion
= Measurement of mercury in flue gas

annular denuder mehodology for fhe
nd Technol, 0

hy T, Ferrara R., Gue

D., Sommar J., Urba A,
cies at Mace H

i8-Pennas P, Jafie DA N tick A, Prestbo E M. and Landis M_S_ (2003) *Gaseous elemental mercury in the marne boundary
layer: evidence for rapd removal in dnhropr agenic pollubon,” Environ Sci Technol 37(17):3755-63
I'ufunhu W ngberg Flf!'CH'IE Iverkeldt Fa rare , Feng, | K zilota Llndt arg, Lu, Mamane, Prestbo,
arson of methods for sampling and
oldlrrusphenc mercury speces.” Almos. Env.
n, S.N., Gustin M.5., Presbo E.M. and Marsik F.J. (2007) Eshmation of Dr sibon of Atmosphenc Mercury n Nevada by
ind Indirs ‘lH»:lhods, Environ. Sci Technol 411970
Friedi HR., Radke L., PrescoltR., Hobba P V. and Sinha P. (2003) Mercury emissions from the August 2001 wildires m Washinglon
Stake and an agricullural wasle Oregon and atmosphenc mercury budgel esimales, Global Biogeochemical Cycles, 17:1038
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Monitoring Emissions from Animal Feeding Operations

Steven Tl‘ﬂhlli?l, Hong Lil, Robert Bum's:, and Hongwei Xin®
iL'SDA Agricultrual Research Service, National Soil Tilth Laboratory
“Towa State University, Department of Biosystems and Agricultural Engineering

ABSTRACT

The EPA air consent agreement with animal feeding operations (AFQO) specifies the use of EPA
TO-13 for the speciation of VOCs emitted from these facilities. Sorbent tube sampling mav be a
more effective technique in the speciation of VOCs from AFOs due to 1its ability to capture both
volatile and highly polar compounds. The technique is limited by the tvpes of sorbent material
used and ambient air matrix (temperature, relative humadity and dust levels). In particular,
relatrve humidity (RH) affects both field sampling and analysis of air samples. The objectives of
this study were to determune the effect RH had on the recovery and analysis of various
compounds emitted from AFO using different sorbent materials {Tenax. graphitized carbon, and
carbon molecular sieves) and report major compounds detected from a poultry facility. Test
atmospheres were generated at ambient temperatures (23 + 1.5°C) and 25. 50, and 80% RH. A
custom designed sorbent tube contaming graphitized carbon materials performed best with
guantitative recovery of most compounds tested for all RHs and sampling volumes tested. Tenax
sorbent tubes gave quantitative results for most compounds except acetic acid. Sorbent tubes
with carbon molecular sieve (CMS) material performed poorly at both 50 and 80% RH due to
excessive sorption of water. Major compounds detected at a poultry facility mcluded volatile
fatty acids, carbonyl or oxy contamnmng compounds and phenolic compounds most of which
would be difficult to measure using camster based sampling techniques.

INTRODUCTION!

The report by the National Research Council (NEC) highlighted the need for more research
the area of animal emission (1). In fact, this report was a major basis for the EPA’s animal
feeding operations (AFQ) consent agreement referred to as Awr Compliance Agreement (2). The
NEC report highlighted the need for standardized protocols for sampling and analvsis of volatile
organic compounds (VOC), but offered little gunidance. While the Aiwr Compliance Agreement
does give gmdance in terms of sampling protocol, the method 1t specified, TO-12, may not be the
best choice for agricultural VOCs or sampling 1n agricultural environments. Compounds
tyvpically associated with AFO are semi-volatile and polar (3-3) two properties that limit the
effectiveness of TO-135 for use in speciation of VOUCs 1n air. Weaknesses i using TO-15 for
monitoring AFO include poor recovery of polar compounds (6) and potential loss of polar
compounds due to water condensation in canister or during sampling (7).

! Mention of a trade name. proprietary product, or specific equipment does not constitute a guarantee or warranty by
the TUSDA or ISU and does not imply approval to the exclusion of other products that may be suitable.
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An alternative sampling method that may capture many of these polar compounds 1s EFA TO-17
and this method has previously been used 1n a number of air quality studies monitoring AFOs
(3.4, 8-10). However, sorbent tubes also have a weakness when sampling m humid environments
with excess water sorption limiting quantitation (8). This weakness can be mitigated by
techniques that can minimize water sorption during sampling (11-12) and post sampling (11) or
the use of hydrophobic sorbents during sampling. The purpose of this study is to report the use of
EPA TO-17 for speciation of VOCs from a poultry facility. This work investigates water
sorption on sorbent tubes during sampling. techniques and sorbents used to minimize water
sorption, and recovery of compounds typically associated with AFO during sampling. In
addition, the speciation of VOC emitted from a poultry facility using sorbent tubes is reported.

MATERIALS AND METHODS

Method Validation

The following method validations were performed: 1) safe sampling volume (S5V) and 2)
storage stability. The SSV for the sorbent tubes was tested by loading sorbent tubes with
reference standards and challenged sorbent tubes with 12 L of air (nitrogen). Storage stabality of
volatile fatty acids, phenols and indoles were tested by loading known quantity of a reference
standard mix onto 10 sorbent tubes. Sarbent tubes were immediately stored m freezer (< 25°C)
prior to analysis. Following storage, sorbent tubes were analyvzed along with sorbent tubes that
were recently (less than 1 day) loaded. Due to the number of compounds detected and the
exploratory nature of this study, 1t can only be assumed that the other compounds behaved
similarly in terms of storage stability.

Air Sampling

All samples were collected on glass sorbent tubes (178 x 6 mm diameter). Four types of sorbent
tubes were used: 1) Custom tube contamning sorbent packing of Carbopack C and Carbopack X
(1:2 ratio vw/v); 2) Tenax tubes (mncludes by Tenax TA and Tenax GE); 3) Carbotrap 300™
(Supelco, Inc.. Bellafonte, PA) multi-bed contaming (Carbopack C:Carbopack B: Carbosieve S-
I1T}); and 4) Custom tube containing a sorbent packing of Tenax TA and Carboxen 369 (1:1 ratio
v:v). Characteristics of each sorbent material are shown on Table 1. A samples from the
laboratory and poultry facility were sampled at 100 mL min” for 12 L (sampling time
approximately 2 hours). Sampled sorbent tubes were stored at ambient temperatures within the
sampling turrent of the GS1 gas sampler (Gerstel, Inc. Baltimore, MD) and placed into sample
tube holders and stored (=-20°C) until analyzed. All samples were analyzed within 30 days of the
time they were sampled in the field.
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Table 1: Properties of tested sorbents

Adsorbent Adsorbent Mesh  Surface Area” Water Saturation
Class” Size" X Capacity*

m” g'l material mg water g material
Carbosieve S-III  CMS 60/80 820 200.5
Carboxen-369 CMS 20/45 400 280.1
Carbopack-B GCB 60/80 100 <].2
Carbopack-C GCB 60/80 10 =0.5
Carbopack-X GCB 60/80 240 -
Tenax TA POP 60/80 33 =33
Tenax GR. POP 60/80 24 <2.0

*CMS: carbon molecular sieves, GCB: graphitized carbon black, POP: porous organic
polymers. "Manufacturer’s data. “Reference 11

Water Sorption

Sorbent tubes were connected to a Teflon cylindrical mamifold (1.d.. 4.1 cm, Savillex, Co_,
Mmnetonka, MN) maintained at ambient temperatures (23°C+2) and pressures. Humidified air
was mtroduced mto the manifold using zero grade air passing through an Alpha-MOS 720
(Alpha-MOS, Hanover, MD) sampling chamber. Total flow in the manifold system was set at 3
L min and relative bumidity set at 23, 30, and 80%. The relative hunuidity and temperature of
the diluting zero grade air was verified at the end of the manifold using Traceable®
Hvdrometer/Temperature recorder (Fisher Scientific, New Castle, DE). Sorbent tubes were
comnected to the manifold and air flow from the manifold to each sorbent tube was controlled
using a field gas sampler (GS1, Gerstel, Inc, Baltimore, MD). The G51 collected samples at 100
mL min™ for 2. 4. 6, and 12 L. Each sorbent tube was weighed before starting the experiment
and after passing the predetermined volume of humidified air through the sorbent tube with total
water sorbed determined by difference.

Two water sorption mitigation techniques were tested on sorbent tubes containing carbon
molecular sieve (CMS) material. The first technique involved heating sorbent tubes to 40°C
(approximately 15°C above ambient temperature) during sampling. The second method was a
drv purge technique using nitrogen gas to remove excess water from the sorbent tube following
sampling. The technique mvolved attaching sorbent tubes to an ATIS™ system (Supleco, Inc.,
Bellafonte. PA) m which a dry mtrogen stream of gas was flushed through the sorbent material at
100 mL mun™ for 2 L.

Field Sampling

Poultry House: The commercial broiler house where air samples were taken had a dimension of
131 x 1555 m (43 x 510 ft) and an sast-west orientation. Mechanical ventilation of the house
was achieved by etther sidewall fans (four, 0.9-m diameter) or tunnel fans (10, 1 2-m diameter),
depending on the climate and bird age. Rice hull was used as the bedding material. After each
flock. caked litter (mixture of bedding and manure) along the drinker and feed lines was
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removed. The G51 samplers were placed on the litter floor and samples collected at 100 mL min
! for 12 L with sample tubes being transported to the laboratory for analysis m less than 18
hours. During sample collection, air temperature was 25°C with an RH of 50%.

Analytical Analysis
Reference Standards and Calibration

All reference chemicals were purchased from etther Aldrich (Sigma-Aldrich, 5t. Lows, MO),
Fluka (Sigma-Aldrich, 5t. Lows, MQ), Fisher Scientific (Thermo Fisher Scientific, Waltham,
MA). or Cole Palmer (Cole-Parmer Instrument Company, Vernon Hills, [L) with a nunimum
purity of 97% or greater (GC grade). Methanol and Water used to dilute reference standards were
HPLC grade and were purchased from Sigma-Aldrich and Burdican and Jackson (Mustegon,
MI). respectively.

Calibration curves were generated using external standards loaded onto sorbent tubes using an
ATIS™ gystem. The ATIS™ system was mamtamed at 110°C and purged with nitrogen at 100
mL min™ for a minimum total volume loading of 250 mL (five times volume of ATIS™ holding
tube). A minimum of a four point calibration curve was generated for each compound. However
several compounds were quantified off calibration curves generated from other compounds this
mcluded: 3-hydroxy-2-butanone (E—buranone}z; dimethvl sulfone (sulfone); and itaconic acid
ethvl ester (diethyl ethylindenmalonate).

Sorbent Tube Analysis

Sorbent tubes were analyzed by thermal desorption (TDS) using an Agilent 6890N GC (Agilent
Technologies, Inc.). Two different 6980 GC mstruments were used one contained only a
3973N Inert MSD (Agilent Technologies) the other 3975N Inert MSD (Agilent Technologies).
Both GC systems used a Gerstel TDSA (Gerstel. Inc.. Baltimore, MD) as its TDS unit, each were
equipped with PTV (programmed temperature vaponzer) mlets (CIS 4. Gerstel. Inc.) and both
separated compounds on a 30m x 0.25mm x 0.25um FFAP column (J&W Scientific. Inc.,
Wilmington, DE) using a helium gas set at a maximum of 1.2 mL min~ constant flow. Thermal
desorption (TDS) parameters were the following: splitless mode; mitial temperature, 60°C: final
temperature, 300°C; mitial time 0.5 min; final hold time 3 min; ramp, 60°C min™; with a transfer
line temperature of 320°C. The nlet was packed with glass bead/Carbopack C material with the
following parameters: solvent vent mode: initial temperature. 30°C. final temperature. 320°C.
initial time. 0.2 min, final time, 3 min; ramp, 12°C sec”, vent flow 20 mL min™. and purge split
flow 20 mL min™. The GC instrument oven temperature program was: 1) initial temp. 45°C hold
0.05 min: 2) ramp 10°C min™ to 220°C: and 3) ramp 50° C min™ to 240°C and hold 5 mun.

° Compound in the parenthesized is surrogate compound used
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RESULTS AND DISCUSSION
Water Sorption

The tyvpe of sorbent material used had a significant effect on the amount of water sorbed during
sampling as did the test atmosphere’s relative humidity and total volume of air sampled (Figure
1). Sorbent tubes containing CMS material sorbed significantly more water than tubes containing
either Tenax or Carbopack material. There was no significant difference in water sorption
between sorbent tubes contaiming Tenax material or Carbopack material Felatrve humidity
conditions had a significant effect on water sorbed for CMS material but no affect on either
Tenax or Carbopack material. Total volume of air sampled had a significant effect on water
sorbed for CMS material but no affect on either Tenax or Carbopack material Water sorption on
CMS contamning material 1s well documented (11-13) with relative humudity conditions
controlling sorption. In fact, Gawrys et al. (12) determuned that relative humdity conditions
between 30-45% as the critical junction for mcreased water sorption on CMVS material.

Figure 1: Sorption of Water on Various Sorbent Tubes
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In this study, our results mirror these finding since tubes contamning CMS material sorbed little
water at 25% FH while significantly more water was sorbed at 50 and 80% RH (Figure 1).
Kimura et al (14) have shown this mcreased sorption 1s due to cluster formation on surfaces at
these higher BH which leads to greater sorption and eventual pore water filling of the CMS.
Given that RH conditions inside animal production facilities 1s typically maintained at around
30% (12) with outside summer condition at many of these facilities above 70% (3.4, 10, 16), the
use of sorbent tubes containing CMS should be avoided since excess sorption of water on
sorption tubes 1s known to affect the sampling and analysis of sorbent tubes (17).

Studies by Helmig et al. (11) and Gawrys et al. (12) have demonstrated techniques such as
heating sorbent tubes during sampling or dry purging of sorbent tubes following sampling can
significantly reduce the amount of water sorbed. In this study, we tried both methods of water
mitigation. Sorbent tubes heated to 40°C during sampling reduced water sorption by more than
87%. while sorbent tubes dry purged with 2 L of mitrogen removed over 38 uL of water. It
should be noted that removal or prevention of water sorption does result in the loss of some
compounds. Heating of sorbent tubes during sampling resulted 1n the loss of acetic acid (68%
recovery). but recovery of all other compounds tested was 98% . Dry purging of sorbent tubes
resulted in the loss of acetic (31% recovery), propanoic (43% recovery), and 2-methy] propanoic
acids (85% recovery) with an overall recovery of all other compounds tested of 98%. This
indicates that heating of sorbent tubes 15 a better sampling practice than dry purging of tubes
containmg CMS material in humid environments.

Sampling Validation

Due to problems associated with excessive water sorption. sorbent tubes containing CMS
material were not tested for their capacity to retam standards under various BH conditions and
sample volumes. Relative humidity had a significant impact on the performance of the sorbent
tubes contaming Tenax material; however, the nnpact was only on the trapping efficiency of
acetic acid (Table 2). At RH of 80%, Tenax (Tenax TA) and graphitized Tenax (Tenax GR)
tubes gave excellent recoveries for most of the VFAs compounds tested averaging 97.5% (Table
2). However, recovery of acetic acid was less than 50% for both Tenax sorbent tubes, and 1ts
measure of reproducibility was lower than the other VFAs with an BESD average value of 19.2%
(Table 2). At 50% BH. Tenax sorbent tubes gave excellent results again for all compounds
except acetic acid with an average recovery of 97% (excluding acetic acid). At 25% RH,
recovery was excellent for all VFA except acetic acid with an average recovery of 90%. Due to
the loss of acetic acid larger sampling volame of more than 2 L was not attempted on Tenax
sorbent tubes.

