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NEMC 2008
CONFERENCE HIGHLIGHTS

The Environmental Measurement Symposium, a combined meeting of the National
Environmental Monitoring Conference (NEMC) and The NELAC Institute (TNI) was held
August 10 — 16, 2008 in Washington DC, just blocks from the nation’s capitol. The
conference was co-sponsored by the US Environmental Protection Agency, the Independent
Laboratories Institute, and The NELAC Institute.

A total of 469 people attended the 2008 Forum, which was a 9% increase in attendance over
2007. The meeting included:

19 technical breakout sessions with 100 presentations;

a 2-day poster program with 23 posters;

4 keynote presentations;

3 EPA general sessions with 13 presentations;

13 TNI committee meetings;

an assessment forum;

a laboratory mentoring session;

an accreditation body forum;

a meeting of the Environmental Laboratory Advisory Board;
5 training workshops; and

a 3-day exhibit program with 43 exhibitors and sponsors.

Highlights of the week included the following keynote speakers:

Dr. Jorg Feldman from the University of Aberdeen who spoke on
elemental speciation in environmental monitoring;

Dr. Heidelore Fielder from the UN Environmental Program who spoke on
global monitoring of persistent organic pollutants;

Dr. J. Clarence Davies from Resources for the Future who spoke on EPA
and nanotechnology; and

TNI's own Bob Wyeth who spoke on moving forward on national
accreditation.
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Future Trends in Sensor Technology

National Environmental Monitoring Conference

13 August 2008

Michael Brody

=Environmental Protection Agency
sbrody.michael@epa.gov

Stuart Nagourney

=New Jersey Department of Environmental Protection
mstu.nagourney@dep.state.nj.us

Marissa Mclnnis

=Environmental Protection Agency
sMmcinnis. marissa@epa.gov

What is a Sensor Network?

Mesh (battery powered)

“...a wireless network consisting of spatially
distributed autonomous devices using sensors to
cooperatively monitor physical or environmental
conditions, such as temperature, sound,
vibration, pressure, motion or pollutants, at

different locations.”
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EPA Strategic Plan 2006-2011

"Through distributed sensor networks, we could
collect and transmit data faster and more
frequently, improve data quality, enhance data
integration, and improve data sharing...”

“This technology could support our Report on the
Environment, advance our foresight capabilities,
and provide data that accurately portrays
environmental conditions on a real-time basis.”

Advanced sensor technologies was the one
emerging issue that arose most frequently during
a series of futures/strategic planning workshops

Traditional Sampling

Travel to Site

d =

Collect Sample Pkg. Sample for Shipment Mail Sample to Lab

Prepare Sample for Analysis Analyze Sample Review Results

Sensors

Sensor Collects Data in Field; g
Without Discrete Sample -
Transmits Info. Directly Y B
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Enable Dramatic Improvements

Performance Measurement, Program Management
& Environmental Monitoring

More easily understand dynamics
s Spatial and temporal complexity
Real-time data

» Enable quick notification and respense time to worsening
conditions

Smart sensors

s Automate responses to threats to human health and the
environment

Reduce costs

= Minimize traditional monitoring when sensors show that
conditions are within acceptable tolerances

Target sampling times and frequencies
= Produce data best suited to achieve compliance

Sensors & Traditional Monitoring

¢ Traditional sampling and analysis methods

=« For now - perhaps more precision of individual
measurement

= But can be misleading about a site

¢ Sensors gather much more data

= Useful information on temporal and spatial variations in
contaminant levels

= Real time data availability
= Ability to evaluate trends
= Sensors may cost more at first
* | ower analytical costs over time
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Sensor Data Issues

e Data Quality & Acceptability
= Data comparability to traditional methods
= Accuracy & precision
= Management of larger volume of data
= Regulatory acceptance will depend on these issues

e What is More Valuable

= More significant digits or timeliness
= System-level characterization of a site or ecosystem?

e Depends on the Decision to be Made

Moving Forward
Demonstration Projects Should

Be a catalyst for change
= Broad national interest

Contribute to the adoption of advanced sensor
technologies in a regulatory environment

Existing monitoring efforts already underway for
comparison purposes

Sensor(s) chosen must be reliable and durable

Demonstrate ability to capture spatial and/or temporal
complexity




NEMC 2008

Potential Areas of Application
in Aquatic Ecosystems

Septic Systems

Non-Point Source Runoff

Beach Water Quality

Combined Sewer Overflows
Concentrated Animal Feeding Operations
Rapid tracking groundwater plumes

TYPES OF SENSORS

Sensor Category Parameter Cost (%)
Readiness

Physical Temperature 50-100 High
Moisture, Content 100-500 High

Flow Rate, Flow Velocity 1,000-10,000 High
Pressure 500-1,000 High

Light Transmission (Turbidity) 800 -2,000
High

Chemiical Dissolved Oxygen 800-2,000 High
Electrical Conductivity 800-2,000 High
pH 300-500 High
ORP 300-500 Medium
Major Ions (Cl-, Na*t) 500-800 Low-Med
Nutrients (NO3-, NH4+) 500-35,000 Low-Med
Heavy Metals NA Low
Small Organic Compounds NA Low
Large Organic Compounds NA Low
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What's New in the World of
Sensors?

» Some examples, websites and
maybe some speculation

Utah State University

Little Bear River WATERS Test Bed Project

» Little Bear River Test Bed, near Logan, UT
o http://water.usu.edu/littlebearriver

= One of 10 WATERS Network test bed
projects in the US - funded by NSF

o http://www.watersnet.org/wtbs/index.html

m Focus on sensors, deployment of sensor
networks, development of new modeling
tools, and cyberinfrastructure.
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ittle Bear River Test Bed Map Server
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Example of Current Conditions at a
Specific Sensor

USU3 - Turbidity 412008 12,00 Pu 0132

+ VariableUnitsName: nephelomstric tutbidiy unis

o SampleMedium; Suface Water

o ValueType: Field Obsenation

+ TimeSupport: 5 second

o Datalype: Vanance

o GeneralCateqory: Water Cualty

+ QualityControlL evellD: 0

+ WethodDescription: Turbiity measured using a
Forest Technalogy Systems OTS12 turbidiy sensor
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File Graph Data

Time Serles | Probabilty | Histogram | Box Whisker | Summary | Plot Options |
Little Bear River below Confluence of South and East Forks near Avon, Utah Statistics

Arithmetic Mean 28
Geometric Mean 8.531
Maimum 1604

Mirimum 152

Stenderd Deviebon | 91,03
Coefficient of Variation 399%

10% 3.06

25% | 428

Median, 50% | 639
7% | 1419

o% | 3299

# of Observations 12658

How Dec  Jan 2008
2007

Select Date Range Commanc s

Stte Include months: Flot Granh
USU-LBR-Confluence - Litie Bear River below Confluence of South and Ea ¥ Start | 2007 ¥ |January ¥

v Enct | 2008 v | | December v Clear Graph

Contact Information

s David Stevens — Utah State
¢ david.stevens@usu.edu

n Jeff Horsburgh - Utah State
» jeff.horsburgh@usu.edu

s For Web Information:

¢ CUAHSI Hydrologic Information System - provides web
services

* Consortium of Universities for the Advancement of
Hydrologic Science, Inc.

s http://his.cuahsi.org/index.html
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Southern California Coastal Water
Research Project

= Incorporation Of New And Rapid
Measurement Methods Into Beach
Water Quality Monitoring Programs

Background & Approach

» Beach water quality has been
monitored the same way for decades
Culture-based methods are slow; but
Molecular methods are coming on line

e measurement of organisms that are not
easily cultured

Allow measurements in about two hours

e be field portable & adaptable to continuous
automated operation

10
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Neutral Testing Forum

s SCCWRP is California’s independent
testing organization

= Evaluated 6 classes of technology by
15 method developers
e Common samples
e Compared to traditional methods

Conclusions

= Acceptability based on:

e Repeatability equal or better than current
methods

e False negatives no greater than current
e False positives no higher than 20%

= New rapid methods are on the way

e Principal obstacles are proper internal controls
and training/certification

e Rapid tests for some viruses may be available
in 5 years

11
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Southern California Coastal Water Research

Project
Contact Information

= Stephen B. Weisberg
e Executive Director

e stevew@sccwrp.org

e http://www.sccwrp.org/

Sensing & Decontamination
Grand Challenges

from Center of Advanced Materials for Purification of Water with Systems
(WaterCAMPWS) - University of lllinois at Urbana-Champaign

» Selective detection and removal of
conventionally difficult to treat and
emerging pollutants

= New detection methods directly
linked to treatment methods

12




NEMC 2008

Decontamination: Targets, Relevance &
Rationale

Targets to date
Heavy Metals: Pb, Hg, As
Fuels And Fuel Additives: Mtbe
Oxyanions: Nitrate And Perchlorate
Halogenated Organics
Nitrosamines: NDMA
Criteria for Candidate Contaminant List (NRC, 2001):
Common pollutant in drinking water resources
Often present at toxic concentrations
Additional Criteria

Conventiohal sensing, adsorption or catalytic destruction technologies are
expensive, incomplete, unreliable, or nonexistent

Molecules for Selective Binding

flexible backbone for detecting targeted contaminants ineluding biclogical erganisms
biologically-based manufacturing of detectors

Partial list analyies recognized by selecied DNA/RNA

Metal ions (Mg(II), Ca{Il), Pb(II), Zn(II})
QOrganic dyes (Cibacron blue, reactive green 19)
Amino acids (L-Valine, D-Tryptophan)
Nucleosides/nucleotides (Guanosine, ATP)
Nucleotide analogs (8-oxo-dG, 7-Me-guanosine)
Biological cofactors (NAD, FMN, porphyrins, Vitamin B,.)
Aminoglycosides (Tobramycin, Neomycin)
e e ey Antibiotics (Streptomycin, Viomycin)
Peptides (Rev peptide}
Enzymes (Human Thrombin, HIV Rey Transcriptase)
Growth cofactors {(Karatinocyte GF, Basic fibroblast GF)
Antibodies (human IgE)
Gene regulatory factors (elongation factor Tu)
Cell adhesion molecules (human CD4, selectin)
Intact viral particles {(Rous sarcoma virus, Anthrax spores)

cleavage site

13




NEMC 2008

Biosensor Labeling for Rapid and Easy Detection
(already used for Ph sensing)

| DNA-gold
hanecparticles

Detection limit: 2 ppb (ca. 100 ppb
{CDC blood level) or 15 ppb (EPA drinking water)
Result in two issued patents and seven pending patents;

Technology transfer: DzymeTech, Inc.

Next stage of development will be to
immobilize the sensor on glass fiber paper -
as simple as using Litmus Paper

Next Step — Continuous Monitoring

Lab on a Chip for Multiple Contaminants

Prototype has been built

/e Polycarbonate Cap 1470 1
PMMA Via Reducer 20n

PMMA Cross-
++— Channel Layer 20p

Palycarbonate
membrane 6-10 1t

A5 _PMMA Separation-

Channel 204
p -
7 A TN PMMA Base 20 4
A A

[ 24mm —"

14
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Contact Information

= Richard Sustich

o WaterCAMPWS

e University of Illinois at Urbana-Champaign
m 847-438-4236
» sustich@illinois.edu

More VWebsites of Interest

» U Mass Boston
s http://www.cesn.umb.edu/

= Boise State
» http://ces.boisestate.edu/bsuinrasymposium.htm

= National Ecological Monitoring
Network

s http://www.neoninc.org/

15




NEMC 2008

More Websites

= UCLA
e http://research.cens.ucla.edu/

e Dijstributed Sensing Systems for Water Quality

Assessment and Management; February 2007,
[http://www.wilsoncenter.org/topics/docs/Sensor white
paper_Ir.pdf]

* Personal EIR http://peir.cens.ucla.edu/

e CAFO and Nitrates study — southern California
= EPA - ORD

e Multi-Analyte Nanoelectronic Air Pollutant

Sensors
s http://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/
display.abstractDetail/abstract/6969/report/0

What Else is Coming?

= More Pilots
* For example - CAFO in Oklahoma

s Sensing Linked To Environmental Process

Control
» Water Infrastructure - sensors detect contaminants and
only then are purification processes turned on
* Biological detection linked to nano-based contaminant
removal?

= Analyses of Energy Savings

¢ Replacement of traditional approaches with sensors &
potential GHG reductions with sensor networks?

s [College of New Jersey proposal]

16
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EXES — An Advanced System for Environmental
Data Assessment and Data Validation

\

g Py

' = 7 R PG
N ) £ P -‘g
S ,u‘amy Qualty Quality Oual '

Superfund Analytical Services

=
=
=

Michael S. Johnson - USEPA Analytical Services Branch (ASB/OSRTI)

Nazy Abousaeedi, CSC
August 13, 2008

:a -r A
Benefits of Automated Data i
R eVI eW . ;-p;;mmwumr@

Faster

Reduces data validation resources
Consistent verification/validation
Expedites data processes and usage

EXES- Advanced Data Assessment Tool 2

August 13, 2008 E ¢
Michael Tohnson & Nazy Abousaeedi

17
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Requirements for Automated Data ;- %

Review .