Felative humidity did not have a significant impact on the performance of the

Carbopack C/Carbopack X (CP-X) sorbent tubes (Table 3). Eecovery of VFA on CP-X sorbent
tubes averaged 91% over all EHs with an average BESD value of 5%. The BSD wvalue for acetic
acid was significantly higher than the other VFAs averaging 12% compared to 4% for all other
VFA. Consequently, analvsis of samples was excellent with good reproducibility. Higher
sampling volumes of 6 and 12 L were also tested with these tubes. Since RH did not affect

recovery of VFAs on CP-X tubes, S8V for 12 L were tested at 50% FH only.
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Table 2: Recovery (%) of Volatile Fatty Acids after Passage of 2 L of Humudified Aar

Sorbent Tube

Volatile Fatty Acids Tenax TA Tenax GR CP-X*
Recovery RSD" Recovery RSD Recovery RSD

80% Relative Humidity

acetic acid 47.8 229 45.4 15.6 943 14.1

propanoic acid 118.1 39 86.5 5.1 103.1 6.9

2-methyl propanoic 116.8

acad 4.0 97.0 33 95.0 1.7

butanoic acid 112.6 2.7 96.7 35 92. 28

3-methyl butanoic acid 110.6 i8 1028 i1 958 4.6

pentanoic acid 102.4 3.9 98.0 4.0 93.6 22
30% Relative Humidity

acetic acid 19.4 14.6 290 8.8 97.9 18.5

propanoic acid 203 i3 103.6 6.8 929 B5

2-methyl propanoic

acid 871 39 1041 6.5 86.7 7.8

butanoic acid 94.2 1.9 105.9 4.7 90.1 0.9

3-methvl butanoic acid 94.1 19 1058 4.7 89.5 1.1

pentanoic acid 922 31 100.0 49 931 3.0
25% Relative Humidity

acetic acid 236 318 ND* - 96.2 2.4

propanoic acid 20.0 22 ND - 851 21

2-methyl propanoic 895 ND =

acid 2.2 82.0 47

butanoic acid 91.0 2.7 ND - 816 32

3-methyl butanoic acid 91.9 1.9 ND . 84.1 24

pentanoic acid 895 36 ND - B44 38

Dry

acetic acid 159 16.7 ND - ND -

propanoic acid 84.7 1.7 ND . ND -

2-methyl propanoic 81.1 ND - ND s

acid 39

butanoic acid 810 2.6 ND - ND -

3-methyl butanoic acid B3io 1.9 ND - ND s

pentanoic acid 83.6 3.2 ND . ND -

"CP-X (Carbopack C/Carbopack X). "RSD (relative standard deviation). “ND (not determined)
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Total recovery of VFAs, phenols, and indole was excellent averaging 94% (84-102%).
Consequently, CP-X sorbent tubes were chosen for monitoring of emissions from a poultry
facility.




NEMC 2007 Proceedings - Cambridge, MA

Speciation of VOCs from Poultry Facility

Table 4 15 a list of the most abundant compounds identified by GC/MS using sorbent tubes.
Acetic acid was by far the most abundant compound emitted from poultry facility. Its
concentration is four tumes that of 2_3-butodione, which 1s the next most abundant compound
emitted. In fact, the top six compounds compromuised close to 80% of the quantifiable material
on sorbent tubes. Two major chemical classes were associated with sorbent tubes volatile fatty
acids (63%) and oxv compounds (21%). The volatile fatty acids were expected since they have
been associated with AFO, but the importance of the oxy compounds was unexpected since these
compounds are not typically reported 1n air quality studies with AFO. The highest concentration
of compounds was detected in the region of the building with an active flock (SW1). A curtain
was placed in the portion of the building separating SW1 from SW3 and Tunnel ventilated
portion of the building. The concentration levels of the different compounds varied more
spatially than temporally.

Table 4: Concentrations of Top 20 Volatile Organic Compounds
Detected from Poultry Facility Usmg TO-17

Overall SW1 SW3 Tunnel

Compound ug m™

Acetic Acid 7739 1936.7 4379 138.0
2.3-Butandone 1878 3007 119.6 147.5
Butanoic Acid 62.2 164.2 295 103
Dimethyl disulfide 37.0 1219 272 307
3-Hydroxyl-2-butanone 329 1673 22 0.8
2-Methyl-3-Pentanone 301 832 263 432
Propanoic acid 397 112.3 13.6 3l
3-Methyl butanoic acid 359 1004 11.0 6.1
Hexane 343 305 399 193
Tetramethyl pyrazine 239 669 73 41
2-methyl] propanoic acid 22.6 742 39 2.6
Trimethyl Oxzaole 218 67.3 1.7 0.9
Acetamude 216 303 15.6 7.0
2-Butanone 19.2 420 12.9 6.9
Dimethyl sulfone 17.0 i1l 12.0 10.1
Indole 16.9 558 0.5 0.6
Pentanoic acid 15.1 41.9 3.3 5.1
Dodecane 142 219 18.0 78
Benzene 139 13.5 19.5 10.0
Diethyl ethyvlindenmalonate 13.1 17.1 13.6 83
4-Methyl phenol 03 193 10.2 1.2
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CONCLUSION

We determuned that sorbent tubes containing Carbopack X material was superior to other sorbent
material if sampling in humid environments. Techniques that reduce the sorption of water while
effective at lowering the water content of the sorbent material also lose the more volatile
compounds. It was determuned that thermal desorption 1s an excellent technique to use when
quantifying senu-volatile compounds emitted from AFOs. The major compounds detected at a
poultry facility were volatile fatty acids and oxy compounds with the areas of the facility
containing an active flock having higher concentration of compounds than portions of the facility
contaimng no birds.

REFERENCES

1. National Research Council Air emission from animal feeding operations cirvent knowledge

future needs. The National Academies Press, Washington, D.C.. 2003,

2. Federal Register. 2005, Arnimal feeding operations consent agreement and final order. Fed.
Fegist. 70, 4958-4977.

3. Zahn J A ] L Hatfield Y. S Do, A A DiSpirtto. D. A Taird, and B L. Pfeiffer.
Characterization of volatile organic emissions and wastes from a swine production facilin. J.
Environ. Qual. 1997, 26: 1687—16%6.

4. Schiffman. 5.5.. I L. Bennett, and . H. Ravmer. Quantification of odors and edorants from
swine aperations in North Carelina. Agric. For. Meteorol. 2001, 108:213—240.

3. Sonesson, A-L. Gullberg, J. and Blomguist G, 2001. Airborne chemical compounds on
dairv farms. I of Environ. Momtoring 2001, 3: 210—216.

6. Koziel, I, J. Spmhirne. J. Llovd. D. Parker, D. Wright, and F. Kuhrt. Evaluation of sample
recovery af malodorous livestock gases from aiv sampling bags, solid phase microextraction
fibers, Tenax T4 sorbent tubes, and sampling canisters. J. Air Waste Manage. Assoc. 20035,
35:1147—1137.

7. McClenny, W.. S. Schoudt, and K. Kronmuller. Fariation of the relative humidity of air

released from canisrers after ambient sampling. J. Air Waste Manage. Assoc. 1999, 49:64—
69.

8. Rabud. N.. 5. Ebeler. L. Ashaugh, and B. Flocchini. 2002, The application of thermal
desorption GC/MS with simultaneous olfactometry evaluation for characterization and

gquantitation of odor compounds from a dairy. J. Agric. Food Chem.. 2002, 50:5139-5145.

9. Willig. 5., M. Lacorn. and R. Claus. 2004. Development af a rapid and accurate method for
the determination of keyv compounds af pig odor. . Chromatogr. A. 1038:11—18.

272




NEMC 2007 Proceedings - Cambridge, MA

Monitoring VOC Emissions from
Animal Feeding Operations (AFO)

Steven L. Trabue

USDA-Agricultural Research Services
National Soil Tilth Laboratory

Ames , TA

Collaborators

Kenwood Scoggin
USDA-Agricultural Research Services

National Soil Tilth Laboratory

Hong Li, Robert Burns, and Hongwei Xin
Iowa State University
Biosystems and Agricultural Engineering

Ames, [A

273




NEMC 2007 Proceedings - Cambridge, MA

Outline

Background Information
Method Development TO-17
Speciation of VOC TO-17

Comparison of TO-17 vs TO-15

Animal Agriculture

Major Chﬂugc‘.s in last several decades
m 1982-2002 Total Number of AFOs fell by 25%
® Total number cattle: -9%
u Total number dairy cows:
ytal number of swine:

Total No.
m Poultry
® Swine
® Dairy

'USDA, National Agricultural Statistical Service, 2002 Census
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Faces of Modern Animal Agriculture

e
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EPA’s Air Compliance Agreement

Purpose: determine if AFOs are in compliance with
various EPA regulations

m Clean Air Act

m Release Reporting Requirements

» Comprehensive Environmental Response, Compensation and
Liability Act (Superfund)
® Emergency Planning and Community Right-to-Know Act

VOC Emission Methodology

National Research Council (2003)1
B More research needed

Lack of standardized methods in sampling and analysis of VOCs

™
m Offered little in terms of guidance
m

Methods described were validated with stable, non-polar
hydrophobic compounds associated with industrial pollutants

INRC. Air emission from animal feeding operations current knowledge future needs.

EPA Air Compliance Agreement?
® Nonmethane Hydrocarbon (NMHC)
= EPA Method 25A (FID)
m Speciation of VOC based off TO-15 canister

m Top 20 compounds
2Fed. Regist. 2005 70:4958-4977
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Agricultural Air Quality Studies

Major VOC Categories from AFOs!
Organic Acids
Alcohols
Carbonyl/Ketones
Phenols
Sulfides

!Blunden et al. 2005 Atmos Environ.; Zahn et al. 1997, 2001 J. Environ. Qual.; Schiffman
et al. 2001 Agric. For. Meteorol.; Rabud et al. 2003 Atmos. Environ. and Filipy et al. 2006
Atmos. Environ.

Physical chemical properties of VOCs

Range of Volatility
Reactivity
Polarity

Sorption to surfaces
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Method Development

EEA -1

Sorbent Tubes

Zahn et al. 1997 J. Environ. Qual.
Demonstrated the effectiveness of using sorbent tubes for
analysis of agricultural emissions at the source and
ambient air.
Method used a multi-bed sorbent tube containing carbon
molecular sieve sorbent material.
This paper has become a standard for measuring

emissions from animal l"eeding ()pe.r:-ll.ions.
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Carbon Molecular Sieve (CMYS)

Sorption Studies!
Sorption occurs on surface functional groups (Low P/P)
Water sofpti on increases as va por concentration of water
increases with water sorbing into previous sorbed water
with subsequent cluster formation

Pore filling occurs at 50% (P/P,)

Plateau at high P/P_ when all pores are filled

'Brennan et al. 2001. Colloids and Surf. A.

Inside Animal Facility

Swine Barn!
P3E

51% RH (39-78%)

Yerez et al. 2005 AWMA

| Broiler House?

| 30°C

*Heber et al. 2005 AWMA

279




NEMC 2007 Proceedings - Cambridge, MA

Outside Conditions

Swine Facility
18-23°C
78-85% RH

3Zahn et al. 2001 J. Environ. Qual.

Cattle Feedlot
20-37°C

19-85%

Objectives

Determine the effect relative humidity has on
the sampling and analysis of VOCs on sorbent
tubes.

Develop water mitigation techniques for
sampling 1n humid environments.
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Compounds Tested

Volatile fatty acids (VFA)
s GG

Phenolic Compounds
| P—C]:CSO]
= 4-ethylphenol

Indolic Compounds
® Indole

®  3-methylindole

Sorbent Tubes

Carbon Molecular Sieve
®  Tenax TA/Carboxen 569 (CMS 569)
®  Carbopack C/Carbopack B/Carbosieve SIII (Carbotrap 300)

Tenax TA (Tenax)

Graphitized Carbon
m  Carbopack C/Carbopack X (Carbopack X)
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Properties of Sorbent Material

Adsorbent . Surface Area
Carbosieve SIII

Carboxen 569

Carbopack-B

Carbopack-C

Carbopack-X

Tenax GR

Helmig and Vierling, Anal. Chem. 1995 67:4380-4386

Sampling Condition

Air Matrix
Temperature (23°C)
Relative Humudity: 25, 50, 80%

bﬂmphng Parameters
Sampling Flow Rate: 100 mL min!

Total Volume: 2, 4, 8, 12, 24 1.

Tube Loading (100-600 ppbv)
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Analysis

(. Thermal Desorption (Gerstel 'l‘DSA)
= Splitless Mode

= Desorplion flow: 40 ml, min™!

®» Temperature: 60-300°C

2. GC/MS (Agﬂent 6890 w/5973 l\"[SD)
m GC Column: FFAP (3(} tn_)
# Column Flow: 1.3 mL min

MS: SIM mode

1

25% Relative Humidity

m CMS 569
0.3-2.0 mg water

=
=}
|

w
=1
l

m Carbotrap 300
1.2-2.3 mg water

Water Sorbed (mg)
|

—
=)
|

R = m Carbopack X
) ® <0.5 mg water

=

10 15 20

o

Volume Air (L)
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50% Relative Humidity

CMS 569
58mg 2L
26.8mg 24 L

—e——  CMSEE9
weeBoe Carbotrap M0
enax

Cafbr_}tml_') 300
44mg 2L
320mg 24 L

Water Sorbed (mg)

Tenax T'A
0.05-0.5 mg

10 13

Velume Alr (L) Carbopack X
0.1-0.25 mg

80% Relative Humidity

CMS 569
199mg 2L
40.1 mg 24 L

Carbotrap 300
EME S0 16.5mg 2L

Carbatrap 300 o =B
Tenax 37.5mg 24 L

- Carbopack CX

Water Sorbed (pg)

Tenax TA
0.1-0.5 mg water

=)

15
. Carbopack X
Velnme Al (L) 0.1-0.8 mg water
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Carbon Molecular Sieve

Critical RH for CMS Sorbent Material®
m 45% RH Carboxen 1000
m 35% RH Other CMS

Fastyn et al. 2005 J. Chromatogr. A.

Recovery of Compounds from
Sorbent Tubes
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Carbotrap 300

80% Relattve Humidity

®  Inability to integrate peaks (lost data)
50% Relative Humudity

= 83% Recovery

m  27.5% RSD
25% Relative Humudity

= 108% Recovery

= 5.8% RSD

Intensities

Standards l

Time (min)

286




NEMC 2007 Proceedings - Cambridge, MA

Tenax TA

1. Low water sorption at all RH tested

2 Generally excellent recovery of all compounds
(except acetic acid and indole)

® 99.8% Recovery (80% RH) from 2-12 L.

B 52% RSD
m

Lower recovery of acetic acid at lower RH.

80% RH

Intensities

50% RH

0%s RH

Standards

Time (min)
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Carbopack X

LLow water sorption at all RH tested

Best results in terms of recovery and
reproducibility

= 90% Recovery for all compounds (2-12 L at 80%
RH).
8.6% RSD

Intensities

50% RH
Standards

80% RH |
.
L

§ 10

Time (min)
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Conclusion

Multi-bed sorbent tube containing graphitized carbon
material (Carbopack X) was capable of quantitatively
recovering all compounds tested at all RH.

Tenax generally trapped/quantified all compounds
except acetic acid and indole.

Sorbent tubes containing carbon molecular sieve

material should be avoided in humid environments.

Water Management Techniques
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Dry Purge
(Post Processing)

® Temperature: 23°C

,""C —— .. < »= Flow: 100 mL min!
»

ﬁhf— i ® Volume: 2 1

H 5 . a4
\ < ﬂ 3

' '_-:,q-;-' NS

= Reduced Water Content
= 38mg to< 0.5 mg
m Recovery: 89.8% Acetic acid and propanoic acid were
less than less than 50% (96.7%).
= High RSD 24%

Heating of Tube

2, % ® Temperature: 41°C
l " ® Flow: 100 mL min™?
T

% L |

*-;i H ® Volume: 12 L

}
B

B Reduced Water Content
m 37.5mg to <1.0 mg

= Recovery: 91%
= RSD: 12.9%
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Conclusion

Heating of CMS sorbent tubes is preferred over
dry purging of CMS sorbent tubes.
® Greater Recovery of compounds

® Lower RSD compared to dry purging

Speciation of VOCs
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Production Facility

Curtain
SW1 J/ SW3 Tunnel
) M i) =
°10 911
Os O 6 L@
02 Os 80
O1 O 4 0
T T T T

Commercial broiler house. 43 x 510 fi.

Ventilation: 1) sidewall fans (four, 0.9-m d}; or 2) tunnel fans (10, 1.2-m d).
Rice hull was used as the bedding material with caked litter being removed
The litter was allowed to accumulated 2-4 flocks of production.
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Top 10 VOC Determine TO-17

Overall SWI |  SW3 | Tunnel

Acetic acid 1936.7 457.9 138.0
2.3-Butandone

Butanoic acid

Dimethyl disulfide

E-I Tydr ‘

butanone
2-Methyl-3-pentanone
Propanoic acid

3-Methyl butanoic
acid

Hexane

Tetramethyl pyrazine

VOC TO-17 Information

% Total Top 1 Top Tier Top 10
Overall: 79.0% 87.8%
m SW1: 4.0% 82.1% 5

m SW3:

® Tunnel:

Vasiability RSD (CV)
® Location: 56%

B Section:

® Overall:
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TO-17 and TO-15
Compound Overlap

TO-17 TO-15

m 2 3-Butandione 201.2 917.4
m 2-Butanone 20.6 44.0
m Hexane 34.3 37.0
m Toluene 54 5.1

m Benzene 13.9 14.9

TO-15 vs TO-17

VOC Emisstons: TO-15 (%) TO-17 (%)
Overall 59 73
SW1 50 78
SW3 70 72
Tunnel i) 46
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Conclusion

Identifying the top 20 compounds was a good
o’ L - L -
approximation for total VOC emissions.
Recommend a more extensive VOC monitoring
program due to high variability for each individual
compound.
Speciation of VOCs using TO-15 alone will miss a

I 2
significant portion of total emissions especially from
areas with active animal populations
Recommend Sp(:‘.C_iﬂ[.i()l'l of VOCs using both TO-15
and TO-17.
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Seasonal and Diurnal Variations of Hg® over New England:
Implications for Regional Budgets

Huiting Mao
University of New Hampshire

ABSTRACT

Three-vyear total gaseous mercury (TGM) measurements at a near-coastal site 1 southeastern New
Hampshire exhibited distinct seasonality with a maximum level of 160 parts per quadnllion (ppqv)
m spring and a 100 ppgv mininmm 1 fall. Coincident depletion of O3 and TGM on summer nights
suggested strong dry depositional loss of Hg® with a deposition velocitv of 0.12-0.14 cm s-1. Usmg
measurements from a central New England 700 m altitude site, we obtained a regional biogenic
contribution of 13 ppgv to the daily TGM level, ~30% greater than the anthropogenic one. The
significantly lower TGM nuxing ratios near the coast compared to mland appear to be mediated by
reactions with marine-derived halogen compounds. Owerall, the significant nmltiple loss pathways
for Hg" support a lifetime of only several weeks in the coastal boundary laver. Moreover, we
propose that the steep decreasing warm season trend m TGM during 2005 may have been driven by
inter-annual variability in the large-scale background level

296




NEMC 2007 Proceedings - Cambridge, MA

The Impact of Passive Sampling Methodologies Used in the
DEARS

Ron Williams

US Environmental Protection Agency
ABSTRACT

The Detroit Exposure and Aerosol Research Study (DEARS) was a three-year field monitoring study
completed 1 February 2007 that was designed to characterize spatial and temporal exposure
relationships mvolving air toxics, particulate matter (PM) components, PM from specific sources,
and criteria pollutants in Wayne County, Michigan. Daily (24-hr) personal, residential indoor,
residential outdoor and community-based outdoor arr measurements were major components of the
study design. A primary data collection need of the study was to collect approximately 1200
participant momtoring days. Use of traditional active samplers for collecting some of the desired
metrics would not have been cost effective or would have represented unwanted monitoring burden
to the participants. Therefore, low burden passive dosmmeters were employed for the collection of
many of the desired environmental pollutants. In particular, diffusive sampling tubes (PerkinElmer)
containing Carbopack X (Supelco) were deployed for the collection of twenty-five volatile organic
compounds (VOCs), Ogawa diffusion badges were used for SDJ', NO’. and O° measurements and the
Passive Aldehyde and Ketones Sampler (PAKS) were used for the collection of acrolein,
acetaldehyde and formaldehyde.

This presentation will provide information on the use of passive monitors to collect nearly 6000
criteria gas samples, as well as approximately 4000 carbonyl and VOC measurements each during
field deployment in the DEARS. In particular, data will be presented showing the ability of the
passive momitors to successfully collect data across the various spatial settings. Detailed
descriptions of how the methodologies were deployed. operating conditions, comparisons of results
for passive and standard methods, artifacts observed, limits of detection, precision and analyte
recovery statistics will be reported. Field measurement data from the DEARS are still being
recovered and validated. We will discuss some of the early environmental findings from the first two
vears of the study to showcase the ability of these passive samplers to detect real-world
concentrations of select pollutants.

Although this work was reviewed by EPA and approved for publication, it may not necessarily
reflect afficial Agency policy.
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BEST PRACTICES FOR
INSTRUMENT CALIBRATION
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Calibration Best Practices Defined in United Kingdom

Marlene Moore
Advanced Systems, Inc.

ABSTRACT

International organizations and ASTM publish best practices for calibrations used in testing
laboratories. This presentation will highlight the best practices developed and published by one
orgamzation in the United Kmgdom. Some comments on current ASTM guidance will also be
summarized for comparison. In 2003, a study i the United Kingdom found many pitfalls
encountered i calibration studies. The information was published 1 an Industry Guide titled:

s DL

“Preparation of Calibration Curves, A Guide to Best Practices, September 20037 The patfalls
identified include the following:

¢ the concentration range is not adequate to cover the range of sample
concentrations;

* the calibration standards concentration are not evenly spaced across the
calibration range;

s the uncertainty associated with the calibration standards concentration is too large
due to preparation practices or standards purity;

o the wrong regression formula is applied;
s the calibration line 15 fitted through zero even though the mtercept 1s not zero;

o instrument software is used to carry out the regression without looking at the plot
of the data;

s the full standard error of prediction calculation 15 not performed; and

o the performance of the instrument is not within specification.

Suggestad steps are presented in the reference document to avoid the above problems. An overview

of these steps and the related ASTM guidance are presented.
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Calibration Best Practices

Defined in United Kingdom

Presented by:
Marlene Moore

Reference

¢ Preparation of Calibration Curves, A
Guide to Best Practices, September 2003
LGC/VAM/2003/032
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Pitfalls during Studies

» Common pitfalls were identified

» Linear Systems
RESDOHSE to concentration

Pitfalls

+ Concentration range is not adequate to cover
the range of sample concentrations

Calibration standards concentration are not
evenly spaced across the calibration range

Uncertainty associated with the calibration
standards concentration is too large due to
preparation practices or standards purity

+ Wrong regression formula is applied
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Pitfalls

+ Calibration line is fitted through zero even
though the intercept is not zero

» Instrument software is used to carry out the
regression without looking at the plot of the
data

+ Full standard error of prediction calculation is
not performed

+ Performance of the instrument is not within
specification

Avoid Problems By:

* Plan the calibration study

» Analyze a standard with zero analyte
concentration (i.e., method blank or
calibration blank)

Use appropriate materials and apparatus for
preparation of calibration standards

+ Define  the equipment . specifications
appropriate for the calibration
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Avoid Problems By:

- Plot and examine calibration results and
specify the acceptable residual;

» Use validated software to perform the linear

regression;

- Define when to set the intercept to zero (e.g.
when is the intercept and zero insignificant);

»Calculate the uncertainty for test sample
concentrations from the calibration curve as
one component of the estimated uncertainty.

Plan the Study

+ Number of calibration standards
» Concentration of each standard

* Number of replicates of each
measurement

* Preparation of calibration standards
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Making Measurements

+ Equipment Qualification
Fit for purpose

+ Standards in a random order
Not decreasing or increasing

Plotting the Results

* View in a plot
+ Evaluate the scatter plot

» Points of influence
Leverage or bias
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Regression Analysis

+ y = mx+b
X = concentration
y = response
Residuals
y measured versus y calculated
How well the line fits the data

Least squares regression - minimize the sum of
squared residuals

Normal distribution, equal weight to all points
Standard deviation is the same across all points

Analyze Residual Plots

Corcenrator img L

s) ideel - random distribution of residuale about zero b) Standerd devietion Increases with concentratio

Lo ]
‘ s - -
i-“‘ﬂidil*l. 334..:.'

Conceniraion img L™ Corcantmation img L*

¢} Curved responze d) Intercept incorrectly set to zero
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Correlation Coefficient, r

* Measure of correlation not linearity
» Closer to 1 the better the correlation

Residual Standard Deviation

+ Deviation of data from fitted regression
line

+ ANOVA table to assess regression

» Fitting line through origin
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95%s
0.012538
0.10577

Estimate Sample Values

+ Satisfactory regression analysis

* m and y used to calculate test sample

results
+ Samples analyzed multiple times
+ Same conditions as standards
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Estimate Uncertainty

+ Confidence interval for regression line
» Less certain near extremes

+ Prediction interval calculation provides
estimate of uncertainty associated with
predicted values of x

Calibration Today

+ Robust statistical techniques not always
used in the method validation when test
developed

» Laboratory method validation data does
not present study of calibration process
to support laboratory method
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Method Validation

+ Reference test methods must define

specific conditions of test or define acceptable
statistical parameters of performance

selection of number of data points
calibration range

origin

uncertainty

number of standard and sample runs to reduce
standard error of prediction

Thank you

Marlene Moore
Advanced Systems, Inc.
302 368 1211
mmoore@advancedsys.com
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Calibration in Environmental Analysis: Issues and Proposals
for Improvement

Richard Burrows
Severn Trent Laboratories

ABSTRACT

The instrument 1s calibrated in order to translate a response to the concentration or amount of a
compound of mnterest. Ideally, the model that we use to describe the relationship of response to
amount should minimize any errors that are introduced. There also needs to be a measure of how
effectively the calibration model describes the analyte/response relationship. Limats are set for the
quality of the calibration model before use for analysis of environmental samples 1s allowed. Ideally
these limits should be set based on an understanding of the method and data quality objectives. In
practice they are almost alwavs set by reference to a published EPA method. Almost all EPA
methods use average response factors or least squares regression as the calibration model. Percent
relative standard deviation 1s used to measure the quality of the average RF model and the
correlation coefficient or coefficient of determination 1s used as a model of the least squares model

In this paper we show that unweighted regression curves are a very poor calibration model for
environmental analysis, and that the correlation coefficient 1s completely madequate as a measure of
the quality of the fit, despite 1ts wide use not only in environmental analysis, but also
pharmaceutical and general chemical methods. We will introduce alternative statistics for the
evaluation of calibration curves, designed to ensure that curves that pass the criterion will be
appropriate for environmental analysis.
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Calibration in Environmental

Analysis
Issues and Proposals for Improvement

Richard Burrows

E200T, TestAmerica Analytical Testing Conp. AR rights reserved. NEMC A.ugust, 2007

TestAmerica & Design ™ we irademarks of TestAmerica Analytical Testing Comp.

TestAmerica Profiias

« The impact of calibration models on the ability to
detect and quantify analytes is substantial.

~ Nonetheless, use of the appropriate calibration
models is poorly understood and poorly controlled,
and in many cases we are instructed to use
calibration models that produce false positives,
false negatives, and wildly inaccurate quantitation.
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TeSTAme”C_O Instrument Calibration

« What do we want from the calibration?
~ Accurate translation of instrument response to
analyte amount

~ Minimize the errors introduced by the calibration
itself

w What kind of Errors?

- Relative or Absolute?
~ Characteristics of other errors in the measurement
system
~ What kind of error are we measuring with our QC?

~ Which is most important from the risk standpoint?
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TestAmerica Characteristics of variance

2 Method 3520/8270, 8 replicates prepared and
analyzed at 100ppb, 10ppb, 1ppb

Average of 84 analytes

100ppb 10ppb 1ppb
Std. Dev. 4.163 0.610 0.042
SD relative to 88 13 1
1ppb SD

Unweighted regression is only valid if the
standard deviation is constant across the range

TestAmernca what do we care most about?

» Calibration curve 1-100ppb
~ Do we prefer and expect)
~ +/- Sppb at all levels, (Absolute error)
~ +/- 10% at all levels, (Relative error)

True 1 10 25 50 100

+/-5 (-4)-6 5-15 20-30 45-55 95-105

+/-10% 0.9-1.1 9-10 225275 45-55 | 90-110
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TestAmerica Risk

The difference in risk level between a concentration
of 100 and 110 is small, but the difference
between 0 and 1 may be very large

TestAmerica We want to minimize relative
o= —— error

- We need a calibration model that minimizes
relative error

* We need a measure for the calibration curve that
evaluates how much relative error there is.
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TeSTAme”_CO Calibration approaches

« SW-846 Method 8000B

~ ..begin with the simplest approach, the linear
model through the origin, and progress through
other options until calibration criteria are met

If RSD is < 20%, linearity through the origin
may be assumed, and the average calibration
or response factor may be used to determine
sample concentrations

TeSTAme”CO Linear regression

- SW-846 Method 8000B

~ If the RSD is > 20% then linearity through the origin
cannot be assumed. In this case the analyst may
employ a regression equation that does not pass
through the origin

+ 8000C

~ Linear least squares regression may be employed
based on past experience or at the discretion of the
analyst

10
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TestAmerica Weighting

- 8000B

~ The analyst may also employ a weighted least squares
regression if replicate multi point curves have been performed
1/SD2?

- 8000C
~ Weighting may significantly improve the ability of the
regression to fit the linear model to the data.

- The mathematics used in the least squares
regression has a tendency to favor numbers of
larger value over numbers of smaller value. Thus
the regression curves that are generated will tend to
fit points that are at the upper calibration levels
better than those points at the lower calibration
levels

11

Tc-;s’rﬁmgﬁ;:q Method 8000C

+ Weighting
~ Examples of weighting factors which can place
more emphasis on numbers of smaller value are:
~wi=1ly, or wi=1/y?

~ These weighting factors are recommended if
weighting other than w; = 1 is to be used

12
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TestAmerica

A simple calibration curve

p “ True Response
5 conc
100 4 + TRUE
—— Average 1 1
80 4 — LI Piled
3 —WEIGED
8%
£
g w0 50 50
&
20 +
0 . ; i
60 a0 100 120 100 106
-20
Amount (x)
\,
13
TestAmerica Effect of weighting
-
Average
Paint Error
+ TRUE 1 29,
—Average =
Unweightad S0 2%
T
g Unweighted
i Point Error
« 1 100%
50 4%
95 f - - " i Weighted
95 a7 9g 101 103 105 Point Error
Amount (x) 1 0.03%
N 50 3%
14
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L I8 Effect of weighting
( =
Average
7l Point Error
+ TRUE
- — Average 50 v
——Unweighted
S 3l ——Weighted 100 3.8%
E Unweighted
g- Point Error
A -
(4
50 4%
g} 100 0.92%
0 | ; ; ; Weighted
0 1 A i o 5 Point Error
Amount (x)
& 50 3%
100 2.8%
HS
TestAmerica Method 1631 guidance

+ Weighting

~ “An unweighted regression is incorrect for nearly all
instruments and analytical systems.”

~ “The calibration included a data point at the Method
1631 MDL (0.2 ng/L). The RSD for the CF/WR
approach was 7.8 percent. The coefficient of
determination (r2) for the unweighted approach was
1.000, indicating no error in calibration. The reason for
the indication of zero error is that the low calibration
points are, essentially, unweighted. Therefore, the
unweighted regression is equivalent to a single-point
calibration at the highest calibration point. We do not
believe that this form of calibration is consistent with the
best science.”

16
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TeSTAme”C_O Weighted Regressions

+ Unweighted Z [(predicted — actual)?]
- 1/X Weighting % [[(predicted — actual)/ conc}?]

+  1/X2Weighting Z [[(predicted — actual)/ (conc)ﬂ]z]

+  Weighted regressions tend to minimize relative error as
opposed to absolute error

17

TestAmerica Unweighted linear
e s v ST regression

« Unweighted regressions minimize the absolute
residuals

~ In a calibration from 1-100, an error (residual) of 5 at
the 1.0 point has the same weight as an error of 5 at
the 100 point.
+ 1/ (Conc)? weighted regressions minimize the
relative residuals

~ In a calibration from 1-100, an error (residual) of 5% at
the 1.0 point has the same weight as an error of 5% at
the 100 point.

18
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TestAmerica

Acceptance Criteria

19

Tgs’rA_mgﬁ;:q Method 8000C

« Acceptance criteria
~ r, COD or r2 must be greater or equal to 0.99

~ It is recommended that a comparison of the
calculated amount of each of the standards
against the expected amount be made using %
difference

The absolute value of the percent difference
between these two amounts for every calibration
level should be less than 20%

20

320




NEMC 2007 Proceedings - Cambridge, MA

TeSTAmenCO Second Premise

« The Correlation coefficient (and the coefficient of
determination) are pretty much useless for
evaluating the suitability of a calibration curve

21

TesTAmenC_o Correlation coefficient

« For most applications, and calibration curves in
particular, the correlation coefficient must be
regarded as a relic of the past

~ Meier and Zund, Statistical Methods in Analytical
Chemistry, 2000
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TeSTAme”C_O Correlation coefficient

* “The correlation coefficient in the context of
linearity testing is potentially misleading and
should be avoided”

~ Royal Society of Chemistry, Technical brief

« “The author has seen cases where a correlation
coefficient of 0.997 was believed to be a better fit
than 0.996 of a 5 point calibration curve. One
can even find requirements in quality assurance
plans to recalibrate if the correlation coefficient is
less than 0.995!"

> ~ Taylor, Statistical Techniques for Data Analysis, 1990

TestAmerica IUPAC

THE LEADER IN ENV

« Guidelines for calibration in Analytical Chemistry,
1998

~ “The correlation coefficient which is a measure of
relationship of two random variables, has no
meaning in calibration....because the values x are
not random quantities in the calibration
experiment”

24
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TeSTAme”C_O Correlation coefficient

« “One practice that should be discouraged is the
use of the correlation coefficient as a means of
evaluating goodness of fit of linear models”

~ Van Arendonk and Skogerboe, Anal. Chem. 53,
1981, 2349-2350

25

TestAmerica

- What alternatives are available?