-
Superfund Amalytical Services

Known analytical requirements
Standard electronic data delivery format (i.e., SEDD)
Well-defined QC criteria
Data review applications providing:
— defined verification/validation reports
— customization to client's need

EXES- Advanced Data Assessment Tool 3

August 13, 2008 E ¢
Michael Tohnson & Nazy Abousaeedi

Electronic Data eXchange and F
Evaluation System (EXES) L2 8

ilpfrﬁmi Analytical Services

Processes and Deliverables

» Laboratory Self
Assessment (SA)

» Contract Compliance
Screening (CCS)

* Data Assessment
Tool (DAT) Reports

» DAT Spreadsheets

DAT
Spreadsheets

EXES- Advanced Data Assessment Tool 4

August 13, 2008 E ¢
Michael Tohnson & Nazy Abousaeedi

18
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L™
e s
R\ 73,

Laboratory Self Assessment =

Superfund Amalytical Services

» Allows Laboratory to self-inspect
data prior to delivery to clients

» Checks reporting and technical
requirements

* Provides detailed reports to the
Laboratory

» Aides Laboratories in providing
better quality electronic deliverables

EXES- Advanced Data Assessment Tool 5
August 13, 2008 Michael Johnson & Nazy Abousaeedi

Contract Compliance Screening ;- ~ %

L

( C C S ) ir;nﬁ Amalytical ilr:itﬁ

* Completeness and compliance
check of the electronic data

* Based on Laboratory contract
and method requirements

* Flexibility to accommodate
variations to the analytical
methods

» Detailed report provided to the
Laboratory and summary report
provided to the client

EXES- Advanced Data Assessment Tool 6
August 13, 2008 Michael Johnson & Nazy Abousaeedi

19




NEMC 2008

=

Data Assessment Tool (DAT) £ W2

Superfund Amalytical Services

Y 17 .

* Performs recalculation of information from raw data

» Performs data validation checks based on national
or data user guidelines

» Can be customized based on client, project, or
method variations

» Designed to assist data validation

EXES- Advanced Data Assessment Tool

August 13, 2008 . €
Michael Tohnson & Nazy Abousaeedi

=
:

DAT Deliverable Reports ,-,._,.?:-"3 _'

Superfund Amalytical Services

P g
Y17

» Series of reports based on validation
criteria

+ Summary reports provide final results
and validation flags

; . . DAT
+ Results based on data user’'s validation Repuiis
criteria
» Received within hours of data delivery
from Laboratory
EXES- Advanced Data Assessment Tool 8

August 13, 2008 E ¢
Michael Tohnson & Nazy Abousaeedi

20
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DAT Deliverable Spreadsheets ..w

Superfund Amalytical Services

» Customized for each user or
project

» Generally an Excel spreadsheet
containing 60 to 70 Fields

* Amenable to loading into
databases

» Combines Laboratory data, field
data, and validation results

DAT
Spreadsheets

EXFES- Advanced Data Assessment Tool 9

August 13, 2008 - 0
Michael Johnson & Nazy Abougaeedi

i

Superfund Analytical Services

21
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Superfund Analytical Services

FLERED
¥y o
N\ /4

-
Superfund Amalytical Services

Y 17 .

EXES- Advanced Data Assessment Tool 12
August 13, 2008 Michael Johnson & Nazy Abousaeedi

22
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Overall Regional Approach

» Regional validation of all CLP data based on
intended use

» Use CLP electronic reports and spreadsheets to
streamline validation process

* Meet FASTAC turnaround objectives for data
validation

Superfund Analytical Services

E L

v e 9
TR\
LS -
Superfund Analytical Services

* Meet customer needs for timely data of known quality

EXES- Advanced Data Assessment Tool

August 13, 2008 E ¢
Michael Tohnson & Nazy Abousaeedi

23
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Use of Reports by the Regional - /3%
Validators et

+ Region 2 used DAT validation reports to:
— assist in identifying data issues
— identify affected samples
— qualify results

» Utilization of selected text in the DAT reports to
generate final regional data validation report

+ Allows validators to focus on areas requiring
professional judgment and site-specific issues

EXES- Advanced Data Assessment Tool 15

August 13, 2008 E ¢
Michael Tohnson & Nazy Abousaeedi

Regional Efficiencies Nt

Superfund Analytical Services

» The DAT deliverables have reduced Regional
validation times for organic data from approximately
2-3 hours/sample analysis in a full manual review to
approximately .3-.75 hours/sample analysis for DAT
assisted review.

* |norganic review times have been reduced from

approximately .4-.7 hours/sample analysis to
approximately .3-.4 hours/sample analysis.

EXES- Advanced Data Assessment Tool 16

August 13, 2008 E ¢
Michael Tohnson & Nazy Abousaeedi

24
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Regional Efficiencies (Cont.)

E L

vy e .
TR\
LS -
Superfund Analytical Services

+ Estimated FYOQ7 savings for DAT-assisted CLP data

validation was $958,700 (organic $870,400 and

inorganic $88,300) when compared to fully manual

data validation.

+ These efficiencies do not include the savings realized

by the ability to load fully validated data into site
databases.

EXES- Advanced Data Assessment Tool

August 13, 2008 : :
Michael Johnson & Nazy Abousaeedi

Contact Information

 Michael S. Johnson

Phone: 703-603-0266
Email:  johnson.michaels@epa.gov

» Nazy Abousaeedi

Phone: 703-818-4233
Email: nazy@fedcsc.com

EXES- Advanced Data Assessment Tool

August 13, 2008 E ¢
Michael Tohnson & Nazy Abousaeedi

25
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Superfund Analytical Services
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New Developments in
Field Analytical
Technologies

Field Analytics & a New Lab
Business Model

Will You be Ready??

Deana Crumbling, EPA/OSRTI/TIFSD
crumbling.deana@epa.gov 703-603-0643

NEMC Conference Aug 13, 2008

2008 NEMC - Wed 1
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Factors Complicating
Interpretation of Soil Data

AND
What to Do about

Them
(read, “opportunity”)

2008 NEMC - Wed Z
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High analytical quality on
small analytical subsamples
has limited information value

True sample mean known to be 1920 ppb

Subsample Number of
Range of
mass subsamples to
results for 20
taken from a : average to get a
: replicate :
large partially result w/in 25% of
: subsamples
homogenized (ppb) true sample mean
soil sample i [1440 - 2400 ppb]
19 (n=20) 1010 - 8000 39
10 g (n = 20) 1360 - 3430 5
100 g (n = 20) 1700 - 2300

Adapted from DOE (1978 ) americtum-241 study

2008 NEMC - Wed 2

28
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Short-scale Heterogeneity Effects
Usually Much Larger than
Analytical Method Differences

> 95% of variability due ,
to sample location |

331 On-site 500 On-site
286 Lab 416 Lab

1,280 164 On-site
1.220 Lab

Figure adapted
from Jenkins et al
(CRREL), 1996

24,400 On-site 27 800 On-site
27,700 Lab 42,800 Lab

2008 NEMC - Wed 4

29
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Current strategy of a few small
grab samples, uncontrolled
sample variability for high
analytical quality analysis
provides limited (& sometimes
misleading) information value

10000
Relationship Between Soil Sample
Support & Data Variability
1000 A
‘E‘ Max Result
=
=
> )0 1 \
1]
“-EE True Average Site Concentration
= 10 -
ICP & Standard ent In Situ Nal
XRF 5 sample Reading HPG
1 Min Result | J |
1 T T T * T T 3 T -
1 10 100 1000 10000 100000 1000000 10000000
10 kg 100 kg 1000 kg 10 metric

tons

Sample Support (gr)
2008 NEMC - Wed 5

30
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Uncertainty Magnifies the
Weakest Link in the Data
Quality Chain

Uncertainties add according to
(a2 + b?2=c?)

Sampling Uncertainty\

Examples:

AU =10 ppm, SU =80 ppm: TU =81 ppm
AU = 5ppm, SU =80 ppm: TU =80 ppm
AU =10 ppm, SU =40 ppm: TU =41 ppm
AU =20 ppm, SU =40 ppm: TU =45 ppm

2008 NEMC - Wed 6

31
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A Second-Generation Data Quality
Model for Heterogeneous Matrices

Cheaper, rapid TAT Costlier time-intensive
analytical methods analytical methods

' }

Targeted, high density Low DL + analyte
sampling & replication specificity

SN

Manages < Manages
& sampling analytical
uncertainty / uncertainty

(representativeness]

Collaborative Data Sets

Collaborative data sets complement each other so
all sources of data uncertainty are managed.
Either alone cannot produce reliable information.

32
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Dysfunctionalities

Poor control of within-sample
heterogeneity = variable data =2

split & dup imprecision.

Poor control of short-scale, between-
sample heterogeneity =2 variability.
— Risk assessment problems

— Demonstrating compliance/exceedance

Poor understanding of decision
goals, representativeness & analytical
science contribute to

— Ineffectual sampling designs &
— Inappropriate analytical test requests

Happen upstream of lab, but lab
blamed when data not useful.

2008 NEMC - Wed 8

33
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What, Oh, What to Do ?!?

The future is not for faint of heart!
Transform lab’s role from “widget”
provider to expert consultant

Utilize experienced field & project
practitioners

Offer consulting services as a partner
In the project planning team

Yes...there are big, BIG barriers:
engineering consultants & current
mindset !!

2008 NEMC - Wed g

34
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) For the times, they are
a-changin’ |

Current mindset slowly changing

Old guard retiring; young not invested
In the status quo

— Schooled to be more appreciative of
partnerships & specialized skills

Hungry to understand what's been
going wrong
— Thrilled to have their concerns validated

Fixed-price, PBCs for char. & cleanup,
BF redevelopment & insurance cost

— Fumble projects as usual...lose $/rep
— Be efficient & get right 1st time...win big

No more big bucks for cleanup

2008 NEMC - Wed 10

35
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Interest in Something Better

« This year: 15t Triad conference ever,
International attendance (~250 attend)

« Triad-based education proving need
to use field tools defensibly

+ ~10 classroom courses deliv'd so far
— EPA can't accommodate the requests
— Need private sector to pick up teaching

« 200 attending Web series of 8 2-hr
XRF sessions teaching the why's &
how-to's of using XRF definitively w/
QC, adaptive sampling & data analysis

— Live & archived recordings

 To make Triad work, MUST use
multi-disciplinary teams

2008 NEMC - Wed 11
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Sorely Needed Project Skills
that Labs Could Offer

« Creative, scientific thinking!

* Translate decision goals into data
representativeness & data needs

« Select/design appropriate sampling &
analytic SOPs

* Provide field analytic services w/
proper QC & data interpretation

« Design collaborative data sets

* Prepare project-specific, detailed,
meaningful QAPPs

« Expertise in data mgt, interpretation

— Databases & software for mapping,
statistics & geostats

« Especially small firms
2008 NEMC - Wed 12
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Sample Prep Expertise
+ Gy-based sample handling

— Representative subsampling of large
volumes of solids

— Learn more: articles & EPA guidance

Must use properly sized & shaped scoop

« Grinders & their appropriate use

2008 NEMC - Wed 13
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Sampling Designs

Building & refining a CSM
Multi-increment averaging design
Composite searching design
Ranked set sampling

Adaptive cluster sampling

Use Visual Sample Plan (VSP)
(free) PROPERLY

GeoBayesian (free) sampling
design

Adaptive, dynamic decision trees
for to guide sampling & analysis

Stratified sampling design

2008 NEMC - Wed 14
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Data Uncertainty

* Great value in determining &
managing uncertainty in real-
time

* Navy uncertainty calculator
(free)

» Set up spreadsheets

2008 NEMC - Wed

15
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Improved Risk Assessment &
Compliance Decisions via
Uncertainty Mgt & a Stratified
Sampling Design

Strategy Mean | 95UCL

uncontrolled micro-scale var.

& traditional risk calculation 476 | 64/

controlled micro-scale var. &
traditional risk calculation

stratified sampling & data
analysis on preliminary CSM

stratified sampling & data
analysis on mature CSM

2008 NEMC - Wed 16
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Data Uncertainty Managed Enough to
Support Confident Decisions

compare to the 500 ppm Action Level (AL)

/ \

[ Evaluate statistical results for the yard & }

Is there statistical Is there statistical
confidence that confidence that
mean is below AL? | meanis above AL?
/ If neither \
yles condition is true yes
Decide Pb conc for the Decide Pb conc for the
yard is below AL yard is above AL

Decision too uncertain:
more information needed

200 +/- 50 700 +/- 100
(150 - 250) (600 — 800)
[ ]
Confident no 450 +/- 100 Confident that

action is needed (350 -350) action is required

Go to Decision Tree #2
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Decision Tree #2

Determine the greater source of
data variability (decision uncertainty)

Is within-bag variability GREATER than
between-bag variability?

N
yles I

ls within-bag variability
=00 LESS than between-b
Decision an ;I_;mfe?en- ag
no, they are ~equal yTS

Go to Decision

Go to Decision Tree #4

Tree #5
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Data Analysis:

Building a CSM & Stratifying

Populations w/ ProUCL

2008 NEMC - Wed

19
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Data Analysis:
Communicating Uncertainty
Using SADA software

Firing Range Berm, Plan View
Probability that 1-ft Deep Volumes > 250

Lead Probability Map (Ordinary Kriging)

Easting

2008 NEMC - Wed 20
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' Questions ?

- M L o
el
%K

Deana M. Crumbling, M.S.

U.S. EPA, Office of Superfund
Remediation & Technology Innovation

1200 Pennsylvania Ave., NW (5203P)
Washington, DC 20460

PH: (703) 603-0643
crumbling.deana@epa.gov

www triadcentral.org

2008 NEMC - Wed 21
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Flexible Approaches to
Environmental Measurement -

The Evolution of the Performance
Approach

e Lara Autry, US EPA
q e s August 13, 2008

2008 Environmental Measurement Symposium

Overview

O Purpose/Scope of the Forum on
Environmental Measurements (FEM)
O Introduction/History
O Recent Developments
O Implementation Status
B Office of Air and Radiation (OAR)
B Office of Pesticides and Prevention (OPP)
B Office of Solid Waste (OSW)
B Office of Water (OW)

O Summary
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FEM Purpose/Scope

O Promote consistency and consensus within
the Agency on measurement issues.

O Enhance Agency programs by
recommending principles for:

B Validating and disseminating methods for
sample collection and analysis;

B Developing scientifically rigorous, statistically
sound and representative measurements; and

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

FEM Purpose/Scope (cont.)

[0 Establish procedures and policies that
provide consistent, yet flexible,
measurement tools to support
environmental decision-making.