26
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TeSTAme”C_O Calibration objectives

= The calibration model should minimize relative
error

« The calibration measure(s) should determine
how well this objective is met

27

TestAmerica One additional requirement

- |If we accept different ways of evaluating the
curve, we want some consistency.

+ We don’t want one measure to say a curve is
good, and another measure to say that it is bad

28
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TestAmerica

%RSD =100 x

%RSE =100 x

i=1 C'Yf'

n—1

RSD and RSE

C

X

curve coefficient
Concentration

response

predicted response

from curve

RSE = RSD when calculated for the average
COULD USE THE SAME CRITERIA

29

TestAmerica

==
( r= 099 RSE = 34%
5 - Average
5 Puaint Error
¢ TRUE
1 2%
4+ — A VETAGE
8,
ol — I weighta d i 2
2 —Weighted 100 3.8%
e 3
E a4+ r= 999 RSE = 94%
% 24 Unweighted
12 9 Point Error
. 1 100%
50 4%
1 4
100 0.92%
] 4
0 1 2 3 r=.900 RSE=41%
Amount (x) Weighted
\_ Point Error
1 0.03%
50 3%
100 2.8%
30

325




31

32

NEMC 2007 Proceedings - Cambridge, MA

Tes’[,t\menco EPA clarification memo on the use of

Tes’rAmenc:o

E LEADER IN ENV

SW-846 methods, Aug 7 1998

“Further, the Agency recognizes that the relative
standard error (RSE) is a useful measure of the
goodness of fit of a calibration model that the Agency
had not previously considered. The RSE is useful for
both linear regression models as well as non-linear
models, as it considers the error at each point in the
calibration model as a function of the concentration of
that standard.”

SW-846 methods, Aug 7 1998

EPA clarification memo on the use of

“Using the RSE 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 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.”
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TestAmerica The Calibration Curve that Can’t
TP prpr—— Fail! (A Digression)

« “We really want to make sure we carefully define
the low erdcgﬁme Besve.’

0.82

2 2.23
3 2.75
4 4.34
5 4.27
10 8.55
100 117

slope 0.84419
corr 0.99968
int 0.91870

33

TestAmerica  Reporting limit corresponds to
I e ey the low point on the curve

Population mean-is. very nearlow end of curve. Irrespective of
results, the line is Sﬁ;&ﬁto -.QE:_&':!t'a points.

2 0.00
3 0.00
4 0.00
5 0.00
10 0.00
100 117

slope 0.81564

corr 0.99679 = 0
int 4.16667 RSE = 149%
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. The Impact of Calibration Models on Analyte
TeSTAmenCO Detection and Accuracy at Low

Concentrations

+ Example GC/MS Data
- Example ICP/MS Data
+ Example IC data Data

35

TestAmerica GC/MS Data

« Three calibration models,
~ Average response factor
~ Linear regression with no weighting
~ Linear regression with inverse square weighting.

- If a sample gave the same response as our low
standard, what would we detect and report?

36
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TestAmerica One calibration, processed three
g different ways

EADER IN ENVIRONMENT/

GC/MS inverse square
Avg RRF weighted unweighted
%RSD r r?
bis(2-chloroethyl)ether 4.68 0.998 0.996
bis(2-chloroisopropyl)ether 4.26 0.999 0.996
n-nitroso-di-N-propylamine 6.35 0.998 0.995
nitrobenzene 6.15 0.999 0.998
bis(2-chloroethoxy)methane 5.14 0.999 0.997
2,4-dichlorophenol 11.54 0.999 0.997
hexachlorobutadiene 3.46 0.999 0.998
2,4-dinitrotoluene 25.72 0.996 0.998
4-chlorophenyl phenyl ether 5.69 0.999 0.998
4-bromophenyl phenyl ether 5.42 0.999 0.998
hexachlorobenzene 2.4 0.999 0.998
bis(2-ethylhexyl)phthalate 22.24 0.999 0.998
37
TestAmerica Three different results
GC/MS inverse square

Avg RRF weighted unweighted
MDL (ug/l) 0.5 ppm std 0.5 ppm std 0.5 ppm std

bis(2-chloroethyl)ether 0.405 0.53 0.5
bis(2-chloroisopropyl)ether 0.386 0.48 0.5
n-nitroso-di-N-propylamine 0.339 0.45 0.5
nitrobenzene 0.455 0.45 0.5
bis(2-chloroethoxy)methane 0.357 0.46 0.5
2,4-dichlorophenol 0.338 0.39 0.5
hexachlorobutadiene 0.362 0.49 0.5
2,4dinitrotoluene 0.244 [N 0.5
4-chlorophenyl phenyl ether 0.412 0.45 0.5
4-bromophenyl phenyl ether 0.267 0.46 0.5
hexachlorobenzene 0.52 0.5 0.5
bis(2-ethylhexyl)phthalate 0.232 0.5
>20% error-
38
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TestAmerica ICP/MS Data

« Compare Continuing Calibration Blank results
using two different calibration models, linear
regression without weighting and linear
regression with 1/X weighting.

39

TestAmerica The test

If the CCB result is greater than the MDL, you
have a high risk of false positives

If the CCB result is less than the negative value
of the MDL, you have a high risk of false
negatives

40
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TestAmerica

R IN ENVIRONMEN

MDL weighted weighted

ug/l
Li 0.17
Be 0.03
Vv 0.05
Cr 0.12
Mn 0.06
Co 0.02
Ni 0.18
Cu 0.24
Zn 1.25
As 0.28

41

TestAmerica

42

not

ug/l
-0.15
-0.16
0.27
-0.15
0.39
-0.24
-0.26
-0.28
0.14
-0.20

ug/l

0.01

0.00
-0.02
-0.06
0.00
0.00
0.00
0.04
-0.05
0.01

weighted weighted

CcCB1
not
MDL
ug/l ug/l
Se 0.42 -0.18
Sr 0.03 -0.25
Mo 0.14 0.16
Ag 0.16 -0.15
Cd 0.03 -0.02
Sb 0.20 0.10
Ba 0.07 0.00
Tl 0.06 -0.28
Pb 0.06 -0.12

ug/l
-0.04
0.00
0.23
0.00
-0.01
0.13
0.00
0.00
0.00

Weighted versus unweighted

« Unweighted — 50% fail test. CCB results are
either > MDL or < -MDL

+ Weighted — 1.2% fail test. One high result for
molybdenum

+ Same data, same instrument same sensitivity,
only difference is calibration model
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TestAmeric Method 300 example

THE LEADER (W ENVIRONMENTAL TESTING

Fluoride
MDL
0.040
Linear Linear Linear Linear
Conc. Response | unforced Forced 1/x 11X2
0.05 1497075 266.11% 0.63% 16.43% 0.78%
0.5 12858983 13.30% -15.69% -12.09% -9.10%
2.5 67621646 -6.11% -9.99% -7.83% -3.19%
5 1.43E+08 -3.50% -4.38% -2.47% 2.14%
10 3.02E+08 1.13% 1.62% 3.35% 7.80%
r
RSE 152.00% 8.47% 12.47% 7.24%
43
TestAmerica
Nitrite
MDL Linear Linear
0.011 unforced Forced Linear 1/x Linear 1/X2
0.05 2180491 205.76% 5.67% 12.56% 0.55%
0.5 18572459 11.28% -10.75% -8.54% -6.22%
25 93858389 -6.50% -9.58% -1.90% -4.17%
5 2.01E+08 -1.87% -2.56% -1.05% 2.61%
10 4.16E+08 0.79% 1.18% 2.60% 6.22%
s | owes | oo | aoms |
RSE 124.30% 7.32% 10.09% 5.85%
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TestAmerica
e
Bromide
MDL Linear Linear Linear Linear
0.021 unforced Forced 1% 1/X2
0.05 1606620 358.50% -5.30% 24.17% 1.29%
0.5 13366717 14.44% -26.57% -20.67% -16.15%
2.5 76229872 -5.90% -10.97% -8.09% -1.64%
5 1.59E+08 -5.28% -6.44% -3.96% 2.54%
10 3.46E+08 1.50% 2.14% 4.29% 10.40%
oo | ooms | oews | oo
RSE 192.13% 12.30% 17.49% 10.65%
TestAmerica
e
Nitrate
MDL Linear Linear Linear Linear
0.0082 unforced Forced 1 11X2
0.05 2247869 339.37% -5.43% 18.18% 0.75%
0.5 20450323 19.65% -15.89% -11.19% -8.04%
\ 2.5 1.06E+08 -6.98% -11.82% -9.11% -4.16%
\\ 5 2.23E+08 -5.26% -6.36% -3.99% 0.94%
\\ 10 4.84E+08 1.54% 2.14% 4.22% 8.86%
r
RSE 182.04% 9.58% 13.04% 7.47%
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TestAmerica

Phosphate

MDL Linear Linear Linear Linear

0.048 unforced Forced 1ix 1X?

0.05 651248 218.38% -25.53% 9.91% 0.30%

0.5 7605083 12.10% -1.49% -3.50% -2.15%

25 38175481 -4.32% -1.07% -5.43% -3.23%

5 79141773 -2.66% -3.29% -1.99% 0.23%

10 1.66E+08 0.85% 1.21% 2.33% 4.50%

[ aoor | woms | oo | ooms |
RSE 99.36% 11.37% 6.06% 3.48%
47
TestAmerica Method 300

THE LEADER IN ENVIRONMENTAL TESTING

* In every case, the unforced, unweighted linear regression
introduced error of over 200% for the low point of the
curve.

« Despite this, in every case the correlation coefficient for the
unweighted unforced curve is better than 0.999I

»  The unweighted forced curve gives lower error

« Unforced weighted curves (1/Concentration or
1/Concentration?) give the lowest error across the range of
the calibration

* The RSE does a good job of identifying which curves are
acceptable for environmental analysis.

48
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TestAmerica Summary

= The correlation coefficient and coefficient of
determination are inadequate as QC measures
for calibrations curves for environmental analysis

« Relative Standard Error is one good measure
that could be used and assesses relative error
across the curve

« Unweighted regressions are almost always bad —
a good QC measure would indicate this

49

TestAmerica

Laestions!

richard.burrows(@testamericainc.com
303-736-0100

50
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Higher Accuracy Analysis by Direct Mathematical
Determination without a Traditional Calibration Curve

H. M. #*Skip™ Kingstnul, Mizanur Rahmﬂul, John Keru:, Timothy Fnhrenhozl: Matt

Pamuku], Laura RE}'esl, Greg Zinul, Panxi Zhaﬂl, Gonzalo Z\Iunchegul, Scott Faber® , and

Jingyan Sun’

1['Jv;"pzu.ttmt'nt of Chemustry and Biochemustry, and Center for Environmental Research and
Education, Duquesne University

EDepa.ttment of Mathematics and Computer Science

“Children’s Institute

ABSTRACT

The critical role of “measurement” was defined in the 1800s by Lord Kelvin: "If you can measure
what you speak of and can express it by a number, you know something about your subject; but if
you cannot measure it, your knowledge 15 meager and unsatisfactory..." How are methods and
instruments integrated into useful higher-utilitarian and reliable systems that are able to produce
legally defensible environmental forensic measurements? Integration of methods and instruments
frequently begins in sample preparation which is always the kev to achieve accuracy and precision.
Effective new tools, must have reliable automation steps, as well as methods that viquely integrated
mto the system for mnstrumental implementation.

Quantitative elemental and molecular speciation of dynamic and reactive chemical species are
relatively difficult and new class of metrology. It 1s one of the most difficult fields in analytical
measurement_ challenging both methods and instrumentation. A new fundamental approach to
sample preparation and method mtegration amming for higher degrees of automation, as well as
quantitative and qualitative measurement 1s being mvestigated for its benefits and advantages.

Among the roadblocks that inhibit progress are lack of much needed new. accurate standard
reference materials and diagnostic tools. Some elemental and molecular species undergo conversion
and form other species or the species of interest degrade to other species during sampling, storage,
calibration and the measurement processes. Traditional calibration 1s impossible mn many of these
cases.

Until recently, there have been no effective diagnostic tools to trace the fate of dynamically unstable
species, the effectiveness of methods and accuracy of measurements. The ability to measure the
transformation of the species 1s critical in the preparation and certification of standard reference
materials and for accurate speciated analysis. Countries, such as China, Korea and twenty-five
members of the European Community have reached conclusions and now strongly support enriched
stable 1sotopically-traceable solutions and 1dentify them specifically.

A newly updated and revised EPA RCEA Method (designated as 6800) known as Speciated [sotope

Dilution Mass Spectrometry (SIDMS, and several variations on this name) provides mternationally
legally defensible accuracy in new automated measurement methods. SIDMS has also been used
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recently as a diagnostic tool for validation of the speciated protocols for three species, measurad
simultaneocusly while nine imnterconversions are talang place. The updated EPA Method 6800 also
includes other species and applications in tissues, food, environmental toxicology, clinical and
mstrumentation automation for homeland defense. Fundamentals of sample preparation and

mtegration of SIDMS as Method 6800 1n the fields of environmental toxicology, medicine and
nutrition will be discussed and examples presented.
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High Accuracy Analysis by Direct
Mathematical Determination without a

Traditional Calibration Curve
H. M. Skip Kingston,

Research Group - Mizanur Rahman, Laura Reyes, Timothy Fahrenholz, Matt
Pamuku®, John Kern, Scott Faber (MD)*, Panxi Zhao, Greg Zin, Bryan
Seybert, Dengwei Huo

Duquesne University, Pittsburgh PA
AApplied Isotope Technologies
*Children’s Institute, Pittsburgh PA
NEMC — August 2007

Environmental Forensics

Autism, Brain, EM o lplq ; r::
~Environment |0 dre
stirs public outery

Accuracy and Precision in Instrumental Analysis

Accuracy and Precision depends on the calibration protocol
Internal standardization
Standard addition
Matrix matching

Isotope dilution (a type of internal standard that is an enhanced
isotope of the same element being measured)

Determinative speciated isotope dilution

Errors = both fixed and random = can be introduced through the
use of different calibration techniques

The measured accuracy of the unknown analyte can only be worse
(greater) than the uncertainty in the calibration

Copyright, Skip Kingston, afl rights reserved
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Sources of Errors in Mass Spectrometric Analysis

«Stability of analyte in solution

= Accuracy in sample preparation Calibration Curve

= Purity of calbration standards

* Choice of intema standard (HOt a definitive meﬂ“)d}

* Improper instrumental setup ——pd * More instrument time
» Total dissolved solids

= Non-spectral interferences
« Matrix matching * More reagents and chemicals

» More analyst time

* Standard addition » More overall expense
« Sam ple introduction

* Chromatographic separation
* Instrument drift with time

= Nebulization efficiency

* Droplet size

* Physical properties of solution (d efinitive method}

= Acld content In the solution

= Analyst's lack of knowledge/training * Less instrument time

» Background correction * Less analyst time

Isotope Dilution

+Mass blas — 31 * Less reagents and che micals
= Dead time

* Less overall e xpense
= Interferences-lsobaric & polyatomic

Copyright, Skip Kingston, all rights reserved

Calibration Curve Vs Accuracy in Result:
Calibration is Conditional Accuracy

Accurate results using calibration curve are obtained if the
followings assumptions are true:

CALIBRATION IS ACCURATE IF:

- standard and the sample have identical matrices (or act if they do)

- calibration is linear

i.e., the standard and the sample analyte gives response which follows the straight line
equation in the sample matrix

- the analyst prepared the calibration standards accurately

- the stability of the standards is maintained

and they are only used within these defined stability limits of time,
matrix, concentration, temperature/humidity, and container material

- there are no spectral/mass interferences

- the sample prepared for the analysis involves no positive or
negative contamination or sample preparation error

- the internal standard behaves identically the same as the analyte

Copyright, Skip Kingston, afl rights reserved
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Matrix Matching in Spectrometry Analysis

Matrices of the standard and the samples should be identical

Match the acid content, type and concentration in calibration
standard and sample

Match the elemental matrix component of calibration standard
and sample

The matrix influence
Nebulization efficiency

Droplet size, which is influenced by the physical properties of
solution (surface tension, viscosity and density)

Effect of acid matrix upon nebulization (5-10% v/v will cause a
decrease in efficiency of 10-35%)

Plasma temperature, which is related to signal intensity
lonization potential

Copyright, Skip Kingston, all rights reserved

Calibration and quantification in MS
(example ICP-MS' or GC/MS or LC-MS

*Calibration curve is a relationship between the analytical signal (response) and the
concentration of analyte.

*Response function can be linear, but non-linear models, are also observed.

*The response function is obtained using calibration standards (CSs) prepared in
absence or presence of matrix sample and relating the response and the concentration.

1. External calibration?

80 = 52357y 4 0.6286 The regression analysis of thg analytic;l signal

w0 o (Y) on the analyte concentrations (Z) yields the
g 60 ® calibration curve for the predicted responses
g 50 4 (Y). The linear model predict responses
& a0 | | according to Equation (1):
E e | 2
£ Y=a+bz (1)
B
£ 1w 4 &

; P! Where:

0 02 04 08 08 1 12 14 a is the intercept and b the slope, with
Concentration /mg L' standard deviations sa and sb, respectively.

'Gonzalez A G, Herrador M. A, Trends in Analytical Chemistry, 2007, 26 (3), 227-238.
*Preparation of calibration curves, a guide to best practices. LGC, September 2003
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alibration and quantification in MS & other

2. Internal standard’
™8r

o as 1 14 H E ]
Br concontration .. /Br concentration

3. Standard addition?
230

20

30

Analyser fesposse dau.

A5 10 4.5 oo as 1o 1o 108
Mazs fraction of added analyic in total soluton | a.u.

1Gonzalez-Gago A elal J Ana. Al Spectrom.. 2007, DOI: 1010330 7050351
2Brown R J.C, etal, Anal. Chimica Acla, 2007, 587(21).158-163

External calibration

The ICP-MS produces results with a maximum precision (i.e., complex matrices)
in the range of 5 to 10%. The main problems associated with external
calibrations are:

1) Dynamic range: Typically in the commercially available ICP-MS instruments,
the linear dynamic range, the range over which the response of the instrument is
linear with respect to analyte concentration, is greater than six orders of
magnitude. As such, the curve fitted to the standard data should be linear. The
slope of the line defined by the standards is proportional to the concentration in
the standards. The unknown sample is run and its signal intensity is plotted
against the curve to determine the concentration.

2) Matrix effects: The role that matrix plays is complex and varied, and can lead
to dramatically diminished accuracy. Complex matrices generally result in a
suppression of the analyte, although enhancements have been observed.

3) Drift: It can have a dramatic effect on all analyses performed using ICP-MS.
Drift arises when an instrument response changes with time.
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Matrix effects ( Observation and mechanisms)

High dissolved solids

o Blockage of the entrance aperture of the sampling cone

O The deposition of salts leads to a decrease in the
aperture diameter, so that the sensitivity worsens and the
signals gradually decrease as a function of time.

@] lonization enhancements
O lonization suppression

Suppression and enhancement effects

lonization suppression:

M=M*"+e
Introduction of an easily ionized element contributes
strongly to the electron density in the plasma and therefore
shifts the ionization equilibrium so that the analyte elements
are jonized to a lesser extent.

Space charge effects:

Lighter analyte ions can be expected to suffer more from
this effect than heavier ones, and are thus preferentially lost
from the transmitted ion beam.
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Methods to correct for or overcome matrix effects

' Dilution
EEasy
m Detection limits sacrificed

~ Matrix matching

When the analyzed matrix is also added to the standards,
correction for matrix effects is possible. This method can only
be applicable for simple matrices, e.g. metals, but is clearly not
applicable for complex matrices of varying composition.

The Determination of Mercury in Microwave Digests of
Foodstuffs by ICP- MS'

h Use of thallium (12 ng/g) as internal standard

~"r Aquacheck 217 mdepandant OC standaid
H recovery 16X BN (n=10.KE=12)

L] 1008 pio ] 000 0o 530
H ancentration 3/
Figure 2 Calibrations over 36 hr of continuous operation

000 |

Dwtmrmanazion numbm

Figure 3 NIST 1547 peach leaves (lower trace) and LGC 7160
crah paste (top trace) analyzed 14 times over a period of one month
Each point represents a separate digest. LGC 7160 certified value
: 0,006 = £0.108 mg/kg, NIST 1547 certified value 0.031 = £0.007
Entwisle J., American laboratory, March 2007, 11-14 0.096 = 20.108 mg/kg; NIST 1347 certified value 0.031 = +0.007
m;_:"\q;. The dotred lines are established in-howse accepance lirnits.
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Standard addition

©It is used when the matrix is quite variable and/or when an internal
standard that corrects for plasma related effects couldn't be found.

2 It offers the best possible solution to matrix interference through

plasma related effects.

© It is a safe method for samples of unknown composition and thus

unknown matrix effect.
) However, it is a time consuming approach.

The following considerations may prove useful in performing the

technique of standard additions:

B The technique of standard additions requires a linear response (It is
therefore important to work within the linear working range for each

analyte).

B Many analysts prefer to make more than one spiked level.

Standard addition: Application to the
determination of chromium in blood samples

+ Except at very low concentrations, when standard additions are used, the bias and the

reproducibility are less than 20%.

The method is sufficiently precise to enable quantitative determination of chromium, evenin a

complex matrix such as whole blood.

e
2500 e
e
y=4344 x + 46 [

—. 2000 -
§ ,f" y=4271 x + 81
E 1500 4
B /r
i o
= 1000 4

500

y=4358 x + 43
o T - r T T T
0.0 L 1] 02 03 04 05 08 07

Chromium concentration (pg/L)

Bonnefoy C., et al, Anal Bioanal Chem, 2005, 383: 167-173
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Fig. 3 Comparison of the
slopes for the three levels of
Seronorm QC samples mixed
two by two (squares with solid

- line) and for the standard

additions (circles with broken
line), as a function of chromium
concentration. The two linear
regression equations are given,
along with the equation
corresponding to a single
straight line
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Comparison between hydride generation and nebulization for sample
introduction in the determination of lead in plants and water samples by
inductively coupled plasma mass spectrometry, using external calibration
and isotope dilution?

“Tahle 3

A ytical resuls for marix CRMs and spiked high-sab solunons (recoveries' 8% in parembeses)

Mazrial Cenified Unceralngy/jig g~ '**  Found Neb Found HG Fouxl Neb+ [ Found HG+ D
concentrationiig g~ " (R (R (R %l (R%)°

SRM 1572 133 24 1LA20OR (87« 6) 130401 (98¢ 1) 133005 (W I+04) 135407 (101 EL0K)

GBW 08501 9o 108 (58 £003 (5913} NAd 09216 (W16 D98 10,19 (99 £19)

BCR 6 63,8 1.2 43419 (683 4501015 (72418) 6441901001 £3) 66332 (104 £5

NIST 1643 19.6* 0.2 177413 (03264 255002 (130120.1) 19.4:0.6 (99:3) 10.7+0.02 (1003 £0.8)

Sea water na’ LOD na” 0,17 +0.08

Sea water na’ #0466 (89466) na.” 19414 (=14

20 miv NaCl na 4. 1t06 (41267 na* 1022004 (1022 £0.4)"

* For aqueous samplesjg
" 95% sunstical confide
2 50, hased
! Not aceeptable; too hig

Mervals.
sample digests, sach measured 5 times.
alue caused by difference in pH of sample ond standards, see Section 3.3

Panayot K., et al, Spectrochim. Acta Part B (2006) 61: 50 - 57

Internal Standard

v ldeally, internal standards should be non-interfered and
mono-isotopic species. Commonly used internal standards
include ?Be, 5S¢, 89Y, 103Rh, 1"5In and 2°*Bi.

v In solution ICP-MS the internal standard element chosen
should not be present in the samples and should be added
to all blanks, standards and samples in equal
concentrations (typically ~ 10 ppb).

v In order to effectively correct for temporal variations in
signal intensity (largely dependent on variations in the
physical behavior of the analytes in the plasma), the
physical properties of the internal standards must be
carefully matched to those of the isotopes they are applied
to (i.e. internal standards should have similar mass and
ionisation efficiency as the elements they are applied to).

v Allows correction for systematic variations of the analytical
signal in samples and standards due to matrix effects.
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Minimizing interferences in the quantitative multielement analysis
of trace elements in biological fluids by ICP-MS using internal

standard?

<4 A

0 2 4

1 2.0E+05

T+ | 1.5E+05

l 1.0E+05
B »|

|

] 8 10

5.0E+04

0.0E+00

NaCl! concentration (g/L}

Signal for "*Ge:

{arbitrary units]

Fig. 1. Effectiveness of an internal calibrator to comect for signal
suppression caused by various NaCl concentrations: A, signal ratio for
the analyte "*Ge to the internal calibrator "*Ga and B8, signal for the

analyte "3Ga,

<A

B ————-——-‘ 2.E+04

Se

{ LE+04

=

{arbitrary wnits]

Signal for

8 ". 5.E+03

+ 0.E+00
L] B 10

NaCl concentration (g/L)

FRg. 2. Effectiveness of an internal calibrator to comect for signal
suppression caused by various NaCl concentrations: A, signal ratio for
the analyte *¥Se to the intemal calibrator "2Ga and B, signal for the

analyte 535e

'Hsiung Chiung-Sheng, et al, Clin. Chem., 1997, 43 (12): 2303-2311.

Primer and reference on Calibration Curve Best Practices

Preparation of
Calibration Curves

A Guide to Dest Practice

et
A A b L

’

rel -
- -
= ./ a4 - -
-

e r = v
| 5 .8 . .

,
:I/ =
e = = =
1 1 4 L ] : 1 & 1

) Man-linearity
Tr=n080 ~t

) Poos anparumental design

d) An outlier causing leverage

Figure ¥ Interpreting the correlation coetficent
Reference:- “Preparation of Calibration Curves: A guide to Best Practice,” September 2003,
LGC/VAMI/2003/032, LGC, Vicki Barwick
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I requires that there is a straight line to have an r

0.8
0.5

0.4

0.2 x\‘—x

0 T T T T T T d
10 20 30 40 50 &0 70

No. of points (x, )

Figure 10: Statistically significant values of r(shaded area) at the 95% confidence level

The patameters related to r are # and adjusted »*. # is often used to describe the fiaction of
the toral variance in the data which is contributed by the line that has been fined. Ideally, if
there 1s a good linear relation, the majorty of vanability can be accounted for by the fitted
line. + should therefore be close to 1.

Reference:- “Preparation of Calibration Curves: A guide to Best Practice,” September 2003,
LGC/VAMI2003/032, LGC, Vicki Barwick

W & oM =~ @

"

Instrument response

0 2 4 G =]

Concentration /mg L’

Q

Figure 12: 95% confidence interval for the line

347




NEMC 2007 Proceedings - Cambridge, MA

References

1. g:d.*récﬁué%% Coupled Plasma Mass Spectromelry, Mantaser, A., Ed.; Wiley-VCH: New
o

2. Plasma Source Mass Spectrometry - Developments and ADQQ_ ications, Holland, G.,
Tanner, S. D., Eds.; The Royal Society of Chemistry: Cambridge, U K., 1997.

3. Taylor, H. E. /nductively Coupled Plasma Mass-Spectrometry. Practices and
Technigues, Academic Press: New York, 2001.

Gonzalez A.G., Herrador M. A., Trends in Analytical Chemistry, 2007, 26 (3), 227-238.

Preparation of calibration curves, a guide to best practices. LGC, September 2003.

Gonzalez-Gago A, et al, J. Anal. At. Spectrom., 2007, DOI: 10.1039/b705035f

Brown R. J.C., etal, Anal. Chimica Acta, 2007, 587(21): 158-163

PanayotK., et al, Spectrochim. Acla Part B, 2006 61: 50 - 57.

Hsiung Chiung-Sheng, et al, Clin. Chem., 1997, 43 (12): 2303-2311.

10 Ent\mskeJ Am&rmn laboratory, March 200? 11-14

© 00N &b

12 Rottmann L and Heuman K G
Fresenius J_Anal_Cherm., 1994, 350: 221-227.

13. Vlckl Barwlck Preparation of Calibration Curves: A guide to Best Practice,
,LGC, September 2003.

Relative vs. Primary Methods

Isotope Dilution Mass Spectrometry — IDMS

Speciated Isotope Dilution Mass Spectrometry — SIDMS
EPA Method 6800
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Isotope Dilution Analysis

A primary analytical method for the
determination of trace metals in a variety
of sample types.

ID-ICP-MS is of particular interest to the

DRAFT TECHNICAL
COMMITTEE REFORT

PROPOSED ISO/TC 102/ TCR 12

Date Reference number

2091 ~1=43 ISOITC 102

Supersedes document

N 587E

WARNING: This document is not an International Standard. |t 15 distnbuted for review and comment It is subject o change
without natice and may not be referred to as an Intemmational Standard

—m\— DRAFT TECHNICAL

Iso COMMITTEE REPORT

_\@/_

PROPOSED ISO/TC 102/ TCR 12

Date Reference number
20075123 ISOITC 102
Supersedes document

N 587E

WARNING: This document is not an International Standard. It is distributed for review and comment. It is subject to change
without notice and may not be referred to as an International Standard.

..“Methods presented in the literature as potentially capable of being
classified as primary are gravimetry, titrimetry, coulometry, and isotope-
dilution mass spectrometry (IDMS).” ...

“...Primary Method of measurement is a method having the highest
metrological qualities, whose operation is completely described and
understood, for which a complete uncertainty statement can be written
down in terms of Sl units, and whose results are, therefore, accepted
without reference to a standard of the quantity being measured.” ...
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Isotope Dilution Analysis

HElements that are monoisotopic
Be, %Na, 2?’Al, 45Sc, 5°Mn, 7°As,
89Y, 103Rh, 127|, 133CS, 141PI’, 159Tb,
165H0, 1"'9Tm, 197Au, and 232Th

mRadiogenic U, Pb

Isotopes
Amenable to IDM
SIDMS
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These are the fixed “isotopic
abundances” in our solar system. They
do not change in chemical reactions.

“God's Constants”

definitive method

A method of exceptional scientific status which is sufficiently accurate
to stand alone in the determination of a given property for the
certification of a reference material. Such a method must have a firm
theoretical foundation so that systematic error is negligible relative
to the intended use. Analyte masses (amounts) or concentrations
must be measured directly in terms of the base units of
measurements, or indirectly related through sound theoretical
equations. Definitive methods, together with certified reference
materials, are primary means for transferring accuracy, i.e.
establishing traceability.

1995, 67, 1701
IUPAC Compendium of Chemical Terminology 2nd Edition (1997)
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INTERNATIONAL UNION OF PURE
AND APPLIED CHEMISTRY

IUPAC/SO 1997

INORGANIC CHEMISTRY DIVISION
COMMISSION ON ATOMIC WEIGHTS AND ISOTOPIC ABUNDANCES®

TABLE 1. Isotopic compositions of the elements as determined by mass spectrometry

Best
Range of Measurement Available Representaive
Natural from a Single Reference Isotopic
Atomie Mass  Variations  Anuot- Terrestrial Source Reference  Materials? Composition
Number Symbol  Number (Atom %) ations (Atom o) (App. A) (App. B) (Atomn %)
1 2 3 4 5 6 7 8 9
80 Hg 196 0.15344(19) 1s N  B9ZADI 0.15(1)
o 198 9.968 (13) 9.97(20)
192 16873 (17) 16,87 (22)
200 23.096 (26) 23.10(19)
201 13.181 (13) 13.18(9)
202 22,863 (33) 29.86 (26)
204 6.865 (7) 687 (15)
o
24 Cr 50 4.3452(85)2sC  GGSHII1  NIST-SRM979* 4.345(13)
52 83,7895 (117) B3.789 (18)
53 9.5006 (L10) 9.501 (17)
54 2.3647 (48) 2.365(T)

Sources of Errors in Mass Spectrometric Analysis

*Stability of analyte in solution
= Accuracy in sample preparation Calibration Curve
* Purity of calibration standards
= Choice of intema standard

* Improper instrumental setup - « More instrument time
* Total dissolved sofids

= Non-spectra interferences
* Matrix matching

= Standard addition - More overall expense
+ Sam ple introduction

« Chromatographic separation
* Instrument drift with time

* Nebulization efficiency

(not a definitive method)

* More analyst time
» More reagents and chemicals

* Droplet size Isotope Dilution

« Physical properties of solution (definitive method)
= Acid content In the solution

= Analyst's lack of knowledge/training

» Background correction * Less analyst time

* Less instrument time

* Mass bias — 3] - Less reagents and chemicals

= Daead time
* Less overall e xpe nse
= Interferences-Isobaric & polyatomic

Copyright, Skip Kingston, afl rights reserved
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Sources of Errors in Mass Spectrometric Analysis

pCy In sample preparation Calibration Curve
of calbration standards

* More instrument time
» Total dissolved solids
= Non-spectral interferences
« Matrix matching * More reagents and chemicals