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

O Improving the Quality of Agency Methods
O

Implementation of the Performance
Approach

Technical Assistance

Method Detection/Quantitation
General Laboratory Competency
Laboratory Accreditation

National Environmental Monitoring
Conference (NEMC)

O0O000

Implementation of the
Performance Approach

[0 Renewed commitment to what
implementation means ten years from
when it began.
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Original Concept

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

B Agency or State would specify action level

B Regulators determine and specify
performance criteria

B |Laboratory select any validated method
meeting specifications

History

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

B October 6, 1997 - Federal Register Notice
of Intent

B September 1998 - Implementation Plans
Developed
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Vision

[0 Reduce the cost of monitoring.

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

O Speed up the introduction of new methods
or measurement approaches by eliminating
the need for formal rulemaking.

O Improve data quality through the
generation of performance data.

O Flexibility

Forces in the Performance
Approach

FOR Performance Approach AGAINST Performance Approach

Equipment Vendors
Regulated Entities

Science Policy Leaders

State Laboratories

Few Multi-Media Laboratories
-~ Commercial Laboratories

Few “In the Know” Advisory Groups
- State Regulators

ACIL (10% of Laboratories)

_

Regional Labaoratories

_
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Redefined Approach

O The EPA is introducing Flexible Approaches to
Environmental Measurement - The Evolution
of the Performance Approach.

O Key Goals:

B Increased emphasis on flexibility in choosing
sampling and analytical approaches to meet
regulatory requirements for measurements;

B Development of processes for validation that assure
that measurements meet quality requirements;

B Increased collaboration with stakeholders to
develop validation processes for new measurement
technology; and

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

Flexible Requirements

[0 Identification of goals such as action
levels, technology performance, and
mandates or limitations of the program
or project.

O Goals are translated into measurement
requirements.

0 Making measurement quality
requirements more flexible,
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Measurements Meet Requirements

[ Validation

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

B Phase 2 - users demonstrate
requirements for a specific use are
met.

[0 Process will allow for appropriate
choice of specificity.

Increase Collaboration

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

O Agency must continue to play a
key role in development.,
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Rapid Assessment

[0 Agency is committed to rapid
assessment of proposed alternatives
to these requirements and to timely
approval of these alternatives.

OAR

0 Stationary Source Program

B New methods and monitoring
specifications are performance based

B Existing measurement requirements
being revised to incorporate
performance approach as resources
allow

B Nimble alternative test methods
approval process
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OAR (cont.)

0 Ambient Air Monitoring Program

B New Federal Reference Methods
(FRM) are performance based where
possible and performance criteria are
directly linked to data quality
objectives (e.g., FRM for PM-10)

B Extensive collaboration with
stakeholders (State/Local/Tribal
agencies) to validate data quality and
assess new technologies

OAR (cont.)

[0 Transportation and Air Quality
B Measurement requirements for sulfur
in diesel and non-diesel fuels are now
performance-based
B In the process of streamlining and
adding flexibility to vehicle and engine
testing requirements for certification.

55




NEMC 2008

OPP

O Adopted and fully supported the Performance Approach
for submission of pesticide analytical methods by
registrants.

O Antimicrobial Testing Program results can potentially be
used for enforcement. Historically, this required
analysis using the registrant’s submitted method. OPP
has been evaluating new processes for analysis:

B OPP and OECA have agreed that OPP and State partner
laboratories can use established broadly accepted
methods for the analysis of antimicrobial products
containing Quaternary Ammonium active ingredients.

B OPPis in the process of arranging a collaborative
study, involving State laboratories, to evaluate
methods for the analysis of antimicrobial products
containing the phenolic active ingredients.

OPP (cont.)

O Adopt quantitative methodologies for evaluating the
efficacy of antimicrobial products.

B A pre-collaborative study comparing two quantitative
test methodologies for determining the efficacy of
sporicides was conducted.

O Modify existing methodology to take advantage of
emerging new technologies

B Modify existing pesticide multiresidue methods so they
are able to measure newly registered pesticides

B Participate in two international intercalibration
programs

O Evaluate “universal” quantitative method for utility in

determining the efficacy of antimicrobials against a

wide range of microorganisms including viruses.

B OPP will be participating in an OECD sponsored method
validation exercise with the new method.

I.”
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OSW

0 Performance approach used since

summer of 1997 and has met the goals
of becoming totally performance based.

[0 Data quality and performance

requirements for Resource Conservation
and Recovery Act (RCRA)

[0 Federal regulatory barriers removed by

promulgation of the Methods Innovation
Rule in 2005.

Oow

O

O

Method Update Rule, effecting changes to 40
CFR 136.6, provides added flexibility for
wastewater methods.

OW typically develops/approves multiple
technologies and methods for monitoring a
particular contaminant.

Drinking water program builds flexibility into
methods based on individual-procedure-based
performance model.

OW continues to build transparency into method
development by including more information in
the method itself and in related journal articles
and reports, as appropriate.
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OW (cont.)

O OW continues to operate an Alternate Test
Procedures (ATP) program to address new
and modified methods that go beyond the
flexibility identified in approved methods.
Program improvements incorporated based
on lessons learned.

O Drinking water program instituting an
Expedited Methods Approval approach to
speed approval of newly developed or
modified methods based on SDWA authority.

O OW actively pursuing partnerships for
methods development to bring new
technologies into use faster.

Next Steps

[0 Marketing and outreach

[0 New Notice of Intent

0 Form partnerships and pilot projects
[0 Strategy sessions

0 Training

O Timeline
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Contact Us

0 FEM Website:
B www.epa.gov/osa/fem

[0 Executive Director:

B Lara Autry
autry.lara@epa.gov
919-541-5544
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Emerging Contaminants in Raw and Finished Drinking
Waters

Yongtao (Bruce) Li, Joshua S, Whitaker, and Christina L. McCarty; Underwriters
Laboratories, Inc.. 110 South Hill Street, South Bend, IN 46617, 574-472-5562;
yongtao liffus ulcom

ABSTRACT

Emerging contaminants in waters are a cutrent topic m source water protection and remediation,
drnking water quality control, and wastewater reclamation. A list of 74 emerging contaminants
mecluding endocrine distupting chemicals (EDCs) and pharmaceutical and personal care products
(PPCPs) were analyzed using highly sensitrve and specific chromatographic and mass
spectrometric technigues. The analytes were analyzed through screening a number of source
water and finished drinking water samples. The obtained results are important for the future
studies of EDCs and PPCPs on the occurrence levels and fate in raw and finished drinking water,
the control and removal, the lmiman health effects, and the mnpacts on ecological systems.

INTRODUCTION

Endocrine dismupting chemseals (EDCs) and pharmaceutical and personal care products (PPCPs)
are two classes of emerging contanunants that have received public concern. EDCs have been
found to potentially endanger and threaten aquatic species and public health by affecting the
endocrine and reproductive functions. Endocrine disruption is linked to reproductive
abnormalities in wildlife, increased breast cancer rates, birth defects, etc. EDCs of mterest
mclude: 1) human sex hormones and estrogenic pharmaceuticals vsed for anti-nausea, premature
labor prevention, ovalation inhibition, and hormone replacement therapy; 2) alloylphenols m the
environment resultng from the microbial degradation of nomonic surfactant alkylphenol
ethosvlates in wastewater and sewage treatment plants and 3) other potential endocrine-mediated
active phenols, such as bisphenol. A vsed in the synthesis of epoxy resins and polvcarbonate
plastics. EDCs have contaminated drinking water sources through the discharge of wastewater,
sewage waste disposal and overflows, and the use of treated sewage sludge as a fertilizer in
agriculture. The occurrence of these EDCs in drinking water, surface water and groundwater
was largely dependent on the location. High concentrations of EDCs were commonly present m
the effluents of wastewater and sewage treatment plants.

The PPCPs of interest include prescription and over-the-counter drugs, drugs used in hospitals,
veterinary drugs, drugs used for farm animal feed (cattle, poultry, swine, etc.), drugs used for
fish hatchenies, and antimicrobials used in personal care products. A variety of PPCPs were
reported in wastewater treatment plant (WWIP) effluents, surface water, and groundwater as
well as i finished drinking water. The concentration levels of selected PPCPs in water supplies
and drinking water varied. PPCPs primarily originate from wastewater, sewage waste, and septic
tanks as well as other sources inclnding farm animal feed (catile, poultry, swine, etc.), fish
hatcheries, and landfill unoff. Although no known adverse human health effects are associated
with the detected PPCPs, the contamination from PPCPs 1s of great concern due to potential
long-term health effects.
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The main challenges in analvzing human hormone/estrogen EDCs and PPCPs are sensitivity and
accuracy. First, they are typically present at sub- to low part-per-trillion levels in waters, which
require highly sensitive and specific analvtical techniques. Secondly, they may have a wide
range of different properties and stabilities, which require multiple methods. Thirdly, they
mainly onginate from wastewater and sewage waste. The sample matrices often severely
mterfere with the analytical performance. Therefore, analytical methods mmst be robust and
reliable to deal with vaned matrices and concentration levels.

In this report, the authors selected and screened 74 EDCs and PPCPs, which frequently appeared
m a number of published papers and research project reports. The water samples were analyzed
by vsing state-of-the-art chromatographic and mass spectrometric techniques. The obtamed
results from finished drinking water and surface water samples were sununarized.

EXPERIMENTAL

The reversed-phase liquid chromatography/electrospray lonization/mass spectrometry and
tandem mass spectrometry (LCESIMS and MSMS) were carried out by using Waters Acquity
UPLC and TQD, Alliance 2695 Separation Module and Quattro micro API, and Alliance 2690
Separation Module and ZMD. The gas chromatography/mass spectrometry (GC/MS) was
carried out by using Varian CP 3800 and Saturn 2200 GC/MS.

For all the analytical methods, water samples were prepared by using solid phase extraction
{SPE) techniques, and internal standard calibrations were used in the quantitation of emergmg
contanunants. Hormone/estrogen EDCs and PPCPs were analyzed by LOESIMSMS.
Phenolic EDCs were analyzed by LO/ESIMS. GC/MS was used to analyze fragrances.

RESULTS AND DISCUSSION

The mininmun reporting levels (MRLs) of the selected analvtical methods are listed in Tables 1
to 8. Tables 1 to 4 summarize the results from the finished drinking water samples. Tables 5 to
8 suminarize the results from the surface water samples. The results were qualitatively
summarized mto four categories, based on the frequency of the samples detected positively.
These categories included: (1) the most frequently detected EDCs and PPCPs, which were
detected in over 20% of the samples; (2) frequently detected EDCs and PPCPs, which were
detected i 5-20% of the samples: (3) the least frequently detected EDCs and PPCPs, which were
detected i less than 5% of the samples; and (4) non-detected EDCs and PPCPs.

As shown in Tables 1-8, the results obtained from the finished drinking water samples were
generally consistent with those obtamed from the surface water samples m terms of the
frequency of the samples detected positively. First, over 50% of the studied EDCs and PPCPs
were not detected or detected m less than 3% of the surface water and finished drinking water
samples. 50% or less of the studied EDCs and PPCPs were detected m 3% or more of the
surface water and finished drinking water samples. Although the studied surface waters might
not be directly related to the finished drinking waters, the positive resolts indicate that the current
drinking water treatment systems are not very effective for the removal of a number of EDCs and
PPCPs. Secondly, more analytes were detected m the surface water samples mn the category of
the most frequently detected EDCs and PPCPs. In the thirteen EDCs and PPCPs most frequently
detected in the surface water samples, most of them were also detected m over 20% of the
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finished drnking water samples. Thirdly, the detected concentrations were generally higher n
the surface water samples than those in the finished drinking water samples. Fmally, clofibric
acid, diethylstilbestrol (DES), prednisone, and 2 4,6-trichlorophenol were not detected in the
surface water samples but were detected in the fimshed drinking water samples.

Table 1. Most frequently detected EDCs and PPCPs in the finished drinking
water samples

Analvie MEL Total Positive Conc.

T ng/L Sample Sample ng/L
Caffeine 50 122 25 50-630
Carbamazepine 1.0 122 51 1.0-296
Cotimine 1.0 122 74 1.2-179
DEET 5.0 122 47 5.0-445
Estrone 0.3 205 42 0.5-387
Gemfibrozil 0.5 150 41 0.5-13.4
Galaxolide 10 77 44 10.1-1928
Nicotime 5.0 122 43 5.0-058
Paraxanthine 5.0 122 30 5.8-114

Table 2. Frequently detected EDCs and PPCPs in the finished drinking
water samples

\nalvie MREL Total Positive Conc.

e ng/L Sample Sample ng/L
Acetaminophen 5.0 122 19 5.0-239
Aspirmn 50 144 10 57.2-105
Dilantimn 2. 150 16 2.0-188
Diltiazem 1.0 122 14 1.5-523
17p-Estradiol 5 205 15 0.6-1.5
Lincomycin 0.1 122 15 0.1-85
MMonensin 0.1 116 17 0.1-56.0
Naproxen 20 150 12 20238
Progesterone 0.1 205 28 01-17
Sulfamethoxazole 20 150 17 2.2-152
Theobromine 50 122 15 50.8-315
Theophylline 5.0 150 12 5.2-502
Tonalid 10 77 13 10.0-232
Trimethoprim 1.0 122 15 1.0-154
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Table 3. Least frequently detected EDCs and PPCPs in the finished drinking

water Sﬂ.]IIPlEE

\nalvte MEL Total Positive Conc

o ng'L Sample Sample ng/'L
Azithronrycin 1.0 122 3 255-108
Bezafibrate 0.3 150 1 038
Bisphenol A 100 156 3 131-515
Chloramphenicol 30 150 2 5.8-6.0
Clofibric acid 0.3 150 2 0.7-08
Diclofenac 0.3 150 2 16-18
Diethylstilbestrol (DES) 0.3 205 1 1.1
17u-Estradiol 0.3 205 2 0.5-10
17a-Ethynylestradiol 0.5 205 7 06-14
Fluoxetine 1.0 122 ] 1.2-199
Tbuprofen 50 150 7 128-178
Nonylphenol 500 156 5 500-2.525
Phenylphenol 100 156 3 107-111
Prednisone 20 150 1 23
Sulfadimethoxine 0.1 122 4 0.2-15
Sulfamethazine 1.0 122 3 1.0-1.5
Sulfamethizole 50 150 4 6.8-8.7
cis-Testosterone 0.1 205 2 0.6-2.0
trans- Testosterone 0.1 205 ] 0.1-0.8
2.4 6-Trichlorophenol 100 155 3 160-380