» More analyst time

* Standard addition » More overall expense
« Sam ple introduction

* Chromatographic separation
* Instrument drift with time

= Nebulization efficiency

* Droplet size

* Physical properties of solution (d efinitive method}

= Acld content In the solution

* Analyst's lack of knowledge/training * Less instrument time

Background-correction * Less analyst time

Isotope Dilution

* Less reagents and che micals

* Less overall e xpense
Rpes-Isobaric & polyatomic

Copyright, Skip Kingston, all rights reserved

Sources of Errors in Mass Spectrometric Analysis

*Stability of analyte in solution

= Accuracy in sample preparation

* Purity of calibration standards

= Choice of intema standard

= Improper instrumental setup

* Total dissolved sofids

= Non-spectra interferences

* Matrix matching

= Standard addition

*Samgle inrecucton Cdlibration and Accuracy Effected
« Chromatographic separation

* Instrument drift with time

* Nebulization efficiency

* Droplet size

* Physical properties of solution

= Acid content In the solution

= Analyst's lack of knowledge/training
* Background correction

* Mass bias
* Do tine IDDMS error bias contribution known

= Interferences-Isobaric & polyatomic

Copyright, Skip Kingston, afl rights reserved
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Primary Definitive Methods in Mass Spectrometry

IDMS - definitive method
* Total element measurement
» Calibration curvedess accuracy
* Legally defensible
Isotope Dilution
(definitive method)

* Less instrument time
SIDMS - definitive method

+ Simultaneous species
measurement (one, two or three)

* Less analyst time

* Less reagents and chemicals
* Less overall expense * Interconversions are calculated
mathe matically

« Calibration curve-less accuracy

« Calculated corrections are
legally-defensible

Copyright, Skip Kingston, all rights reserved

Quantification Method

(Simplest example is a one IDMS determination)
Isotope Dilution Mass Spectrometry (IDMS)
(Example of how it works)

"Natural" Mercury Sample "Enriched" Mercury Spike
i
3w
£ 15 f ® 40
3w | g
£ 1 ¥
199 2 199 0
mz miz
199Hg & 202Hg occur Isotopically-enriched
naturally in a 16.87:29.86 solutions are commercially
abundance ratio. available (e.g. 91.95:0.73).
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‘ Quantification Method

Using IDMS

A sample of mercury of unknown concentration is ‘spiked’ with a
known concentration and known amount of isotopically enriched
mercury standard, and analyzed by ICP-MS

Amount of lsctope

Mass Spectrum

miz

| —=——Confributions to

signals from the
spike

==

Contributions to
signals from the
sample

‘ Quantification Method

Using IDMS
Ratio ( Isotope A | _ [ Amount of A from SAMPLE + Amount of A from SPIKE |
t Isotope B ] | Amount of B from SAMPLE + Amount of B from SPIKE )
Mass Spectrum
@ —+———_ Contributions to
40 7
. ‘_/——/’7:‘:'# signals from the
5 20 e spike
£ 0l / I "“H‘._:
g 0 N Contributions to
v <2 signals from the
miz
sample
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’IDMS Calculation & Formula

cntd

Ratio (Isotope A) - (Amount of A from Sample + Amount of A from SplkE)

Isotope B ( Amount of B from Sample + aAmount of B from Spike )
So...
Ratio — ( AS CS VS + ASP CSH vS‘? )
fB,¢c.V, + B,C,V,)
Known?
Where: s
A, = Fraction of isotope Ain sample (natural) e
Mass Spectrum W
B, = Fraction ofisotope B in sample (natural)
E‘:E Asp = Fraction of isctope Ain spike (altered) v’
2
5 20 B,, = Fraction ofisotope B in spike (altered) v’
-4
g 10 C = Concentration of element in sample X
B s
< 0
189 202 Csn = Concenfration of element in spike v~
e V, = Volume ofthe sample v’
Vi, = Volume of the spike v

Solve for C ., (the concentration of the element in the sampie) ...

‘IDMS Quantitation of Cu

Mass Spectrum il Dmrd
& 40
gar = Ratio = (As Ca Vs + Agg Ca‘.r: Vsn)
' =R T
5o H (Bs Cs vs * Bsp Csp Vsp)
£ Kz '
192 e
mix
Rearrange the equation to solve for C,
Known & Measured Values "
e c = ¢ ( Voo JAs—RatioxB,,)
The isotope ratio in the enriched spike standard, & sp V_ (Rat:‘o B A )
g ®x D,— Ag
=0.73 : 91.95 (**°Hg:**Hg) (A,, & B,,) N a =
The concentration of the spike standard solution,
=4.95 pa/g (C.;)
The relative masses of the spike and sample C.= 495x0.10x (Ow 2
=0.10 (spike / sample) (Vg | Vil C. = 423 poio (-R20 % SR8
Measured Isotope Ratio = =
=0.9256 (*¥¥Hg / **Hg) (Ratio)
MNatural Isotope Ratio So ... Element Congc,
= 16.87 : 20.86 (}"Hg : *2Hg) (A, & B,)
Hag 4.23 ppm
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oft Excel - equilibration fime J,Wm—guﬂ
@j&mmmw:x@mumwmmm Type a queston for help « o & X
QI KB A Z o« @i o B 7 U EEE % ) 83 Hr&-A- B

ol ﬂﬂ P | = | Reply with Changes... End Rev !
Dommnomm e F ) - & ‘a £ i -
TREE G S PR Rwr -2 i e EC L P A BEE SAR
H30 - =
S e e e e e ] [} T H o i T ™
Tl I0MS Calculalions for HHO3 effect wilh respect to Time a2
2
| 3] lsclope Hatural Spike Hg133 Adornic Masgs Frilidzm
4 o (3 a0z 85,9651 0 564365653
51 39075 w3 Y 4
(6] m3 BaTx 91953 19896625
7] ] 2305 4325 15356830
8| 13w [ 20370277
5 202 20065 073% 2m.970612
W] 5E7% L A2ITHET
il 100 005 00025
2] M s
n 2005391292 308098
]
LB
% licrowave assisted Extraction Method by Mizan)
_1?_3|mni|nl laSpike wt[alSpike Conc. [ugfal Corr Aatio Cx [mmledg) 3ampde conc. (uola % Recovery  Mean [uolg] Stdew  #Rsd = 55900
H Ws Cspike Rm 9%202 Czample
| |c29.3 1081 B 4310968 17H0003T | 0.033262263  BETZEEE WE7S8I022  FE236IS023 O.03MEE 050603 0053561
20| un 1082 B 4318965 1IB07E334T | 0.03309026 BEITETTIEE 106 2060438
21 10293 aoex2 % 4518968 1A 032 7S BEEE49365 106 B503356 Mean [uglhg] Stdew HAsd 2000
(2] e ane * 41 TIB4EIE | DLIIZHERASY BRI W6 4SS DGOV 053RS | OR0B0H 0855971
3
|24 Sample wi [gSpite wi g)Spike Conc. juglg) Core Aatie Cx (mmoldlg) lample conc. (uplg % Recovery  Mean (uglg) Stdev  %Asd | 85000
S Wi Ws Cepike Aim 19202 Csample
E 10025 % 45109604 TIBTE0: | OL03ZSEIG04 53624301 W4T0E0  GOGIM00T Q124574 100083 0190073
(27| 18 10825 B 4518565 1IEES3253 | 003374956 £ T701RES 108 3221224
&6 105 10835 6 A51805E 1I7ENZE4E | 0.023212626 BES2M0E3 1065334621 Moan [uglg] Stdew ¥Rad 95XO
(28 [¥7 [1024s 1085 4515555 1HTAEZE | 0032365378 GASEATESE MO SA3EET  WROEOIT 19975 136083 1989T
30 ~
5 &d
4 4 v W RawData { Processed Data / deadtme / Deadtme comectedrato / MBCc|@ | I B
: -, - : PR ——— ¥
iDwr by |mtostaps N 2 OO AGEE S-Z-A-S=5@dg
Ready

n

Calibration and IDMS 6800 Analysis of Human Urine

ICP-MS ICP-MS
Element (External Calibration) (IDMS)
(PPb) (ppb)

Cr 1278+22 1244+ 5.1
Ni 16.7+ 0.9 156+1.5
Cu 57.36 £ 0.6 43125
Zn 3423134 349.316.9
Cd 36+03 39+04
Sn 2001 19104
Ba 244102 25%02
Hg 4286+ 30.8 4408+ 355
Pb 75+04 8707

Uncertainties are at 95% Cl,n =4
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Mercury Isotopic Calculation Keyed Software

Eu"uu: :.Fl'ir“ul.;nflf—"'ﬁd__, ﬁdal
‘=] e ﬁlHMWWWHWMWFW e ton for help = 80X
i el RO E xR [%0% -_g u-araul!l.% P'.ii-'slﬁ",ad'.ﬂ. E
o et Bt W 0~ O || <) ﬁ.‘l cply 78 Ehanges .. B Revew..

D e E L | A TP AR eI .;a;
[ :1 B J.—.'i.-.u _E PR 6 [ A [ 1 [ 7 [ k[

s Haurst IDM35, IDMS or SIDM5 Prediction Worksheet

|2 | Mareury (Hg2+)

i |

i sotope  Maturol Spike Hg199 Atormic Mass 1997202
4 190 0.15% 0 0% 155 98581 0 55497
|8 198 06T%  163% 167 96674
[&] 199 16.87%  ©196% 198.95625
(i ] 200 23 10% 4 97% 199 98830
|8 I 1% 06% 200970277
s W7 90%  O7F% 201.970612
10 04 6.87% L RAL 200.273487
[11] 100.00% 100 02%
12 Mx M
[33] 2005991 129081
a8 —
[45] Cetd (ngig) 10
18 Wix (g) 1
17 Wz g} LG
8 Rt 1
19
20 C3 (pmelaig) 0.050708
#
|22| Copiee (ug/g) | 10.00456 G
Hah |/ Boren J Chremum / Coper / Lead s Mercury / kel / Magnesum /Tn, [CH = il - wit) 5]
oo b [Amsepst N W OO MG A Ed-L-A-S=S@ag
T Rasdy [
1 s0rope
ID Tuhnolmj\l :
’ Methylmercury concentration in CRM-464 after microwave
extraction with CH;COOH.
" 512 +0.16
36% (Certified value)
. 2000
Species
Conversion 8000
' 7000
SIDMS
Fog 6000 1 Values
@
é 5000 | 6800 protocol
‘s 4000 External 512£0.19
> " .
£ calibration
& 3000 1 329%0.14
2000
1000
o 4 ¢ ' i +
3 36 4 4.5 5 55
CH;Hg', ma/kg
Applied [
a SOLope
'D TLL]‘[lL‘Jl‘!:\l v
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Chromium Isotoplc Calculation Keyed Software

= st . - B1X]
.ﬂtg;atmymwtlnmmmmpmmm 1 i P w8 %
P el ()% KA~ - - E -] oo g W -BZUEER% '&3 O-a-A- B
| 3 I.& i ._4 " =
IR R R ﬂ-g i Al T AR AP |- 1 va ] |
Gl - ~
& B[ € E | F & | H | ] K L [E -
|1 R.nru DM S, 1IDMAS or SQDMSDrudltﬂm Workshest | =
L2 cn aemium
_'l_l Rn 5352
4 | 0113392
[5]
5|
| 7|
el
5| 100 000%  100.000%
lﬂ Mx s
| " 51.8661346 752 9204505
[ Cuid fugig) | 1
Wi | o
Ws | 0 08
RmEYE2 1
G= [mmaleig) 0 1802148 [ 1
Cspike | 95448685
[« v w0 Boron 'y Chromium / Coper / Lead / Mercury / Nicksd [/ Magresiom J/ Tn |3 STl
iDpwe g |Auoshapes N\ W OO 45 Gl A-LrAS=ZT A A
1 oy O 'l|‘1
¥ AN
|D Technology

2007 Update Method EPA 6800 (SIDMS)

Species Analyses including Chemical Marker and Biomarkers

Excerpt from Item-1.5:

“Aqueous samples such as drinking water, ground
water, and other aqueous samples may be directly
spiked and analyzed. Solid samples such as
soils, sludges, sediments, industrial
materials, biological tissues, botanicals,
lysed cells, foods, mixed samples, blood, and
urine and other samples containing solid
matrices require spiking before or after
extraction or digestion prior to analysis to
solubilize and equilibrate the species prior
to introduction to the mass spectrometer.
The Method 6800/IDMS/SIDMS has also been used
to certify reference materials and for
environmental forensic analysis such as
water, soil, air and other samples for
detecting chemical and biological agents for
homeland defense and homeland security

urposes.

2007 Promulgation method update

opyright, Skip Kingston, all rights reserves

By

Plesasgpearggraney
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Characterization of waste — State of the art document —
specification in solid matrices
- PD CEN/TR 14589:2003 - Independent Review

“SIDMS (EPA Method 6800) is the first method to evaluate species
conversion and to correct mathematically for them (using additional
degrees of freedom). This is a fundamentally different approach and its
accuracy, value and reliability was demonstrated [19, 20, 27-33].”

4.3.2 Application of SIDMS for Cr(V1) determination on solid matrices

Theoretically, IDMS method is applicable to elements with more than one stable
isotope. USEPA SW-846 Method 6800 lists the elements of interest, namely: Sb,
B, Ba, Cd, Ca, Cr, Cu, Fe, Pb, Mg, Hg, Mo, Ni, K, Se, Ag, Sr, Tl, V and Zn. Other
elements with multiple isotopes may also be analysed by means this method. For
an extensive review on the derivation of the SIDMS calculations we refer to the

USEPA SW-846 Method 6800 [31] (see Annex D)

Characterization of waste — State of the art document
—specification in solid matrices
- PD CEN/TR 14589:2003 - Independent Review

5 Final conclusions

Currently, the reliability of speciated data measurements is discredited in the
courts. There has not been a diagnostic method previously to provide
quality assurance for speciated measurements of such elements as Cr(VI)
and other transformable and highly reactive species. The proposed
method of speciation isotope dilution, SIDMS, permits the monitoring of
species shifts that have occurred during analysis and also during other
portions of sample handling if they are included in the method protocol.
This could provide both a measurement technique and a diagnostic tool to
validate or calibrate other speciation measurements methods for a variety
of different species.

EU Members Signing: Austria, Belgium, Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, ltaly, Luxembourg, Malta, Netherlands,
Norway, Portugal, Slovakia, Spain, Sweden, Switzerland and United Kingdom
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First SIDMS Speciated Standard underdevelopment -
NIST, NJDEP, EPA, DU, AIT, Others

Conversion from original SRM and diluted SRM, 2007 National Validation
15t SRM that may have to be analyzed only by a single method.
Only EPA 6800 obtains the correct value on the dynamic species

10

B

[

Persentage converdon from Coll w Ce(Vl)

Replicate 5-59  Replicate 3127 Replicate 9-126  Diluted sample

n=3. Uncertmnties are reparted at 95% CL.

“Application of Double Spike Isotope Dilution for the Accurate
Determination of Cr(lll), Cr(VI1) and Total Cr in Yeast”(EPA6800, SIDMS)

Dhauhie Spike bssang, the Arcnrsie

% of Crin Yeast is Cr(VI), Yeast to be placed in medicin Determinaten of ORI, Cr(VT) aad Tots o bn Vouns
Cr(lll) transformed to Cr(VI) during measurement and
Cr(V1) transformed to Cr(lll) during measurement

“and EPA method 6800 was able to sort it all out”

Table 2. Results for Speciation of Cr in Yeast

Sample O MCr(VI) Measured Measured Ol MCHVI Measured Measured

added, added, Crlll), mgkg CrVI), Recovery, %  Recovery, ® Crlll+CnrVI) Total Cr,
mgkg mg'kg (n=3) mglkg (n=3) (n=3) mgkg (n=3) mgkg
(n=3) (n=4)
Yeast 0 0 19524103 Thds NA NA 2028157 2014x16
Spiked Yeast 1784 2398 37409443 2466240 101£2 1002 NA NA

Ref: Lu Yang, Zoltan Mester and Ralph E. SturgeonmApplication of double-spike isotope dilution
for the accurate determination of Cr(lll), Cr(VI) and total Cr in yeast, Analytical and

Bioanalytical Chemistry, 386, pgs |1673-1680, 2006. — Nat. Research Council of Canada, by

permission, Copyright, Skip Kingston, al rights reserved
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Extraction method that does not need quantitative
recovery for accuracy and automation —
examples uses alkyl mercury and other mercury
speciation in fish CRM

Drs. Laura H. Reyes, G. Mizanur Rahman, Skip Kingston

Department of Chemistry and Biochemistry, Duquesne
1

IE)U UESNE University,
NIVERSITY )
Pittsburgh, PA 15282, USA.