Table 4. Non-detected EDCs and PPCPs in the finished drinking water

samples
Analvte EEE,H‘ Analvte MRL
. ng'L . ng/L
Estriol 0.5 Narasin 0.1
4-n-Octylphenol 500 Oleandomycin 1.0
4-tert-Octylphenol 300 Cnoytetracyclne 00
Pentachlorophenol 100 Penicillin G 20
Tetrabromobisphenol A 100 Penicillin V 20
Amoxicillin 50 Ronithronyein 1.0
Antipyrine 1.0 Salimonryvein 0.1
Bacitracin 500 Simwvastatin 1.0
Carbadox 30 Sulfachloropyridazine 3.0
Chlorotetracycline 50 Sulfadiazine 50
Ciprofloxacin 50 Sulfamerazine 50
Doxycycline 30 Sulfathiazole 3.0
Enrofloxacin 500 Triclosan 50
Erythromycin 10 Tylosmn 1.0
Lasalocid 1.0 Virginianrycin M1 1.0
Levothyroxine 20
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Table 5. Most frequently detected EDCs and PPCPs in the surface water

samples

\nalvte MEL Total Positive Conc.

o ng/L Sample Sample ng'L
Acetamunophen 5.0 63 15 5.0-784
Caffeine 50 63 20 50-1,516
Carbamazepme 1.0 63 44 1.0-322
Cotinine 1.0 63 53 1.0-233
DEET 5.0 63 45 5.0-400
Diltiazem 1.0 63 14 1.0-210
Gemfibrozil 0.3 52 20 0.5-1.530
Galaxolide 10 40 39 10.5-3 811
Lincontycm 0.1 63 19 0.1-1.8
Nicotine 5.0 63 40 5.3-199
Paraxanthine 5.0 63 34 3.8-347
sulfamethoxazole 20 63 31 5.1-680
Trimethoprim 1.0 63 3 1.0-406

Table 6. Frequently detected EDCs and PPCPs in the surface water samples

Analvie MEL Total Positive Conc.

o ng’L Sample Sample ng/L
Aspirin 50 32 ] 58.6-330
Bisphenol A 100 82 3 110-5300
Dilantin 2. 63 7 200-813
17p-Estradiol 0.5 67 3 0.5-145
Estrone 0.5 67 0 0.5-182
Fluoxetine 1.0 63 ] 1.1-378
Monensin 0.1 59 3 0846
Naproxen 2.0 32 8 2.1-263
Nonylphenol 00 82 g 304-3,305
Progesterone 0.1 67 8 0.1-0.7
Sulfadimethoxine 0.1 63 8 0.1-1.3
trans-Testosterone 0.1 67 8 0.1-0.6
Theobromine 50 63 4 G8.4-406
Theophylline 3.0 52 3 59-200
Tonalid 0 40 3 10.1-367
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Table 7. Least frequently detected EDCs and PPCPs in the surface water

samples

Analvte MEL Total Positive Conc.

o ngL Sample Sample ng'L
Azithronvein 1.0 63 2 115-221
Bezafibrate 0.5 32 | 18
Chloramphenicol 3.0 a2 1 8.0
Diclofenac 0.3 52 2 15.7-342
1 Ta-Estradiol 0.5 67 3 0.7-10.7
17o-Ethyvnylestradiol 0.5 67 2 0.6-72
Tbuprofen 30 32 2 37.0-220
Lasalocid 1.0 63 2 49-121
Levothyroxine 20 62 1 83
4-n-Octviphenol 00 82 1 1.300
4-tert-Octylphenol 500 82 1 253
Phenvlphenol 100 82 4 101-218
Simvastatin 1.0 63 1 28
sulfamethazine 1.0 63 3 1340
sulfamethizole 5.0 63 1 8.2-177
cis-Testosterone 0.1 67 3 0.2

Table 8. Non-detected EDC

5 and PPCPs in the surface water samples

Analvte T‘E.{L Analvyte MBL

: ng/L : ng'L
Estriol 0.5 Oleandonycin 20
Pentachlorophenol 100 Ongytetracychne 20
Tetrabromobisphenol A 100 Penicillin G 1.0
Amoxicillin 50 Penicillin V 0.1
Antipyring 1.0 Prednisone 2.0
Bacitracin 500 Roxithronrycin 1.0
Carbadox 50 Salinonmyeim 5.0
Chlorotetracycline 50 Sulfachloropyridazine 5.0
Ciprofloxacin 50 Sulfadiazine 5.0
Clofibric acid 0.3 Sulfamerazine 2.0
Diethylstilbestrol (DES) 0.5 Sulfathiazole 3.0
Doxyeyeline 50 Triclosan 5.0
Enrofloxacin 500 Tyvlosin 1.0
Erythromycin 1.0 Virgindanvycin M1 1.0
INarasin 300 2,4,6-Trichlorophenol 100
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CONCLUSIONS

This paper reported the screening results of 74 EDCs and PPCPs m surface water and finished
drinking water samples. The most frequently and frequently detected EDCs and PPCPs provided
vseful mformation for developing a representative and meaningful list of EDCs and PPCPs for
fiture studies, which may melude: assessment and fate of EDCs and PPCPs in raw and finished

drinking water, control and removal of EDCs and PPCPs, human health effects and ecological
mpacts of EDCs and PPCPs, and inter-laboratory study on method performance evaluation.
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What are Emerging Contaminants?

» Perfluorochemicals/Perfluorosurfactants (PFCs)

— Perfluoro-n-octanoic acid (C8, PFOA), perfluoro-1-
octanesulfonate (PFOS), perfluoro-n-butanoic acid (C4, PFBA),
etc.

+ Blue-Green Algal/Cyanobacterial Toxins
— Microcyctins, cylindrospermopsin, saxitoxins, etc.

* Flame Retardants

— Brominated flame retardants: Polybrominated diphenyl ethers
(PBDESs), polybrominated bisphenol A (PBBs), polybrominated
phenols, etc.

— Phopshate flame retardants: Tris(2-chloroethyl) phosphate
(TCEP), tris(chloropropyl) phosphate (TCPP), tris(2,3-
dibromopropyl) phosphate (TDBPP), etc.

Underwriters
Laboratories

What are Emerging Contaminants?

+ Endocrine Disrupting Chemicals (EDCs)

* Pharmaceuticals and Personal Care Products
(PPCPs)/Pharmaceutically Active Compounds
(PhACs)

Underwriters
Laboratories
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What are EDCs?

Human hormones

Estrogenic pharmaceuticals

— Used for anti-nausea, premature labor prevention, ovalation
inhibition, and hormone replacement therapy.

Nonylphenols and octylphenols

— Microbial degradates of nonionic surfactant alkylphenol
ethoxylates

Bisphenol A

— Used in the synthesis of epoxy resins and polycarbonate plastics.
Other potential endocrine-mediated active phenols

Pesticides and herbicides

Underwriters
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What are PPCPs?

« Prescription and non-prescription human drugs and
antibiotics

« Drugs used in hospitals
« Veterinary drugs and antibiotics

« Drugs and antibiotics used for animal feeds and fish
hatcheries

« Antimicrobials and fragrances used in personal care
products (PCPs)

Underwriters
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Sources of EDCs and PPCPs

Industrial and municipal wastewater discharge, raw
sewage waste disposal and overflow, and septic tanks.
— Excretion, bathing, disposal of medications, cleaning, etc.

Treated sewage sludge used as fertilizers

PPCPs also originate from other sources.

— Farm animal feed (cattle, poultry, swine, etc.), fish hatcheries,
landfill runoff, etc.

EDCs also originate from pesticide applications

Underwriters
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Why do we analyze EDCs and PPCPs?

+ EDCs and PPCPs have been detected in a variety of
water matrices.

« The removal efficiency of EDCs and PPCPs is largely
unknown.

— Sewage and drinking water treatment systems are not well
engineered or equipped for the removal of EDCs and PPCPs.

» The fate of EDCs and PPCPs in the environment is
poorly understood.

— PPCPs tend to dissolve easily in water and do not evaporate at
normal temperature of pressure.
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Why do we analyze EDCs and PPCPs?

« The side effects on human health are poorly understood.
— Steroidal estrogens are known to be human carcinogens.

— Estrogens cause developmental/reproductive problems in
humans.

« The impacts on ecological systems are largely unknown.
— Estrogens cause reproductive abnormalities in wildlife.

+ Drug-resistant bacteria - Superbugs K
— Streptococcus pneumoniae bacteria ; g
— Golden Staph bacteria
— VRE bacteria

Underwriters
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A Screening List of EDCs and PPCPs

« 17 EDCs and 57 PPCPs were selected.

* The list was based on:

— EDCs and PPCPs from the research reports of USGS
EDCs and PPCPs studied by other research groups
EDCs and PPCPs frequently detected in various waters
EDCs and PPCPs requested by clients
Availability of standards
— Analytical performance issues

Underwriters
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Analytical Methodologies

+ L200 for phenolic EDCs
— SPE sample preparation
— LC/ESI/MS in negative ion mode
— Internal standard calibrations

« L211 for hormone/estrogen EDCs
— SPE sample preparation
— LC/ESI/MS/MS in positive and negative switching ion modes
— Internal standard calibrations

Underwriters
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Analytical Methodologies

+ L220 for PPCPs
— SPE sample preparation
— LC/ESI/MS/MS in positive ion mode
— Internal standard calibrations

« L221 for PPCPs
— SPE sample preparation
— LC/ESI/MS/MS in negative ion mode
— Internal standard calibrations

« S170 for fragrances (galaxolide and tonalid)
— SPE sample preparation
— GC/MS and internal standard calibrations

Underwriters
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Analytical Results

— Detected in over 20% of the samples

— Detected in 5-20% of the samples

* Non-detected EDCs and PPCPs

Underwriters
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Most frequently detected EDCs and PPCPs

Frequently detected EDCs and PPCPs

Least frequently detected EDCs and PPCPs
— Detected in less than 5% of the samples

Most frequently detected EDCs and PPCPs in
finished drinking water

Analyte MRL Total Positive Conc.

(nglL) Sample Sample (ngiL)

Caffeine 50 122 25 50-639
Carbamazepine 1.0 122 51 1.0-296

Cotinine 1.0 122 74 1.2-18
DEET 5.0 122 47 5.0-445
Estrone 0.5 205 42 0.5-39
Gemfibrozil 0.5 150 41 0.5-13
Galaxolide 10 77 44 10-1,926
Nicotine 5.0 122 43 5.0-96
Paraxanthine 5.0 122 30 5.8-114
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Frequently detected EDCs and PPCPs
in finished drinking water

Analyte MRL Total Positive Conc.
(ngiL) Sample Sample (ng/L)

Acetaminophen 5.0 122 19 5.0-24
Aspirin 50 144 10 57-105
Dilantin 2.0 150 16 2.0-188
Diltiazem 1.0 122 14 1.0-52
17p-Estradiol 0.5 205 15 06-1.5
Lincomycin 0.1 122 15 0.185
Monensin 0.1 116 17 0.1-56
MNaproxen 20 150 12 2.9-24
Progesterone 0.1 205 28 0.11.7
Sulfamethoxazole 2.0 150 17 2.2-152
Theobromine 50 122 15 51-315
Theophylline 5.0 150 12 5.2-50
Tonalid 10 if§ 13 10-232
Trimethoprim 1.0 122 15 1.0-15

Underwriters
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Least frequently detected EDCs and PPCPs
in finished drinking water

Analyte MRL Total Positive Conc.
(ng/L) Sample Sample (ng/L)
Azithromycin 1.0 122 3 26-108
Bezafibrate 0.5 150 1 0.8
Bisphenol A 100 156 3 131-515
Chloramphenicol 5.0 150 2 58-6.9
Clofibric acid 0.5 150 2 0.7-0.8
Diclofenac 0.5 150 2 1.6-1.8
Diethylstilbestrol (DES) 0.5 205 1 1.1
17a-Estradiol 0.5 205 2 0.5-1.9
17u-Ethynylestradiol 0.5 205 7 0.6-1.4
Fluoxetine 1.0 122 5 1.2-20
Ibuprofen 50 150 7 128-178

76




NEMC 2008

Least frequently detected EDCs and PPCPs
in finished drinking water

Analyte MRL Total Positive Conc.
(ng/L) Sample Sample (nglL)
Nonylphenol 500 156 5 509-2,525
Phenylphenol 100 156 3 107-111
Prednisone 2.0 150 1 23
Sulfadimethoxine 0.1 122 4 0.2-1.5
Sulfamethazine 1.0 122 3 1.0-1.5
Sulfamethizole 5.0 150 4 6.8-8.7
cis-Testosterone 0.1 205 2 0.6-2.0
trans-Testosterone 0.1 205 8 0.1-0.8
2,4,6-Trichlorophenol 100 150 3 169-389
® =
Laboratories
Non-detected EDCs and PPCPs
in finished drinking water
Analyte MRL Analyte MRL
(ngiL) (ngiL)

Estriol 05 Marasin 01
4-n-Octylphenol 500 Oleandomycin 1.0
4-tert-Octylphenol 500 Oxytetracycline 500
Pentachlorophenol 100 Penicillin G 20
Tetrabromobisphenol A 100 Penicillin V 20
Amoxicillin 50 Roxithromycin 1.0
Antipyrine 1.0 Salinomycin 01
Bacitracin 500 Simvastatin 1.0
Carbadox 50 Sulfachloropyridazine 5.0
Chlorotetracycline 50 Sulfadiazine 50
Ciprofioxacin 50 Sulfamerazine 5.0
Doxycycline &0 Sulfathiazole 5.0
Enrofloxacin 500 Triclosan 50
Erythromycin 1.0 Tylosin 1.0
Lasalocid 1.0 Virginiarmycin M1 1.0
Levothyroxine 1.0
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Most frequently detected EDCs and PPCPs in

surface water

Analyte MRL Total Positive Conc.