‘ Eight extraction methods for alkylmercury species in biological
samples, literature summary (Methylmercury and Inorganic Hg)

Extracting Reagents:

1. Basic Leaching
- 25% (wiv) KOH (with or without methanol)

- 25% (wiv) TMAH (with or without
methanol)

2. Acidic Leaching . =
S Extraction technique

- 6M HCI/0.1M NaCl
- 1M HCl/saturated NaCl solution 1. Room Temperature
- 4M HNO.

3

- CH,CO0H 2. Conventional heating

3. Sulfhydryl group reagents e xtraction

- 1% (w'v) L-Cysteine-HCI

- 0.05% (wiv) L-cysteine and 0.05% (v/v) B- . . .
mercaptoethanol 4. Microwave assisted extraction

- 5% thiourea with 5% HNO3

3. Ultrasonic assisted extraction

4. Enzymatic hydrolysis
- Protease type XIV
- Trypsin
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HPLC-ICP-MS chromatogram for 10 ppb Hg?* and CH,Hg*

300
— 00
25008 —lﬂin
Hg**

& 2000
g
Z
£ 1500
g

1000f CH,Hg*

500-

0
0 1 2 3 4 5
Time, min

Chromatographic conditions!:

Column:

Mobile phase:
Elution:

Flow rate:
Sample bop:

150 mm x 4.6 mm, 2 ym (DVB-C18, Metrohm Peak)

serial number: 06520308 TRANSGENOMICS BIOCONSUMABLES
50 mM pyridine, 0.5 % cystene, 5% methanol, pH 3

Isocratic

1 mimin

100

W, Vallant, R. Kadnar and W. Goessler, 1. Anal. At. Spectrom., 2007, 22, 322-325.

|| Total mercury in

CRM-434 extracts USWE!J method

Certifiedvalue | / ICP-MS  \
Procedure | Total Hg, | CH,Hg*, |/ Total Hg, Total Hg
Hg g mg kg-! mg kg-' Recovery, %
A 5.24+0.10 5.12:0.15&’ 5.24:0.34 99:6
B 5.24:0.10 5.12:0.'{5 5.19+0.59 9845
c 5.24:0.10 | 5.12:0.16 | 4.82+0.20 91+4
D 5.24:0.10 | 5.12:0.16 | 4.25:0.49 80+9
E 5.24:0.10 | 5.12:0.16 | 4.00:0.13 76+2
F 5.24:0.10 5.12:(11% 3.62:047 69+9
G 5.24:0.10 5.12:0,15\ 4.58+0.43 87:8
H 5.24:0.10 | 5.12:0.16 | \4.60+0.55 8710 /

Uncertainties are reported at 95% CL (n=3)
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| Mercury speciation in CRM-434 extracts using conventional
method

Certified value / HPLC-ICP-MS \

Procedure | .4 Ha, | CH,Hg", /ngol mg | CH,Hg', R:&:Lg‘ sum of \
g g mg kg kg mg kg! % Y| species

5.24=0.10 | 5.1 2:?/ 16 | 0.06+0.02 | 5.05+0.13 993 5.11£0.13
5.24:0.10 5.12:"{0.16 0.12+0.03 | 5.05+0.18 99+4 5.17+0.18
524010 | 5.1 2{:0.1 6 | 0.18=0.05 | 4.88+0.17 953 5.06+0.18
5.24+010 | 5.1 2{:0. 16 | 0.07£0.02 | 4.28+0.39 848 4.36+0.39
5.24:0.10 | 5.1 2:'\0.1 6 | 0.07£0.02 | 3.90+0.12 762 4.00+£0.13
5.24+0.10 | 5.1 2:6\1 6 | 0.350.08 | 3.29+0.14 848 3.64+0.16

5.24+0.10 5.12¢0.}§ 0.45+0.10 | 4.87+0.20 954 5.32+0.22
5.24:0.10 | 5.12+0.16 \0.16:1:0.07 4.42+014 86+3 4.58+0.16 /

T|@/mm o|ln|w| P

lUncertainties are reported at 95% CL (n=3)

Comparison of the results obtained in CRM-434 by
conventional method”

120

Recovery,%
[=2]
=]

A B (o D E F G H
Extraction procedure

[ Total Hg Recovery, % B CH,Hg" Recovery, %

*Total mercury and CH,Hg* recovery are compared with those corresponding to the certified value in
CRM-434 (uncertainties are reported at 95% CL, n=3).

364




NEMC 2007 Proceedings - Cambridge, MA

Comparison of the results obtained in CRM-434 using SIDMS
(EPA Method 6800)1

EPA METHOD 6800 - SIDMS
(HPLC-ICP-MS)
- CH;Hg" Mean degree
Extrac;lon Certified Apparent | Sum of transformation
TOCedUre | | alue, mg kg | Hg?, mg /| CH;Hg", CH;Hg" species, 95%CL, %
kg mg kg Recovery, mg kg-!
o, Hg?*to | CH;Hg*
CH,Hg* | to Hg?*
A 5.12+0.16 0.071(1.02 5.22-0.31 102+6 5.3+03 5+3 61
B 5.12£0.16 0.07£p.03 | 5.20£0.18 102:4 53202 62 441
c 5.12+0.16 0.30+0.07 | 5.18+0.13 101=3 5.5+0.1 3+2 6+2
D 5.12+0.16 0.13+D.05 | 5.11+0.38 100=7 5.2+04 5+3 3+1
E 5.12£0.16 0.1 H:Q.UT 5.60+£0.33 109+6 57+0.3 1844 0.8:06
F 5.12+0.16 0.2710\12 5.12+0.19 100=4 5.4+02 4+2 27+5
G 5.12:£0.16 1.05j:0.!|\4 5.08+0.25 99+5 6.1:0.3 43 4x1
H 5.12£0.16 O.15ﬂ:0.0§\ 5.09+0.24 99+5 52+02 412 1 .4i0.5/

*CHaHg+ recovery are compared with those mesponding to the cerified value in CBKI-434
(uncertainties are reported at 95% CL, n=3).

‘ Evaluation of extraction procedures using SIDMS
(EPA Method 6800)"

CH,Hg* concentration, mg kg

B c D E F G H
Extraction Procedure

W Conventional method [ EPA method 6800 [JCertified value

1Uncertainties are reported at 95% CL (n=3)
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Dgterminative vs Calibration measurement of methylmercury
cgncentration in CRM-464 after microwave extraction with CH,COOH.

512 +0.16
36% (Certified value)
: 9000
Species
i 8000 A
Conversion i :
7000
SIDMS
z 0 Values
E 5000 | +—e— 6800 protocol
. 0o External 512£0.19
'-E calibration
& 3000 | 320%0.14
2000
1000
o \ ¢ " N s " " " : "
3 35 4 45 5 55

CH,Hg", mglkg

» Application of 6800 to other
MS lonization Techniques

1015
(fomomolo)
1014 7
Sensilivity nanoESI
(moles)
1.0-13
1012
(picomole) 400 1000 10,000 100000 1,000,000
Mass Range
(Daltons)
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-H Further in Work

4) Demonstrate and validate these analyses error correction
advantages function on all mass spectrometric platforms

[ ] (i.e. ESI-MS, MALDI-MS, LC-MS, GC-MS, ICP-MS, )

ESI-MS spectrum of 10 ppm MeHg+ in 0.005 % cysteamine: acetonitrile (50:50)

ESI-MS isotopic ESI-MS isoto pic
/ pattern for Hg2+ ooy pattern for Hg?+

Integrating QA and Automation into
DIDMS and DSIDMS Speciation and
Enabling the Correction of
Instrumental Errors
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Traditional Calibration “Curves” are not problematic

Signal or
Response

Concentration of Analyte

MS Detector Signal Stability:
IIMS vs. Traditional Calibration on TOF-MS

IIMS vs Traditional calibration in ICP-MS

=
L~

=
Py

&

Concentration (ppb)
=
o

Time (Hours)

—+Cu IPMs —=—2Zn IPMS

—&— Cu Traditional #— Zn Traditional
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Accuracy is independent of instrumental

matrix influence and time drift and signal
response in EPA method 6800 (SIDMS)

[_,h Hg2+ —=— CH3Hg+ —— Mixed Hg ‘

300000

250000
200000 k Z [IMS Isotope Ratio Measurement

150000 X
100000 |
50000

0.00 001 005 0.10 025 050 1.00 200 4.00

HCI Concentration (%, viv)

,Traditional Calibration Curve

Counts per second (CPS)

IIMS/SIDMS/IPMS are independent of MS drift for quantification
IIMS — Integrated Instrument Method System

Automated EPA Method 6800 uses IIMS and sample
preparation accuracy robustness:
Independent of Signal Stability Enables MS Automation

IIMS vs Traditional Calibration on-Line
for 10 ppb Copper

Time (minutes)

With a typical analytical instrument, air bubbles in the sample introduction system
would cause dramatic instability and/or decrease in signal. However, with lIMS-
SIDMS technology, MS detector signal remains constant.
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Accuracy Independent of Separation

Counts per scond

.
=
=]
=

Counts per second

ra
=)
&

T T T e T T T T T
41 61 81 101 43 4 181 1B
Time, sec

Field spiked with enriched Cr (V1) 95% Cr(VI)
destroyed before returning to the laboratory

HEXAVALENT CHROMIUM CONCENTRATIONS IN FLY ASH LEACHATE OBTAINED FROM
HISTORICAL DATA (HD), STUDY WITH SIDMS (DU}, AND BEFORE ANLD AFTER
COMBINATICN WITH ACID MINE DRAINAGE (AMD)

(Ref 14) 2007 Update of
EPA 6800

Figure 6
example of field
spiking for
sample
preparation QA

Cr{VI) Concantration (ug g”)

AR, h e the statiscaly soni
r—l,..-.—.l.‘.-..—ul.-anugm-mwrm remtena freen HL 1 b HOLT ilirk gray Dars) weis
nswcuw.aoi:amwuﬂtem-nrplml mmsnmsl‘mcuiwtr -3 {ight grvy bars) wen pbaainad Fom m=w=anmu
Drogumsre University durng cumsnt anc coserentone 1 1 mmbs ane 6T poro’ were cikmred b g teachate ared AT wrh
the raos o 11 and £1 (eachate 1 AMD), respeclvely Ellw.wsn:fwlal“hnm‘fmmmaum1 3
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Methods of Quantitation

External Standard
Calibration curve

Internal Standard
A Different molecule or species (Response Factor)

Isotope Dilution*
|. calibration curve made from isotopic analogue
2. direct isotope ratio between analyte and isotopic analogue

Speciated Isotope Dilution*

Direct isotope ratio between analyte and isotopic analogue
Deconvolution and correction for transformed analyte species

*Forms of Determinative IDMS & Determinative SIDMS
DIDMS and DSIDMS

External Calibration Technique

0 1 2 3 & 5
Concentration (ug) |

m.
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External Calibration Measurement

o 1 2 3 :
Concentration (ug)

Determinative Solution to Species
Transformation During Sample Preparation:
Example - 50% Loss of Specie of Interest

&

sessrnsssss” SIDMS Validated Result:
X=15cts = 2.5ug

1 2 B 4 5 6

LConcentration (_yg)i‘

372




NEMC 2007 Proceedings - Cambridge, MA

Blood Sample Spiked with Hg?* and
CH;Hg* - Deliberate Biase Correction

Blood Hg? conc. | CH;Hg* | Sum of Hg?* | Hg?* to CH;Hg* to
Sample in ppb conc. in ppb | and CH;Hg* | CH;Hg* Hg**
conc. in
ppb
Original 22011 168+9 [388+16 1.08% % 1.50% =
sample 3.01% 1.55%
Sample 2189 161 £ 11 - 37917 2.02% % 0.14% %
mimicking 2.74% 2.06%
25%
reduction
in recovery-
Deliberate
bias

“Deconvolution” Simplified Equations for 2 species

For Hg2* R{” [“"41 Vfu_i_wn_l;'u\fujl Q‘ e 1rn_1” \Tf +1n9{;4¢ NMe )ﬂ
P o) A

T n

s (AN PN 1)+ (P4 N g
(-01_1"_1\}:1 ‘G.Jﬂrl\'full Qf _I_(_{)__ \'U"+‘m—lw\u"Jﬁ

201202 —

For CH;Hg™ [sya [15’“’_}’ N 4 1094;” J'ub |90_L \v\!e IQU‘IW?\V\!ﬂll ﬂ

1°'n
99/202 —

202 7in l(}. In ’Iu (’D- \-Ie 202 (Me y TMe
(2024, N1 20240 NI |y 4 (2024 Moy 202 4MepjMe |1 )
(
+

014 A \fe+-f)l__1‘ri'e wekl ﬂ}

H'n

201 In | 200 gfn A rdn
R [ AN AN }a+
201202 ("U‘_I’ 7\—.|’JJ+‘0‘_IJ'N1\J“

e

202 '1’ \f rMe ‘-U‘-"l U«“ \. rMe ll
fraction of Hg?* . CHyHg* and fraction of CH;Hg*—. Hg?*
is Concentration of Hg2* and . _¢is Concentration of CH Hg*
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Hg treated as a 3 Species System

I. Three way bidirectional
ype ° transformation is possible
Hg can act in this manner

o o (in the environment YES)

o . (Hg Type) Both methylmercury
and metallic or ethylmercury

convert to inorganic mercury ion

o o (in Lab)

o . (Hg Type) methylmercury and

Type 3 inorganic ionic mercury convert to

E m metallic mercury

Type 2

Type |: 3 Species have 36 Permutations
—
R A8 o 0

. ® .
® oo o® 0® o
e o ® ®

® a0® 00 o060 ¢
o @ &
® _a0® 0® o

Mathematical Solution and associated equations takes 7 pages

00000000
000600
00000000080

374




NEMC 2007 Proceedings - Cambridge, MA

EPA Method 6800 validated for Three Species
Simultaneously Inorganic-, Methyl-, Ethyl-Mercury

I

ok o N ACIW AT N1-a—¢)+ (Fa,ciw,+Tatctwt o+ (T 4,cMw +7 4w )e
FIR TR X+ AR CEWE N~ — )+ (R A.CIW, + R4t ClwE )3 + (R4, CH W, + R4 WM
X X X r ) 3 ¢ ! X X X 3 5 3 ) X x X 3 E) 5

Three Species
(Species L)

Gl

¢ _\Cactw +lafciwr i-a-¢)+(Ca.ciw o4l ctwi)p+ (Caciw 4 el w e
R (RacFw AR CEWE I—a— o)+ (P40 12 4alciwE B + (R a.coW R4 Cciw¥ )s

(Fa.ciw,+ A5 CEWE N1 —a - 9)+ (P4, CIW, + 24 CIWE )B + (P A CMW + 24 C W™ ke

RE . = u el . .
HR ™ (R CEW +RAECEWE (1-a - ¢)+ (P4, CHW +24LCIW2E )G + (R ACHW 424X WM )6

gE

YU
BREs

EPA Method 6800 - SIDMS Equations for Three Species Simultaneously

CACE W T W (FACTH AT 1= - )+ (FACE W 4 i o
= = (4, CEW A CEW o+ CACTH AT B~ )+ CACEW Ao o

(C ACEW, +PAECEWE Yo + (AL CHW, A CH 1= fi— 7)+ (° A,CHW s A¥CHW o

2 (A CEW T AECEW o+ (FACIW AL CW N = = 1)+ (A, CWFAF W

(A CEW AR CEWE Jr + (R ACEW, +PAECIWE\1- B— )+ (F A,CHW +E 44 CH WM )5
(R, CEW +RAFCEWF Jo + (FACIW +RALCIWE N1 = f— )+ (RACEW A1 CEW M 5

(Fa,CEW, +"AXCEWE Yo+ (T A, CLW,+ T AL CIWE Yy +(F A,CH W+ T A CHW M Y1-6 - &)

R = —ero
" ACTW AT Y+ (A CIW  AICT Dy + FACTW LTI N =5—2)

(4 CFW +S A5 CEWE Jp+ (CA CIW_+94PCEWE Ny + (A CHW_+54" CH WM N1-5 - £)

R.-\f e L 4 : =
(R4, CEW +RAXCEWE Y+ (R A CIW, +RAECIW E )y + (R, CYW_+ A CH M J1-6 - 2)

G/R

w _CACEW AP AECEWE )+ (PA4,CIW P AICH )y + (P ACIW A4 CHWEN 65— o)
(B =% = FACHW +ACEW E Y+ (F4,CW, +ALCH y + (P ACEW "4 W N1 =5~ o)

L
DUuQUESNE
UNIVERSTTY
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Applied Isotope Technologies, nc.

Mercury [} C r I
3

Answer the following questions by filling the appropriste information in the bordered cells:
How mruch samgle did pou double sples? a User Entry is Required

Mo much g™ did you spike? " Uset Entry is Frequined

How much ™CHyHg didyou spike? q User Entry is Requined

‘Wt |8 the coneentration of ™Hg" spile? ra-’\a Usier Enviny is Pleguined

‘it Is the concentration of Me™Hy spike? pgn’; User Entry is Required

‘Whit e the isotope 1atios you obtaned ster analizing the sample etract of the sample with an approprat ¢ instrument?

—

Hg2.

Analgsiz | WHgMH  Hg2. Pbekig. MeHg-
Pleplicates TSI ™y g™ Hg | Mg Hg
e

1 Place the mouse cursor on any of the four cells

on the "Analysis Replicates. 1 line” 10 see lser
Entry Instructions.

2
3
4

Deconveluted Concentration and Interconversion

Analysis Hag2s 1o |MeHgs to
Replicate | HgZ« | MeHge | Mebige Hg2.

1808 7 12139387 22467 25.291x Place the mouse cursor on any of the four cells

0382 M ES4% 26819% - -
iy s 20.583% on the “Analysis Replicates, 1line” 10 see User

123.3662 17.606% 27460 Entry Instructions.
758x  2754x

|«

Human Tissue - Hair CRM
Environmental Forensic Analysis

(elerence Vit

luman 1l

IAEA-086

U

Copyright, Skip Kingston, al rights reserved
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SIDMS Analysis of Three Mercury Species from Hair
(IAEA-085) Measured by 3 species SIDMS 6800

Hg? to MeHg* MeHg*
2+ + +
Hg Dietiey Etkin MeHg* to Hg?* | to EtHg* Eﬂ-:f oto
(uglg) | (uglz) | (vglz) ) ) oo | HET®
Certified
value
MM 8309 n 54108 | 1.7103 | 74.3140 | 6.8 0.7

Uncertainties are at 95%CIl, n = 8.
*** sample spiked with EtHgCl (22.7 £ 1.0 pg as Hg / g Hair)

Copyright, Skip Kingston, all rights reserved

Deconvoluted Concentration Interconversion in (%) Interconversion in (%)

Hg2+to MeHg+
Hg2+ MeHg+ EtHg+ MeHg+ to Hg2+

0.218 21.9816 22.2375 | 8.866% 5.08% g 5 T7.77%
3.216 21.3193 19.3977 | 9.045% 6.07% G L 81.10%
0.937 21.5255 22.0858 | 6.743% 6.97% 78.50%
0.817 22.3988 22.5879 | 9.512%  4.03% 7.80% 77.47%
1.297 21.806 21.5772 8.54% 5.54% 733% 178.711%
1.317448 0.482319  1.4682 1.23% 0.70% 1.65%

2.094742 0.766887 : 1.95% 2.02%ed 0.79% | 1.12% 2.63%

377




NEMC 2007 Proceedings - Cambridge, MA

SUPELCOSIL™ LC-18, 5 mm, 30 cm x4.0 mm ID
Mobile Phase: 30% MeOH + 60 mMNH,Ac + 0.005% 2-mercaploethanol + 0.1% Tropolone

Flow Rate: 1.0 mLimin

Copyright, Skip Kingston, all rights reserved

Homeland Security: Updated EPA 6800
applied to Drinking Water Toxins

An equivalent act in drinking water
could be 100 -10,000 times worse in lost

July 19, 2004

Copyright, Skip Kingston, afl rights reserved
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2007 Update Method EPA 6800 (IDMS/SIDMS)

Excerpt from Item-1.5:
“Aqueous samples such as drinking water, ground
water, and other aqueous samples may be directly
spiked and analyzed. Solid samples such as
soils, sludges, sediments, industrial
materials, biological tissues, botanicals,
lysed cells, foods, mixed samples, blood, and
urine and other samples containing solid
matrices require spiking before or after
extraction or digestion prior to analysis to
solubilize and equilibrate the species prior
to introduction to the mass spectrometer.
The Method 6800/IDMS/SIDMS has also been used
to certify reference materials and for
environmental forensic analysis such as
water, soil, air and other samples for
detecting chemical and biological agents for
homeland defense and homeland security
urposes.”

2007 Promulgation method update
® o pyragh

t, Skip Kingston, all rights reserved

o o ™ 47 SRR pRere
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Flexible methods and New tools make the scientists toolbox

Electrospray lonization (ESI)

Copyright, Skip Kingston, afl rights reserved
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Nanospray ionization using Chipcube

=

Copyright, Skip Kingston, all rights reserved

TOXICOLOGICAL PROFILE FOR MERCURY
U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, CDC
Public Health Service, Agency for Toxic Substances and Disease Registry, March 1999

A person can be exposed to mercury from bread‘iiniin contaminated air, from swallowing or
eating contaminated water or food, or from having skin contact with mercury.

A large part of this mercury is in the form of methylmercury and probably comes from eatin
fish. Methylmercury is the form of mercury most easily absorbed through the gastrointestina
tract (about 95% absorbed).

When you breathe in mercury vapors, however, most (about 80%) of the mercury enters

your bloodstream directly from your lungs, and then rapidly goes to other parts of your body,
including the brain and kidneys.

Analyses Methods to measure mercury levels in the body - involve taking blood, urine, or hair
samples.

A_c_ld_'r_t_i_o_n_ai_re_sg_a_r_ch will be needed to validate the determin_ation of individual mercury species
(i.e., methylmercury, phenyl mercury, mercury acetate, etc.)

Effects: Metallic mercury vapors or organic mercury may affect many different areas of the
brain and their associated functions, resulting in a variety of symptoms. These include
personality changes (irritability, shyness, nervousness), tremors, changes in vision (constriction

(or narrowing) of the visual field), deafness, muscle incoordination, loss of sensation, and
difficulties with memory.

Copyright, Skip Kingston, ol rights reserved
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Analyircal Commiprcations, October 1957, Vol 34 (2

Determination of the Recovery of Dimethyimercury and
Diphenylmercury Extracted From Organic Solvents and a
Liguid Condensate With Bromine Water Using Cold
Vapour Atomic Absorption Spectrometry

Malkcolin P. Heyward's, Robert L. Horles and 'Bj ot Sanerhanimer®
* Expro North Sea Lid, Flrad Analvsts Cemire, 24 Crearvil Road, Reading, Berksfure.
I SNp

o cof Chemistry, Brnel Uni oy, Uibridge, Mickfleses, UK U3 3PH

Caldl vapour aiombc shsorpibon specirometry wos vsed (o o Lm_m: well enough 0 SXIECT ORI mencury into e
determine if biosudie waler extract: arganke baund 1 T Ir]: 2 s cuwicd] mol, de eacess wnine
mercory quantitatively from liguid hydrecarbons. The n
methed deseribed is vsed for mercory determinztion by
thhe il imdustry bt has net been previossly poblished. Ti
presents am extenzion te the existing standard 150 6975
1992 which denls with the detersaination of mercary i
ol goses, The Dromine oxidises e mereny o
mercuryin-lons. Tlwen excess brouibie k= rediced by
yilroxy lanmenitm chleride to bromide. Finally the
mercnryinol-ions are rednced by tinin -chloride to
#lemental mercury. The absorbamce at 2537 nm s
mesisnred spectvomervieally and depends lnearly o e
n. Quantitative tests of this method : remmyed from the salat
previously on organkc merenry i 0 the abaorphon e

(vid in woter nnd Dving fssmes. Test
resulis on ihe valldity of this medled for organdc mercary
compannds dissslved In ernde ofls or condensates are
presented in this commumnication. The recoveries of the mereas,
dimetlyimercury md diphenyimercory dissolved in an TI:L‘(E st 0o published 03t (0 emanstoes o dus wedod
organke solvent and in o lguid condensate—solvent C
mixture have been determined. For dimethylmeroory it
was found to be 98 + 2% in heptane and 98 + 6% na
ol ate=heprane mixmre. For dphenyimeronry e
recevery was Found To be 93 4 5% o o Leplane~tolueine
mixture and 95 & 56 in a heplane—iolnene—condensaie

Copyright, Skip Kingston, all rights reserved

Homeland Defense and Homeland Security
Measurements of Common Toxins and
Combinations of Toxins

Cyanide

Azide
Dimethylmercury
Methylmercury

Combinations of Alkylmercury and other Toxins,
in Water, Air, Food, Ware Fighter
Methylmercury and Dimethylmercury

In Solvents (methanol)

From Land Fills

In food with other toxins

In water and air as terrorist chemical agents and threats

Copyright, Skip Kingston, all rights reserved
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Research on Alkyl Mercury and Other Bulk Toxins

Dimethylmercury — Scenario presented to President Bush
- E. Floyd Kvamme-Office of Technology Policy

Cyanide

Azide

Alkylmercury species

Combinations

Reduction of False Positives and False Negatives

Automation and QA

Copyright, Skip Kingston, ol rights reserved

NaN; in HPLC H,O negative mode

B .T0F WS 0854t 4,853 min fram NaN3nHPLEKZOne ¢ 052207 it Agilent Maz, 1824 counts

wow Na(N,),

eanmzd

1083 Na2(N3)3*
172018 Na3(N3)47 Na4(N3)57

00010 2305

Iniensiy, counts
E
s

1240827

T
st00m Nag(N;)s
IETOIET

Nag(N5);
4220171 Na?(NS)B-

2070175

asasTa_
152.055| 1930040 3fi1as z0a00%
iR L

20000 | 4z enad
3345105
e 2895150 388.5170

uuuuu tooesdt
{ 135 L857

L 283807] 3050040 jesur2 3R ,aaueL 19,9950 |450.0658. L75.35CE {

am a0 40 4en 4m0 AW

10 120 140 B0 1E0 SO0 230 230 oA 260 300 @0 =40 sen 30
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NaN, in HPLC H,0 positive mode

======

sm0co

Nay(N,),”

Na,(N3),*

. Nas_(Ng)x;‘ NaT(Nq)ﬁ+

" Nagy)
Nag(hy):

20ppm NaNN'™N in HPLC H,O

TLF M3 0533 by 4254 men fom ZUppmann18H

negative mode

" [Na(NNsN),-

o
”
15N .-
. Na,(NNTN),
e
s Na,(NN'SN),- )
— 2arnin Na-‘.(NN]:}N)SN NN'5N).-

_ as(NN™N)g"Na (NNTEN).-
Ao ¢ l (i} 7
oo | AT P 367 3051 273 B2 =

0.0 235 4 2ma0208 - L
| ST — | . EL DTS . I8 AROTZ 4002311
1) e “Lh dpotetiy | [ peopm nmeppep e | T SRS e
100 120 140 150 B0 00 z 2% 80 zBO 300 30 =0 380 380 A0 0 40 L As0

iz amu
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Close up of first peak, Na(N3)2- in negative mode upper left-natural, upper right-isotope, lower left- mix
20 ppm in HPLC H20

Possible Combinations for Na(N3)2-,
Na15N3 + 15N3

Na15N3 + N3

NaN3 + 15N3

NaN3 + N3

Quantification of Na(N,),

For Na(N.),", there are four possible
combinations with natural and
isotopically labeled azide anion

— Na™N, + 15Ny

— Na®N, + N,

- NaN, + 15N,

— NaN, + Ny

Expect a 2:1 ratio of peaks 108 and
109

After integration of the peaks, the ratio
was determined to be: 2.05:1

From this ratio and integration, the
natural concentration was determined
to be 21.9 ppm when the actual value
was 20 ppm
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Close up of second peak, Na2(N3)3- in negative mode upper left-natural, lower

left-isotope, right- mix
20 ppmin HPLC H20

Lt PEENBAEPEIERIEREEE

Possible Combinations for Na2(N3)3-,

Na15N3 + Na15N3 + 15N3
Na15N3 + Na15N3 + N3
Na15N3 + NaN3 + 15N3
NaN3 + Na15N3 + 15N3
Na15N3 + NaN3 + N3
NaN3 + Na15N3 + N3
NaN3 + NaN3 + 15N3
NaN3 + NaN3 + N3

EEEEEEREE]

Copyright, Skip Kingston, sl rights reserved
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KCNin HPLC H20 in negative mode
Shows the expected spectrum for KCN in negative mode

P At cnarts

W0 ML URT B AR min fer HOH Lowstare g4 82001t Agalerd

oW

K;(CN),-

s

Taea. AEIAE
s S

Jﬂ_\_‘:ﬁ L1L O ":i:"r K}ioqﬂ]&-

o |

w0 W WG 00

KCNin HPLC H20 in positive mode
Shows clearly the expected spectrum for KCN in positive mode

K(CN)y*

200

TEENIN, 20 U3

, Ks(CN),*

KelCNs' | Ky (CN)g*

|
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xcnpon

e i ) mmas

A5 o0g
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Quantification of K(CN),-

For K(CN),-, there are four possible
combinations with natural and
isotopically labeled cyanide anion
- KIJCIEN + I!CISN-
- KBCEN+CN S ————
- KCN#+ 3CEN :
- KCN+CN -

Expect a 2:1 ratio of peaks 93 and 95

After integration of the peaks, the ratio
was determined to be: 1.997:1

From this ratio and integration, the
natural concentration was determined
to be 108.3 ppm when the actual value
was 100 ppm

Quantification of K,CN*

For K;(CN)*, there are 2 possible
combinations with natural and
isotopically labeled cyanide anion
KI3CIEN + K
- KCN+K*

Expect an approximate 1:1 ratio of
peaks 104 and 106

After integration of the peaks, the ratio
was determined to be: 1.03

From this ratio and integration, the
natural concentration was determined
to be 102.7 ppm when the actual value
was 100 ppm.
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Sources of Errors in Mass Spectrometric Analysis

«Stability of analyte in solution

= Accuracy in sample preparation
= Purity of calibration standards

= Choice of intemal standard

* Improper instrumental setup

« Total dissolved solids

* Non-spectral interferences

= Matrix matching

= Standard addition

= Sample introduction

* Chromatographic separation

* Instrument drift with time

= Nebulization efficiency

= Droplet size

= Physical properties of solution

= Acid content in the solution

= Analysts lack of knowledge/training
= Background correction

* Mass bias

* Dead time

| ‘.;Ilmarferanuasflsobanc & polyatomic

Current and Former

Dr. Mizanur Rahman

Dr. Laura Reyes

'Mr. Matt Pamuku

Mr. Timothy Ferenhol

Mr. Gonzalo Mancheg
r. Greg Zinn

im X
Mr. DaH‘;m
Dr. Dengwei

Dr. Ye Han

Dr. Helen Boylan
Dr. Peter Walter
Dr. Dirk Link

Dr. Stuart Chalk
Dr. Sejal lyer

Dr. Robert Richter
Dr. Dan Taylor
Ms. Yesheng Lu

Calibration Curve

(not a definitive method)
* More instrument time

* More analyst time

* More reagents and che micals

* More overall expense

Isotope Dilution
(definitive method)
* Less instrument time

* Less analyst time

* Less reagents and chemicals

* Less overall expense

Copyright all rights reserved by Professor Kingston

%qs &-Eunding
L3 ur&iatlon (I’gF)
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Applf pe Technol* (AIT)
US Air Force

EPA

Allegheny Energy Suﬁ/ Co.
& Milestone Inc

Agilent Technologies.

Duquesne University

r
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Best Practices for
Calibration

NEMC
Cambridge, MA
August 2007
Barbara Escobar
Arizona Department of Health Services

Initial Calibration Documentation

» NELAC Draft Interim Standard V1M1 Section 1.7.1.1.

= Calculations, integrations, acceptance criteria and associated
statistics shall be included or referenced in the test method SOP.

= Sufficient raw data records shall be retained to permit
reconstruction of the initial instrument calibration (e.g., calibration
date, test method, instrument, analysis date, each analyte name,
analyst’s initials or signature; concentration and response,
calibration curve or response factor; or unique equation or
coefficient used to reduce instrument responses to concentration).
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Initial Calibration Documentation

» EPA Manual for the Certification of

Laboratories Analyzing Drinking Water, 5t
Ed. Chapter IV

= 8.4.5 Analytical Records. Calibration and standards information
should be readily available.

= 8.5 Reconstruction of Data: Adequate information should be
available to allow the auditor to reconstruct the final results for
compliance samples and PT samples.

8.6 Computer Programs: Computer programs should be verified
initially and periadically by manual calculations and the calculations
should be available for inspection.

Initial Calibration Documentation

» Office of Solid Waste SW-846 Chapter One, Rev. 1

= Section 4.3.4 The documentation of the actual
laboratory procedures for analytical methods should
include instrument standardization - This includes
concentration(s) and frequency of analysis of calibration
standards, linear range of the method, and calibration
acceptance criteria.

= Section 4.4.6 All information used in the calculations
(e.g., raw data, calibration files, tuning records, results
of standard additions, interference check results, and

blank- or background-correction protocols) should be
recorded in order to enable reconstruction of the final
result at a later date.
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Calibration Data Audits

Challenges:

» When laboratories don't spec