(ng/L) Sample Sample (ng/L)

Acetaminophen 5.0 63 15 5.0-78
Caffeine 50 63 29 50-1,516
Carbamazepine 1.0 63 44 1.0-522

Cotinine 1.0 63 53 1.0-23
DEET 5.0 63 45 5.0-400
Diltiazem 1.0 63 14 1.0-210
Gemfibrozil 05 52 29 0.5-1,530
Galaxolide 10 40 39 10-3,811
Lincomycin 0.1 63 19 0.1-1.9
Nicotine 5.0 63 40 5.3-199
Paraxanthine 5.0 63 34 5.8-547
Sulfamethoxazole 2.0 63 31 5.1-680
Trimethoprim 1.0 63 15 1.0-406

Frequently detected EDCs and PPCPs
in surface water

Analyte MRL Total Positive Conc.
(ng/L) Sample Sample (ngiL)
Aspirin 50 52 6 59-339
Bisphenol A 100 82 5 110-500
Dilantin 2.0 63 7 200-813
17[-Estradiol 0.5 67 5 0.5-14
Estrone 05 67 9 0.5-192
Fluoxetine 1.0 63 6 1.1-38
Monensin 0.1 59 3 0.8-4.6
Naproxen 2.0 52 8 2.1-263
Nonylphenol 500 82 9 504-3,305
Progesterone 0.1 67 8 0.1-0.7
Sulfadimethoxine 0.1 63 8 0.1-1.3
trans-Testosterone 0.1 67 8 0.1-0.6
Theobromine 50 63 4 68-406
Theophylline 5.0 52 3 59-21
Tonalid 10 40 3 10-367
Underwriters
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Least frequently detected EDCs and PPCPs

in surface water

Analyte MRL Total Positive Conc.
(ngiL) Sample Sample (ngiL})
Azithromycin 10 63 2 115221
Bezafibrate 05 82 1 18
Chlorarmphenicol 5.0 52 1 8.0
Diclofenac 0.5 52 2 16-34
17a-Estradiol 05 67 3 0.7-11
170-Ethynylestradiol 05 67 2 06-7.2
Ibuprofen 50 52 2 57-220
Lasalocid 10 63 2 4912
Levaothyroxine 20 62 1 83
4-n-Octylphenol 500 82 1 1,300
4-tert-Octylphencl 500 82 1 253
Phenylphencl 100 82 4 101-218
Simvastatin 1.0 63 3| 28
Sulfamethazine 1.0 63 3 1.3-40
Sulfamethizole 5.0 63 1 82
cis-Testosterone 0.1 67 3 0.2
® ==
Laboratories
Non-detected EDCs and PPCPs
in surface water
Analyte MRL Analyte MRL
(ng/L) (ng/L)
Estricl 05 Cleandomycin 20
Pentachlorophenol 100 Oxytetracycline 20
Tetrabromobisphenol A 100 Penicillin G 1.0
Amoxicillin 50 Penicillin V 01
Antipyrine 1.0 Prednisone 20
Bacitracin 500 Roxithromycin 1.0
Carbadox 50 Salinomycin 5.0
Chlorotetracycline &0 Sulfachloropyridazine 5.0
Ciprofloxacin 50 Sulfadiazine 50
Clofibric acid 0.5 Sulfamerazine 20
Diethylstilbestrol (DES) 0.5 Sulfathiazole 5.0
Doxycycline 50 Triclosan 50
Enrofloxacin 500 Tylosin 1.0
Erythromycin 1.0 Virginiamycin M1 1.0
Marasin 500 2,4 6-Trichlorophenol 100
Underwriters
Laboratories
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Conclusions

« The results obtained from the finished drinking water
samples were generally consistent with those obtained
from the surface water samples in terms of the frequency
of the samples detected positively.

» The detected PPCPs and their concentration levels are
generally consistent with the results from other reports.

* 50% or less of the studied EDCs and PPCPs were
detected in 5% or more of the surface water and finished
drinking water samples.

Underwriters
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Conclusions

« More analytes were detected in the surface waters in the
category of the most frequently detected EDCs and
PPCPs. Most of them were also detected in over 20% of
the finished drinking waters.

* The detected concentrations were generally higher in the
surface waters than those in the finished drinking waters.

» The positive results indicate that the current drinking
water treatment systems are not very effective for the
removal of a number of EDCs and PPCPs.
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Conclusions

» The most frequently and frequently detected EDCs and
PPCPs provided useful information for developing a
representative and meaningful list of EDCs and PPCPs
for future studies.

— Occurrence assessment and fate of EDCs and PPCPs in raw
and finished drinking water

— Control, removal, and modeling of EDCs and PPCPs

— Human health effects and ecological impacts of EDCs and
PPCPs

— Inter-laboratory study on method performance evaluation.
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ABSTRACT

The analysis of “emerging contaminants™ (ECs) has shown a considerable mterest in the field of
environmental research. This increase of interest was sparked by two factors: first, new
analvtical tools (GC/MSMS or LOMSNMS) with sub-ppb detection capability and second,
concerns about adverse effect on human health and wildlife. ECs comprise a large selection of
chemicals such as pharmaceuticals, veterinary dmigs, nanomaterials, personal care products and
household chemicals. As it can be seen those chemicals differ from the familiar pollutants such
as pesticides, dioxins, heavy metals, polyeyelic aromatic hydrocarbons (PAHs) and
polychlormnated biphenyls (PCB’s). In the early 90°s, European scientists identified trace amount
of pharmaceutical drugs in surface and ground waters. This prompted national wide surveys m
Europe and America. The results showed over 100 such contaminants at un-expected ppb levels.
ECs are defined as pollutants that are not currently registered in a routine monitoring program.
The selection of candidates for future regulation will depend on toxicity research, potential
health issues, their persistence m the environment and last, public awareness.

The maimn disadvantage with current drinlang water methods 15 the amount of manual labor
{several hours to days) needed to produce an 1deal sample for LOMSMS. It often requures to
process large volume of sample between 1 and 20 liters to ensure a high ennichment ratio for
trace level analysis (sub-ppb). As an example, a typical extraction method usually starts with a
500 mL of samyple and ending up with a final volume of a 100 ull (5 000: 1 ennchment ratio). If
higher sensitivity is required, the only alternative left is to process larger sample volume, but will
require an mcrease in manual labor. With an auwtomated platform small injection volumes (< 20
mlL) are mjected onto an extraction column (reversed-phase polymer sorbent, 30 um) with a high
agueous flow rate. Weak interferences are removed from the extraction column with a mild
organic wash. The automated analysis is continued with the elution of the trapped analytes on
the extraction columm toward a focusing column (reversed-phase hybrid silica, 3.5 um) using a
back flush method and detection by MS/MS.

This presentation will discuss the performance of ON-line SPETC/MSNS for the analysis of
emerging contaminants such as, pharmaceuticals, veterinary drgs and personal care products, m
drinking water. One major advantage is the reduction of sample volume from 1 liter to a 20 mL
sample. With a 1 000:1 enrichment factor, the linuit of detection (LOD) was measured at 10 ppt.
In practical terms, manual labor required to process one samyple was limited to simply filling a 20
mL vial. Owverall, the extraction protocol was reduced from 3-5 hours to less than 5 munutes.

The analysis time is typically less than 20 minutes.

NEMC 2008
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“Emerging contaminants
(ECs) are chemicals that

recently have been shown to

occur widely in water
resources and identified as
being a potential
environmental or public
health risk”

December 2007

US EPA Method 1694
Pharmaceucticals and personal care
Products in water, soil, sediment and
Biosolids by HPLC/MS/MS

Emerging Contaminants

*Human Pharmaceuticals +*Personal Care Product

Painkiller Sunscreen
Antibiotics Cosmetics
Antibacterials Skin lotion
Antidiabetics Beauty cream
B-Blockers Hair spray
Contraceptives Hair dyes
Illicit drugs Shampoos

*Benzotriazoles
Anticorrosive agents
Engine coolants
Aircrafts deicers
Antifreeze liquids

sAlgal toxins
Microcystins

Antidepressants
Impotence drugs
Lipid regulators
Barbiturates
Tranquilizers
Opicids
Antiepileptics
Over-the-counter drugs
*Hormones
Estrogen
Veterinary Pharmaceuticals
Antibiotics
Antibacterials

Raw sample:

- Caco-2, microsomes, P450,
hepatocytes ... etc

- Tissue, CSF, plasma, serum
urine, tears ... etc

- water, sediment, food ... etc

.

Extracted sample
For LC/MS/MS

Ideally, the final sample should
be as clean as a non-extracted

standard.

Polarity: Source:
Silica- Cyg, Cg, Cy, G, ESI
Hybrid- Cyg, Cg, C4, Cy APcI
Polymer- Cyq, Cq, Cy, C; Nano-ESI
Embedded polar group Mass
Cyano, Phenyl analyzers:

Particle size:
1.8,2.5,3.5,50r8 ym

magnetic sectors
electric sectors

Internal diameter: time of flight
4.6, 3.9, 2.1, 1.0, quadrupole
0.32 mm and 75 um ion trap
Length: FT-ICR

150, 100, 50, 30, 20 mm
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Collection s Sample == Analysis ==—p Results
Preparation

- gl(tration Qualitalativ]e

- Extraction Quantitative

- Clean up LC/MS || prsD’s > 15 % +
- Concentration GC/MS

- Derivatization LC/MS/MS
GC/MS/MS

iLto 20 L l’
- Manual Work Automated System
- Hours to days

- Consumable - Disposable
- Sample storage

- Lab space

— - Additional Equipment:

- Glass ware
- Manifold

- Evaporator

- Sample container
- Shipping container

- Shipping cost

Volume f ] ] ! T ] T T ] T |
A\"ailabilitv 1uL S0ul 100 ul. 500 ul I mL 5 mL 10 mL 50 mL 100 mL 500 mL 1L
Condition/Equilibrate
T
— 10 x 100 x 1000 x
4
— Final extract volume 1mL — inject 30 — 50 pL

1000x 100x il lMethOd LOQ
Target l l l

I 1 | | ] | I ] | | 1
LOQ Ing/l.  10ngL 100ngL lugL 10ug/L 100ugl Imgl 10mglL 100mgl lgL  10gL

1 Instrument LOQ
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Off Line Sample Preparati n

Extr sHionProtocos.

Barrels or Syringe [ PrecPare Sample J
adjust to pH 3

3 mL methanol/3 mL water

oEEEm

| Wash

L B »
00 oW
el L[ [T TR —

For GC analysis, dry extract
over Na,S0O,, then adjust to 1mL

( Condition}EquilibrateJ

—

For LC analysis, exchange
to acetonitrile, then adjustto 1
mL

To On-Line Automation
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Volume [ ] | ] T | ] | ] ] 1
Availahi]it\’ 1 ul. 50 ul. 100 ul. 500 ul. 1 mL 5mlL 10 mL 50 mL 100 mL. 500 mL 1L
y — =
Condition/Equilibrate Y
= '
)
4 : Final extract volume is O (mL, pL, nL ... ?)
| —> Analytes are trapped on Extraction Column
Direct elution to HPLC Column
Off Line SPE Extraction LC/MS Analysis
500 mL. =—— 1 mL final — 30-50 pL
(starting volume) (elution volume) (injection volume)
- - 30 uL — 1/33% of original vol 15.0 ml
e Xr Lk (257 0l onginal volume 2.0 mL

50 L. — 1/20% of original volume — 25.0 mL

500:1 enrichment

V:s"_‘ls System

Collection=—p Sample =P AnalysiS ===p Results
Preparation

ON-line SPE/LC/MS/MS

Qualitative
Quantitative

RSD's < 15 %

20 mL

- Sample container Integrated System

- Shipping container - Fully Automated - no manual work

- Results in minutes instead of hours/days
- Reusable chemistries - longer cycle time
- Reduction of sample storage space

- Minimum lab space required

- No additional equipment needed

- Reduction of analytical costs

- Shipping cost
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Two Step Protocols (TiSP)

A- Sequential SPE (1-1. 1-0)

B- Parallel SPE (2-1)

C- Parallel LC (1-2)

D- Parallel SPE/LC (2-2)

E- Staggered sequential SPE/LC (4-4) or (8-8)

Multiple Step Protocol (N > 2) (MiSP)

A- Sequential® SPE (1-1)

B- Parallel™ SPE (2-1)

C- Parallel™ LC (1-2)

D- Parallel™ SPE/LC (2-2)

E- Staggered™ sequential SPE (4-4) or (8-8)
F- Parallel¥ SPE (6-1)

G- Parallel™ SPE/LC (6-2)

Isocratic pumps.

Overview:

*= Load & shoot protocols only

* Limited selection of chemistries
= High matrix effects

= Limited to simple matrix

* Low column life expectancy

Overview:

= High effenciency extraction protocols
= Pre-elution wash steps

= Post extraction re-conditioning

= Low matrix effects

= High column life expectancy

= Lower detection limits
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ParallelN extraction (2-1) configuration

Flush: 50/50 Acetonitrile/ Acetone
Rec A: 20/80 Acetone/Ethyl acetate
Rec B: 20/80 Acetone/Hexane

extraction column A

: ===
Loading l X ' /
Pump N\ P 4 waste
Line A:
100 % H,O + Additive
Line B:
100% MeOH \
Eluﬁon / : X :_’ Mass
Pump [ ] - Spectrometer
Line A: . 18
100 % H20 + Additive extraction column B Column
Line B:

70/30 ACN/MeOH +Additive

Acquisition
Start . ayi o
Elution Re-equilibration
loading l
Extraction
> H ar § - t
2min per SmL SPE - Solumn
ik 95% A
wash 4
5%
r T T T T T T T Time
-6.00 400 200 O 1.00 2.00 3.00 4.00 438 5.00 6.00
f
4.|04
T T T T T T T T T Time
1.00 2.00 3.00 4.00 5.00 6.00
; Extracti
Flush Recond Flush Re-equilibration LSRRI
Column
"
v S i S T e Tine:
1.00 200 3.00 4.00 500 5.00
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18 T Theory

16 +Acids (HA)

14 T ;
12 ++ Neutrals ki
¥ 10 T
8 -

6__

(pka=9.0)
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pH

Recommended pH range of Silica

= |
AE

- N2 e o
W

pH range for polymer and hybrid silica

Wash with
2% NH,OH in MeOH/Water 2% CH,COOH in MeOH /Water

nnnnn CELLLELERE
11 AL

Minimum % Methanol Elution

Maximum % Methanol Was/ %/

Neutra;l Conditions Iomzed Conditions

3a==§55

ITILIEIT
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Mild Wash

Peak 1: Norverapamil
Peak 2: Verapamil
Peak 3: Methoxy-verapamil (I.S.)

Optimized Wash

Hi pH

Lo pH

Lo pH

Load

% Org

@ Elute

Load

Hi pH 19 'GD
oy
5%

\ W Org

@ Elute

472 253.3> 159.1
10 2.30e4

|‘ 625"

LI AN
4.00 500 \a_uo !
Cimetidine (anti-acid) el !

713

MRM of 8 Channels ES+
TIC

oOTC 1.54e5
Dextromethorphan

Chlorpheniramine

Diphenihydramine

Topolidine

Terbinafine

Clomitrazole

Miconazole

Cimetidine

Ranitidine

2.00 4.00
32525 109

8.84e4 659

] |
550 600 650
Citolapram (SSRI)

700 750

12,00 14.00

MRM of 11 Channels ES+
TIiC

10.00

Antidepressant
Amytrptyline
Imipramine
Carbamazepine
Sertraline
Clomipramine
Citolapram
Paroxetine
Fluoxetine
Diltiazem
Alimemazine
“E‘,-LU? Mianserine

1.83e5

Time

2.00 4.00
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MRM of 11 Channeis ES+

MRM of 9 Channels ES+

1007 Ton .89 306 > 275 5 St
| Inj. #1 4.70e4 100 4 26335 159,
|
n E a =
o T T T T T T T T N
250 500 750 1000 1250 ¢ TSRO LB '
2.50 5.00 7.50 10.00 1250
_— MRM of 11 Chaggg‘i EJ?* MRM of 8 Channels ES+
100—.: Inj. # 500 [ 4.78e4 100 4re 25332 160
' =
o T T T T ) T T T T T Time o ¥ Ti
25 500 750 1000 1250 TT280 | 500 | 750 1000 1280
Sertraline (N = 10) Cimetidine (N = 10)
0,
Rt 6.86  0.17% Rt 474 0.5%
P 0,
Area 2037 10.2% Area 2074 8.6%

OTC

Coefficient of Determination: R"2 = 0.998657
Curve type: 2nd Order, Weighting: 1/x

24000-
22(!:!’()r
ZUWO:
13000:
13()0‘!)r
§ 14000-
@® 12000

10000+

Antidepressant

Coefficient of Determination: R*2 = 0.999660
Curve type: 2nd Order, weighting: 1/x

x
7000
6000
5000-
g 4000
i
3000
i G )ﬁ’/ Agingeg,
HN o T . .
CH, 1000- \“a
Sertraline (SSRI) Cimetidine (anti-acid)
200 = 400 = 800 800 1000 nu'gw'qéo'aéo'aéo 1000
ppt ppt
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Study was conducted with 10 sources of
potable water from surroundlng areas

— Town el ot e e c

— Well ;

— Bottled I

% /" Rhode uF'T,RM'\
_Connectlcut et Jsland  new

¢ 5 i Bedford
H . s .

WEH #1 MRM of 10 Channels ES+
2722> 1471
100 812

750 1000 1250
MRM of 10 Channels ES+
7.87 2722> 1471
1007 well # 2 17263

< 1 ppt
o PP

 FTRR Mh.w.MMWme.w

"T280 500 750 1000 1250
MRM of 10 Channels ES+
100, Bottle Water 2722> 147.1

&3 Dextromethorphan
- PRI MUMMLW

(Cough suppressant)
""250 500 7850 1000 1260

HE—0

MRM of 10 Channels ES+

7.89 272 1471

100 Standard % 1.76e5
= 10 ppt

i} — - — BOABARASA: hans' Time

250 5.00 7.50 10.00 12.50
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MRM of 10 Channels ES+

MRM of 10 Channels ES+

2722>1471 : 2722> 1471
100y Town # 1 | agp 100] Town # 4 16454
ND 1 <1ppt
m F | | |
JJ_ | —
TR e b dhande
250 500 750 1000 1250 2'50 500 | 750 | 1000 1250
MRM of 10 Channels ES+ MRM of 10 Channels ES+
100 7.87 2722> 1471 100 2722> 1471
Town # 2 5.38e3 Town#ﬁ 971
o ! N\‘i i
1
! o e MMMM&M it
AT e o e r :
250 500 750 1000 1250 250 500 1000 1250
MRM of 10 Channels ES+ MRM of 10 Channels ES+
7. > 1471 T2 47.1
1001 Town # 3 el 00 TOW“#G A e
J < 1ppt 7.87 ;
|
; WMWJMMMW , wl,w.«wm{l
500 | 750 1000 1250 "500 | 750 1000 1250
MRM of 10 Channels ES+ MRM of 10 Channels ES+
2722> 1471 2722> 1471
%0 gtandard 176e5 '%%) Town #7 924
s 10 ppt \e; ND M |
s} T -- e r Time
250 500 750 1000 1250 2.50 500 | 7.0 1000 1250

MRM of 10 Channeis ES+

100  Well#1 .67 275.1> 2302
l <1t 3.11e4
] 3".
250 500 750 1000 1250
MRM of 10 Channels ES+
7.87 275.1= 2302
Well # 2 G600t
1 <1ppt
7 - .
2.50 5.00 750 1000 1250
MRM of 10 Channels ES+
10 7.67 275.1> 230.2
"I Bottle Water 188ea
= <1 ppt
0: e - e
250 5.00 750 1000 1250
MRM of 10 Channels ES+
46 7.69 275.1> 230.2
E'| Standard it
& 10 ppt
[ s - e Time
250 500 750 1000 1250
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MRM of 10 Channels ES+ MRM of 10 Channels ES+
7.67 275.1 > 230.2 767 2751 = 2302
103 Town # 1 24204 100 TO;'\m ?4 2.92e4
j <
w2l <1ppt P e
| S ——— — o e -
250 5.00 7.50 10.00 1250 2.50 5.00 7.50 10.00 12.50
MRM of 10 Channels ES+ MRM of 10 Channels ES+
100 7.67 275.1 > 230 2100 767 2751 > 230.2
BJ Town #2 412¢4 T Toun #5 45404
<1 ppt ;P-' <1 ppt
Gi II
7.50 10.00 1250 250 5.00 7.50 10.00 12.50
MRM of 10 Channels ES+ MRM of 10 Channels ES+
7.87 2751> 2302 1007 7.69 275.1= 2302
13265 " Town# 6 hies
gl <1 ppt
s B o r 5 T

750 1000 1250
MRM of 10 Channels ES+

7.50 10.00 12.50
MRM of 10 Channels ES+

100 7.88 275 ‘I; 123252 100 7.67 2751 >1 :&%{;g
Standard -
{10 ppt
1 Aanessaanaanercl T Time

T T T T

25 | 500 750 1000 1250

750 1000 1250

MRM of 10 Channels ES+
1007 Well # 1 887 345> 2771
1 <1ppt 290

ijLLWMW UM@W C

T T  RARAS EAREERESS

250 500 750 1000 1250

MRM of 10 Channels ES+
100, Well # 1 i 1o ke F:::\
1 <1ppt N WN
WMMMMMHMAM«M

T T™
50 5.00 7.50 10.00 1250
MRM of 10 Channels ES+

100, Bottle Water 345> 277 1
{ <1ppt ’ .
W%%M#JWJ-\WM _
- r . Clotrimazole
250 5. 7. 1000 1250 i
MRM of 10 Channels ES+ (Antifungal)
100 899 345> 277.1
Standard 113n4
LI 10 ppt
o 7 T T T T Y T Time

250 5.00 7.50 10.00 12.50
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MRM of 10 Channels ES+

MRM of 10 Channels ES+

100, Town #1 345> 2771 8. 345> 2771
ND 595 2.22e4
i L'-«\Lw
WWWHMWM | |
o T T T T T o T T r e T T T
250 5.00 7.50 10.00 12.50 250 5.00 7.50 10.00 12.50
MRM of 10 Channels ES+ Town #5 MRM of 10 Channels ES+
100 Town #2 345> 2171 400 345> 2771
474 J ND 511
MWMMWNH i " dmu»hwmm
r . T o foee + . -
5.00 7.50 IDOO 1250 250 5.00 10.00 1250
MRM of 10 Channels ES+ MRM of 10 Channels ES+
345> 2771 4 T°W“ #6 345> 2771
\L‘ 355 345
R TR MM T,
A e w i i
500 | 780 | 1000 1280 250 500 | 780 1000 1250
MRM of 10 Channels ES+ MRM of 10 Channels ES+
-] 345> 2771 345> 277.1
19 standard 1124 b 518
) o by PR st
e ok 41
o Y T T v ‘-9‘?.5 u T T T T T Aan) SAREARRAL] T Time
250 5.00 7.50 10.00 12.50 250 5.00 7.50 10.00 12.50

Antidepressant T1 T2 T3 T4 TS Té6 T3 T8 T9 T10
Amytriptyline ND ND ND ND ND ND ND ND ND ND
Imipramine <1.0 1.0 1.0 1.0 <10 <10 ND ND ND ND
Carbamezapine ND ND ND ND ND ND ND ND 16.3 %3
Sertraline ND ND ND ND ND ND ND ND ND ND
Clomipramine 1.0 1.0 10 <10 <1.0 = 1.0 1.0 ND ND ND
Citolapram ND ND ND ND ND ND ND ND ND ND
Paroxetine ND ND ND ND ND ND ND ND ND ND
Fluoxetine ND ND ND ND ND ND ND ND ND ND
Diltiazem ND ND ND ND ND ND ND ND ND ND
Alimemazine 1.55 1.0 1.0 ND ND ND ND ND ND ND
Mianserine ND ND ND ND ND ND ND ND ND ND
MRM of 11 Channels ES+
100 6,57 237>194.2
L. 6.17e3
15 mL injection volume Carbamezapine (anticonvulsant)
16.3 ppt
=
|
186 611 L_e.ss 78153 ) _ _
o T T T T T S T T ™ 1 Time
2.00 4.00 6.00 8.00 10.00 12.00 14.00
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orTC T1 T2 T3 T4 TS T6 T7 T8 T9 T10
Dextromethorphan ND ND 1.0 ND ND ~ 1.0 ND ND ND ND
Chlorpheniramine 150 7.2 8.0 12.2 39 6.6 ND <1.0 <10 ND
Diphenihydramine <10 <10 <10 <10 118 <10 <1.0 1.0 1.0 1.0
Tripolidine <1.0 10.2 11.6 18.2 23 7.4 < 1.0 1.0 ND ND
Terbinafine ND <10 <10 < 1.0 ND ND < 1.0 < 1.0 ND ND
Clomitrazole ND ND ND ND ND ND ND 4.6 <1.0 < 1.0
Miconazole ND ND ND ND ND ND ND ND ND ND
Cimetidine ND ND ND ND ND ND ND ND ND ND
Ranitidine ND ND ND ND ND 1.1 <10 ND ND ND

MRM of 8 Channels ES+

100 6.23 279.3> 2083
15 mL injection volume Tripolidine (allergy) s
18.2 ppt
# “
L "
o T T T - - . - - T 1 Time
2.00 4.00 €.00 8.00 10.00 12.00 14.00

- Fully automated

- Trace level detection (ppt)

- Minimum sample preparation (6 min)

- High reduction of manual labor (80%)

- Wide pH range SPE & LC sorbents

- Wide selection of chemistries available

- High level of reproducibility and robustness
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Load High K’
100% Aqueous

Backflush Elution

Ji
=
@.c
Y LC
B3
SPE g
- 3.5 um Sorbent
30pm Sorbent % \/// Silica-C18
Polymer > Hydrid-C18
Silica-C18 l HILIC
pH 1-14 pH 1-12
Waste Elute Low K’ ESI* MS/MS
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Emerging Organic Pollutants by LC/ESI-MS-MS

Chunvan Hao

Ontano Mindstry of the Environment
125 Resources Road

Erobicoke, O Canada M9P 3VE
416-235-6033

chunyvan hao@ontario.ca

ABSTRACT

The study on emergmg organic pollutants (EOPs) mn the environment has drawn more and more
attention since last decade. Liguid chromatography with electrospray tandem mass spectrometry
(LC/ESI-MS-MS) technique is demonstrated to be a powerful tool for the determination of these
EOPs. However, due to the complex nature of environmental samples, matrix effects are a
common issne in the analysis that is impossible to completely eliminate. In this study, using an
Applied BiosystemsMDS Sciex 40000Qtrap mass spectrometer coupled with an Agilent 1100
liquid chromatograph with electrospray 1onization mnterface, we explored matrix effects during
LC/ESI-MS-MS analysis of EOPs m detail and demonstrated the best approach to compensate
for these effects. Cur experimental results showed matrix effects existed m the form of signal
{electrospray ionization efficiency’) suppression or enhancement, and the level of suppression or
enhancement of certain EOPs was affected by sample tvpe. volume, pH, sample extract storage
time, and the omzation mode employed. Also demonstrated was the use of 1sotope-labeled
analogues provided the best tool to offset matrix effect for native EOPs. With more and more
1sotope-labeled analogues available, the new labor and time-saving strategy is to use isotope-
labeled surrogates to correct for matrix effects and obtain accurate, high-quality analytical data.

NEMC 2008
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Matrix Effects in Liquid Chromatography
Electrospray Tandem Mass Spectrometry
Analysis of Emerging Organic Pollutants

NEMC 2008
Washington DC, USA

Chunyan Hao, Xiaoming Zhao and Paul Yang

Laboratory Services Branch
Ontario Ministry of the Environment
Toronto, Canada

Protecting our environment. g) OntafIO

Laboratory Services Branch
Ontario Ministry of the Environment

The mission of the Laboratory Services
Branch is to be a respected scientific
leader and provider of analytical science
and services to support environmental
programs and regulations for the
purpose of protecting the people and
environment of Ontario.

P - -
Protecting our environwmendt, r Ontano
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Emerging Organic Pollutants (EOPs)

* Occur in the environment as a result of human activities

« Minimal knowledge of their background levels and effects
in the environment and no Ontario guidelines/regulations
are set

+ Anticipated risks for environment and human health —
alone or synergistically

New pollutants New concerns

Unknown issues

Old pollutants

< Efficient, reliable analytical methods are critically needed to
address the occurrence, concentration and fate of these

compounds in the environment

e
Protecting our environmendl. br Onta rlo

Typical EOPs Detected in the Environment

*  PPCPs (Pharmaceuticals and Personal Care Products):
— Defined by chemical classes
— Human & veterinary drugs, diagnostic agents, biologics, nutraceuticals,
fragrances, sun-screen agents, etc.

+  EDCs (Endocrine Disrupting Chemicals):
— Defined by biological effects or mechanisms
— Substances that can act like natural hormones

* Surfactants:
— Perfluorinated surfactants
— Nonylphenol and its ethoxylate isomers

One multi-residual method detects all? \

e
Protecting our environmendl. br Onta rlo

101




NEMC 2008

Solid Phase Extraction (SPE)
— HLB (Hydrophilic-Lipophilic Balance) Cartridges

+ Exhibit both hydrophilic and lipophilic retention characteristics
+ Can retain both polar and non-polar compounds
+ Suitable for acidic, basic and neutral compounds 5

=
> :
Protecting ouwr environment. l’r Onta I'IO

Instrument

HPLC: Agilent HP1100 MS/MS: MDS Sciex 4000
chromatographic separation QTRAP MS detection

HPLC: high performance liquid chromatography MS: mass spectrometry &

=

> :
Protecting ouwr environment. l’r Ontano
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MOE Method E3454

One SPE extraction
Waters Oasis HLB sorbents

PPCP+ PPCP-
HPLC: mobile phase HPLC: mobile phase

MRM: ESI ion mode MRM: ESI ion mode

Hypersil Gold column
(100 x 2.1 mm. 3 um).
flow rate 0.2 mL/min,
gradient elutions

HPLC: mobile phase
MRM: ESI ion mode |

MRM: multiple reaction monitoring; ESI: electrospray ionization

P>
Protecting our environment. ifﬁ-— Ontarlo

2.0e6 q
& 15e6
¥ prce+ LC/ESI-MS-MS
H
i “U Chromatogram
. N A d 16.78
0o AL i 1
1.0eB
g 80 | | PPCP-
j o | 51 EOPs analyzed
s _ﬁgzi! ¥ h »38 PPCPs
oAl - . »10 EDCs
20eb
B e \ EDC- » 3 surfactants
g
:E. 1 0ef |
50e5 I ﬁ
oo ( |L i}
0 5 10 15 0 8

Time, min

=
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Phenomenon 1: Sample Type Effect

200%

—e— oxytetracycline|
—=— |asaloid A

=

= 150%

R7]

=

2

= 100%

L

o=

=

5] L

& 50%

0% T

waste+preservative nanopure+preservative  drinking+preservative

=
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Phenomenon 2: Sample Volume Effect

150%

@400 mL
B 800 mL
=
= 100% ~
R7]
=
b
i
2w
=
O
o
0% -

diethylstilbestrol  roxithromycin sulfathiazole gemfibrozil carbamazepine

=
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Phenomenon 3: Sample pH Effect

@ sulfamethazine
B sulfathiazole

100% |

Relative Intensity %

0%

sulfamethazine sulfathiazole 11

=
> :
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Phenomenon 4: Sample Extract Storage

200%

150% -
= 100% -
B carbamazipine
g 50% o
[*}
2
E 0% —— Nanopure extract|
L 200% —® Drinking extract
=
] 150% 1
a4

100% -

carbodox
50%
0%
week 0 week3 weeks

12

=
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Phenomenon 5: Ionization Mode

CH,
CH, COOH
205/161 [M-H]-/ [M-H-COO]-
H,C
Ibuprofen 207/161 [M+H]*/ [M+H-HCOOH]*
MY 206 .29
200% :
O positive
M nEgatve
=
Ibuprofendata .
Sept-Dec 2005 2 100%
3
5]
~
0% -

13

M
> :
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Electrospray lonization

» Soft ionization: transfer ions from solution to gas phase:

» Charged droplets formed under the effect of a high potential;
droplets shrink: solvent evaporation and uneven fission;
generation of gas phase ions: charge residue or ion evaporation mode;

« lonization efficiency affected by voltage & chemical environment,
eg. pH. solvent. chemical composition. etc.

Capillary tip

M

> :
Protecting our environmendl. br Ontano
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Matrix Effects

Solution Gas-phase
ESI

target compound signal

f

ESI 1onization efficiency (+)
sample type ﬂ

sample volume ~ Mmatrix cl(t)imponent clietnical
= composition =—> :
sample pH CaapOIIIO environment
storage & amount
15
i .
Protecting our environmendl. I’r Ontano

Eliminate Matrix Effects during ESI

» Sample clean-up
* Better separation
« Standard addition: standards under same effects

All need extra work, except

« Isotope dilution: isotope-labelled (\°N, BC & ?H)
standards to compensate for matrix effects

e
Protecting our environmendl. I’r Onta rlo
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Isotope-labelled (**N, 13C & 2H) Standards

« Same chemical nature as native compounds,
but different mass

« Same retention time, different MRM channel

?H,,-carbamazepine, *C,'"N-ciprofloxacin, *C;-ibuprofen,
2H;-ibuprofen, '*C?H-naproxen, H,-progesterone,
13C,-sulfamethazine, *C-sulfamethoxazole,
2H,-acetaminophen, ?H,-clofibric acid. 2H,-diclofenac,
?H,-gemfibrozil, 2H,-indomethacin,

2H,s-bisphenol A, H,-equilin, 2H,-estrone

17

M
> :
Protecting our environmendl. br Onta rlo

Isotope Dilution Correction

—a— Ciprofickacin
8 700% | —=— 13£315N-Ciprofioxacin
500% -
&
> o 500%
o 400%
(7]
g D| 300%
8 %IJ 200%
o <€ 100%
0% +—— —— v —— ,
1 3 8 7 8 11 13 15 17 18 21 23 25 W 29 M 33
120%
mm.ww%‘
80% -
b 6-month average: 102%
0%
20% -
0% | === Caectad Ciprofiacin Recovery% |

1 3 5§ 7 % 11 13 15 17 189 2 23 25 ¥ 29 3 23

M
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BC orH?

120%
100%
B0%
60% |
=) 40% |
<
c\"g 20% —a— Carbamazepine
E.g 0% —a— 2H10-Carb ine
>Q 1 3 5§ 7 8 11 13 15 17 19 21 23 25 27 29 31 33
o | 120%
[SR=""]
©Z
B0 +
6%
A40%
200%

—e— Sulfamethoxazole
oo | —=—13C8-SUI " !

1 3 5 7 8 11 13 15 17 19 21 23 25 27 23 31 33 19

=
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Before or After Extraction

120%

before
| —e— Sulfamethoxazole /
oo —a— 13C6-Sulfamethoxazole

1 3 5§ 7 8 11 13 15 17 18 21 23 25 27r 28 31 33

Recovery %
Aug-Dec 2006

after

20%
10% —e— Sulfamethazine
| == 1308 sutametnazi

1 3 5 7 9 11 13 15 17 18 21 23 25 27 29 31 33

=
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Before or After & Positive or Negative

8 2H3- ibuprofen (+)
| 2H3- ibuprofen (-}
300% - O 13C3-ibuprofen (+)
o BC3-ibuprofen(-)

250% -

200%

1B0% -

Recovery %

50%

0%

ple 1 ple 2 Sample 3 Sample 4 le s

’H, ibuprofen added before extraction
13C, ibuprofen added after extraction

21

"”»-—

}
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Same or Similar Structure

Recovery corrected by Cy-sulfamethazine

120% A
100% A

80% A
60% A
40% -
20% A
0% -

@c"‘” ﬁ@ &@ @s@

|~.
I :
Protecting ouwr environment. b = Ontarlo
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Conclusion

LC/ESI-MS-MS is a %)owerful tool for monitoring
emerging organic pollutants

Isotope-labelled standards can effectively compensate for
matrix effects during ESI

13C & 2H-labelled standards behave similarly, 2H-labelled
standards are economical choice

In a multi-residue method, isotope-labelled standards can
be used to provide more precise and accurate results for
compounds with similar structure

Added before or after extraction, isotope-labelled
compounds always help to increase data quality

=
> :
Protecting ouwr environment. br Onta I'IO

=
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Contamination Reduction for Quantifving Trace Levels of
Perfluorinated Compounds

Peter J. Lee

Waters Corporation

34 Maple Street
Milford, MA 01757
508-482-2827
peter_lee{@waters.com

ABSTRACT

Perfluornated compounds (PFCs) such as perfluorooctanoic acid (PFOA) and perfluorooctane
sulfonate (PFOS) have been used for over 30 vears in various applications including surfactants,
fire fighting foam, surface treatments, and as a polvmerization aid in making
polytetrafluoroethylene (PTFE) and other finoropolymers. PFCs are extremely stable and not
prone to environmental degradation. Long chain PFCs such as PEFOA and PFOS bioaccunmilate
m animals caunsing mmors and disturbing reproductive development. Trace levels of PFCs have
been measured in ground-water, wastewater treatment plants, lake water, the marine
environment, and even m the Arctic. In recent toxicological studies, PEFOA, PFOS and other
PFCs have been detected at parts per billion levels in wildlife tissues and human serum
Consequently, worldwide interest in analyvzing the potential impact of PFCs on human health and
the environment has increased greatly.

One of the most difficult problems in quantifiing trace levels of PFCs in samples 1s background
PFC contammation. Since PFCs are present in many PTFE components used in the separation
system, trace levels of PECs can leach out. In addition, PFCs are also detected in common
HPLC solvents and lab water. Because background PFC confaminants interfere with
quantification, the PFC contaminants mmst be removed m order to accurately quantify frace
levels of PFCs.

In this presentation, the sample preparation and instrument setup for UPLC-MSMS
determination of PFCs in gronndwater, surface water and drinking water will be discussed.
Moreover. the reduction of background PFC contammation to eliminate interference and allow
accurate quantification of trace level of PFCs will be addressed. This approach can facilitate
workflow for analyzing PFCs in emvironmental and biological samples and is easy to be
mmplemented in contract analytical labs, government agencies, clinical and medical research
mstitutions to satisfy legislation concems and protect public health.

NEMC 2008
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Waters

THE SCIENCE OF WHAT'S POSSIBLE”

Contamination Reduction for Quantifying
Trace Levels of Perfluorinated Compounds

NEMC 2008, Washington, DC

Peter J. Lee, Joe Romano, Jeremy Shia, Michael Young,
Alice 1. Di Gioia

Water Corporation
August 14, 2008

22002 Waters Corporatian

THE SCIENCE OF WHAT'S POSSIBLE”

= Needs for perfluorinated compound (PFC) analysis
= Analytical detection method

— Eliminating the interference of PFC contaminants
o Improving quantification accuracy

= System solution
— SPE for sample preparation
— UPLC/TQD
o Analysis of PFC in bottled water
« Water cooler

©2002 Waters Corporaton

113

2z




NEMC 2008

Waters

THE SCIENCE OF WHAT'S POSSIBLE”

= Widespread applications
— Surface treatments, surfactants, firefighting foam

— Polymerization aid in making polytetraflucroethylene
(PTFE) and other fluocropolymers etc.

= Stable and persistent in the environment (POP)
— Bio-accumulative

= Tdentified in environmental samples worldwide :
— Found in arctic polar bears =

— Many Americans have ~5 ppb of PFOA in their blood! "o
= Worldwide interest in PFC analysis '

N NS S r F EFFE FF 3
F 7,
TpofF FF Y 4T g FOFF g F o o ©

PFOA PFOS

©2002 Waters Corporaton 3

THE SCIENCE OF WHAT'S POSSIBLE”

= Mobile Phases
— Water
— Organic solvent
o Methanol

= PTFE components of LC instrument
— Mostly pre-injector
o Solvent lines
o Degasser
o Pump seals

©2002 Waters Corporaton 4
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THE SCIENCE OF WHAT'S POSSIBLE”

100 &
T1C o Before system flushing
100
TIC After system flushing
£] PFO&
PFMNA pepya PFURA
g.DD j 2“50 j 3.'00 j 3.'50 j 4.60 j 4.'50 j S.bD j 5.'50 j 6‘IDD j 6.'50 j 7‘IDD j 7.'50
100
Replaced PTFE solvent lines with PEEK tubes
“ TIC PFOA
.00 2,50 2,00 250 4,00 450 5.00 5,50 &.00 .50 T.o00 7.50

TIC chromatoegrams of 10 MRM channels of blank diluent
(with a 2.1x50mm UPLC BEH C18 column)

©2002 Waters Corporaton 5

THE SCIENCE OF WHAT'S POSSIBLE”

463>369 100 ppt
4 PFOA standard
Background
PFOA
463>369 5 g s
Blank injection
L=

MRM (463> 369) chromatograms

©2002 Waters Corporaton &
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Tnterference’ Waters

THE SCIENCE OF WHAT'S POSSIBLE”

PEEK tubes
for solvent lines

Fixed length
stainless steel tube
(Isolator column to injector)

& PFC Isolator Column

Solvent mixer

Coiled
stainless steel tube &
Mixer to
PFC isolator column

©2002 Waters Corporaton T

Waters
THE SCIENCE OF WHAT'S POSSIBLE”
Analyte
PFOA
1004
300 ppt
PFOA standard
# Background PFOA contaminant
0.5
min
20. o 2.50 3.00 3.50 4.00 4,50 5.00 5‘50 &.00 &.50 F.00 7.50 .00 8.50 9,00
100
Blank Injection Background PFOA contaminant
=
No
peaks
S. o 2,50 3.00 2,50 j.00 4,50 5,00 5.50 6,00 6,50 F.00 T.50 g.o0 2,50 B‘U-E‘me

MRM chromatograms of 463>369 channel

©2002 Waters Corporaton 2
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THE SCIENCE OF WHAT'S POSSIBLE”

1.2 ppb PFOA
PP Analyte
PFOA
100
Before 1,000
. 2| injection series
Background PFOA contaminant
Z.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6,00 6,50 7.00 7.50 800 .50
100
After 1,000
<] injection series
To T zE amo | ake ape | aBe | sho | sEke 6w | eso | T.u0 750 | moo | emo

MRM chromatograms of 463>369 channel

©2002 Waters Corporaton

s

t;."__"_ R

F F
F OH
F < <DH
F n F m || o
F 0 F 0
Carboxylated PFCs Sulfonated PFCs
n=4, PFHxA m =23 PFBuS
n=5 FrHpA m =5 PFHXS
n=6 PFOA m=7 PFOS
n=7  PFNA
n=8 PFDA
n=29  PFUnA
n=10 PFDoA

= Mix 1mL of MeOH solution containing 100 ppb of 10 PFC standards
with 3mL of H20 to make a 25ppb working solution.

= Dilute the 25ppb solution with MeOH/H20 (25:75) to make a series
of diluted PFC standard solutions for UPLC/MS/MS analysis.

2002 Waters Corporation 10
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THE SCIENCE OF WHAT'S POSSIBLE”

= UPLC-TQD tandem quadrupole mass spectrometer

1 £

« Compatible with UPLC high speed separation

— UPLC
o Speed, resolution, sensitivity

— TQD
o Fast scan rate

o IntelliStart technology
« Automatic tuning and optimization of MS parameters
» Easy to operate and maintain

— Small footprint
o Save laboratory bench space

B2Z002 Waters Corporation 11

THE SCIENCE OF WHAT'S POSSIBLE”

= System: ACQUITY UPLC®/TQD with Isolator column

= Analytical column:  ACQUITY UPLC BEH C18 2.1x 50 mm

= Mobile Phase A: 2mM ammonium acetate in water/MeOH [95:5]
= Mobile Phase B: MeOH

5 Column Temp: 50 °C

= Injection volume: 10 pL (full loop)

= Gradient table: Time (min) | Flow (mL/min) | %B Curve

0.0 0.40 25

0.5 0.40 25 6
5.0 0.40 85 6
5.1 0.40 100 6
5.6 0.40 100 6
7.0 0.55 100 1
9.0 0.40 25 1

2002 Waters Corporation 12
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THE SCIENCE OF WHAT'S POSSIBLE”

= MS method setting
— Ionization Mode: ES-
— Single MRM time window with 10 Channels
| Total Run Tme:[300 4] 0

MRM of 10 mass pairs, Time 0.00 to 9.00, ES-

Function:1 MRM m

Channels Method
Parent Daughter Dwell Cone Coll Energy lonization Mode ES- x
[m/z) [m/z) [Secs) [Volts) [eV)
fl | [ [ |
299.00 80.00 0.020 S0.00 23.00 Repeats [
313.00 269.00 0.020 16.00 7.00 g
363.00 319.00 0.020 15.00 7.00 Span [02
39900 80.00 0.020 60.00 29.00 :
413.00 369.00 0.020 16.00 7.00 I Use Tune Cone Settings
463 00 41900 0.020 20.00 8. 00 ™ Use Tune Coll Energy
493 .00 80.00 0.020 65.00 33.00
513.00 469.00 0.020 22.00 §.00 Retention Window (Mins)
§63.10 519.10 0.020 22.00 2.00
613.10 569.10 0.020 22.00 8.00 Start o
End [a

2002 Waters Corporation 13
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PFHYS  pEna

1004 PFBUS PFHpA PFOS
PFOA& ERDE
2] TIC PFHsA PFURA
J\ PFDGA
1.00 2,00 3.00 4,00 5.00 &.00 7.00 g.00
100+ PFOA
Background PFOA contaminant
. 413>369 g
& - 1 hD ” 2 hD : 3.00 J 4.00 - 5 bD : A,00 - IDD : IDD ]
PFNA
1009 i
Background PFNA contaminant
.| 463>419 -
° 1.00 2,00 3.00 4,00 5.00 6,00 7.00 g.00
1004 PFDoA
613>569 Background PFDoA contaminant
= ]
& At P i, e
1.00 2,00 3.00 4,00 5.00 6,00 7.00 2,00

TIC and MRM chromatograms of a mixture of 10 PFC standards (1.2 ppb)

2002 Waters Corporation 14
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Waters

THE SCIENCE OF WHAT'S POSSIBLE”

File Edit Options Toolbars Functions Help
D@ ZIX|aAlv B sk |B wu |B wsscan |B Paents |@ paugrters |BPnewralLoss
Total Run Tme [300 ¢ 9 . Sirins

Information
MRM of 2 mass pairs, Time 0.0010 2.65, ES-
MRM of 2 mass pairs, Time 2.60 to 3.40, ES- ==
MRM of 4 mass pairs, Time 3.30 10 4.05, ES- I
MRM of 3 mass pairs, Time 4 0010 4 35, £5- |
MRM of S mass pairs, Time 4.3210 4.75, ES- e
MRM of 2 mass pairs, Time 47210 502, ES- |
MRM of 2 mass pairs, Time 5.0010 5.25, ES- =)
% MRM of 2 mass pairs, Time 5.22 to 9.00, ES- —

22 MRM transitions arranged into 8 time windows

— Allow more time to scan target MRM transitions at the PFC
peak

o Give better signal to noise (S/N) ratio of detection
o Ensure >15 data points per PFC peak
» Provide better peak detection for quantification

2002 Waters Corporation 15

Waters

RT MRM Dwell Cone Collision
Function PFC (min) | Transitions | time (s) | Voltage (V) | Energy (eV)

299 > 80 23

1 PFBuS 2.41 0.060 50
299 > 99 23
313 > 269 8

2 PFHxA | 3.09 0.065 15
313 > 119 22
363 > 319 7

3 PFHpA | 3.71 0.035 15
363 > 169 18
399 > 80 29

3 PFHxS 3.77 0.035 55
399 > 99 29
413 > 369 8

4 PFOA 4,17 0.040 16
413 > 169 19
417 » 372 8

4 MPFOA | 4.17 0.040 16

= Optimized MRM transition, CV and CE
— Obtained automatically using IntelliStart technology

2002 Waters Corporation 16

120




NEMC 2008

Waters

Function | PFC 1. MRM Dwell Cone Collision
(min) | Transitions | time (s) | Voltage (V) | Energy (eV)

463 > 419 10

5 PFNA | 4.53 0.030 20
463 > 169 20
499 > 80 35

5 PFOS | 4.55 0.030 60
499 > 99 35
503 > 80 35

5 MPFOS | 4.55 0.030 60
513 > 469 10

6 PFDA 4.84 0.060 20
513 > 219 18
563 > 519 10

7 PFURA | 5.11 0.060 13
563 > 319 18
613 > 569 0

8 PFDoA | 5.32 0.060 18
613 > 169 24

= Primary MRM transition for quantification
= Secondary one for ion ratio confirmation (eliminate false positive)

2002 Waters Corporation 17

B

i il - L Waters

Qasis® HLB
PFC Method

Condition
5 mL methanol/10 mL water

Load

500 mL water sample

Purge
with N, for 20 min
To remove water

C
it

LA

LR

Elute
2 mL methanol

Evaporate
to 500 pL Waters

Dilute ]EE;

Wlth D'I' Water (1 : 3 ratlo) SAMPLE EXTRACTION FRODUCTS
for UPLC analysis

2002 Waters Corporation 12
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THE SCIENCE OF WHAT'S POSSIBLE”

PFOA
PFHXA  PFHpA

PFNA
PFOS PFDA

Y S ——— - A S I i 2
2,00 2,29 2,50 275 3.00 225 250 3.75 4,00 4,25 4,50 4,75 5,00 5,25 5.50 5.79 &.00

Overlay chromatogram of the 10 primary MRM transitions
SPE enrichment factor (250)

2002 Waters Corporation 19

Waters

THE SCIENCE OF WHAT'S POSSIBLE”

Calibration: 25 Jul 2008 0%9:45:37

Compound name: PFOA
Correlation coeflicient: r= 0 998662, "2 = 0.997327

Calibration curve: 2. 29335 ~x + -0.074386

Response type: Internal Std (Rer 1 ), Area = (IS Conc. f IS Area )
Curve type: Linear, Origin: Exclude, YWeighting: 1/x, Axs trans: None

220
20.0 -
18.0
16.0 -
14.0 =

12.0

Response

10.0
8.0 -
6.0 -~

4.0 s

0 -

DD{__ i : : . ST e Ccene

0.00 : 1.00 2.00 S.bD ' 4.00 5.00 600 7.00 .00 9.00

PFOA calibration curve (0.09 ppb to 9.4 ppb); correlation coefficient, r¢ > 0.997

2002 Waters Corporation 20
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THE SCIENCE OF WHAT'S POSSIBLE”

1 ppt spiked water (n=6)

Recovery (%) RSD (%)

PFBuS

105 6

PFHXA

112 11

PFHpA

124 15

PFHxS

103 5

PFOA

122 17

PFNA

107 9

PFOS

104 6

PFDA

109 8

PFUNA

100 9

PFDoA

105 12

B2Z002 Waters Corporation 21
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Chromatogram

IFiL13_125_R154 Smooth{mn,2x2)

jiept_B1AB_PJL13_125

4132 = 369
1. 800e+003

~— min

13=169
7.84Z2e+002

100 PFOA:4.1?‘51.35
| Primary product ion peak
for quantification
o
gon .
o b —— SR e e
| PJL13_125_R154 Smooth{Mn, 2x2) F4:MRM of 3 channels ES-
1ppl_B1AB_PJL13_125 a
100 Fivay
i\ Secondary product ion peak
! for confirmation
B
407
LR m— e b e
4. 050 4 100 4.150 4.zZ00 4. 250 4.300

= rmin

Primary and secondary transition MRM chromatograms of PFOA
(SPE Enriched Bottled Water Sample)

2002 Waters Corporation 22
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PFOA detected in the bottled water

Injection sample 1 | Sample 2 | sample 3 sample 4
1 0.43 0.50 0.52 0.50
2 0.51 0.50 0.54 0.50
3 0.44 0.52 0.53 0.52
4 0.46 0.50 0.61 0.50
5 0.47 0.53 0.52 0.53
6 0.52 0.54 0.52 0.54

Average 0.47 0.52 0.54 0.52

(ppt)
RSD (%) 7.6 3.8 6.6 3.8
Mean = 0.51 ppt

Instrument LOQ <25ppt; SPE enrichment factor =250; Method LOQ <0.1ppt

2002 Waters Corporation 23
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PFOS in the bottled water
Injection | sample | Sample | sample | sample

1 2 3 4

1 0.42 0.39 0.44 0.29

2 0.37 0.44 0.43 0.35

3 0.48 0.52 0.39 0.35

4 0.48 0.46 0.39 0.38

5 0.44 0.52 0.42 0.35

6 0.36 0.43 0.36 0.36

Average 042 046 0.40 0.35

(ppt)
et e it RSD (%) 12.7 11.1 7.7 8.1
MRM chromatograms of PFOS Mean = 0.41 ppt
(SPE Enriched Bottled Water Sample)

Instrument LOQ <25ppt; SPE enrichment factor =250; Method LOQ <0.1ppt

2002 Waters Corporation 24
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THE SCIENCE OF WHAT'S POSSIBLE”

= Issues of PFC analysis
= System solution for analyzing trace levels of PFCs
— PFC isolator kit for accurate quantification
o eliminating interference of background PFC contamination
— SPE method
o enriching and isolating PFCs from sample matrices
= High recovery
— UPLC-TQD
o rapid, sensitive, and selective method
= quantifying 10 PFCs in 9 minutes
= Detection of 0.5 ppt of PFOA and 0.4 ppt of PFOS
— Water cooler drinking water samples
o great precision and accuracy

2002 Waters Corporation 25
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Thank You
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LC/MS and the New Energetics Method EPA 8330B

Larry Penfold; TestAmerica, Inc., 4955 Yarrow St., Arvada, CO 80439; 303-736-0119;
larry penfold @testamernicame com

Alan Hewitt (USACE/CRREEL); TestAmerica

8330B Workgroup members: Fichard Burrows, Brad Chirgwin, Susan Decker, Karen
Eunoppala, Patnick Famey, and Pammela Schenumer

INTRODUCTION

Method 83308 describes the analvsis of trace concentrations of energetic residues by high
performance liquid chromatography (HPLC). It was developed at the U.S. Army ERDC CEEEL
laboratory. Althongh the method is written primarily for the use of an uliraviolet (TTV) detector,
it also includes an option for the use of a mass spectrometric (MS) detection. In fact, 83308 is
the first EPA method to mention the use of HPLC/MS specifically for the analysis of
nitroaromartic, nitramine. and nitro ester compounds.

Figure 1: Instrument Options m 8330B

LC/ UV LC/MS
C8orC12 Column
T o1
* -

CN or APCI Interface lon filter
Phenylhexyl Negative lon Mode
Confirmation l

Column
l Cuadrupole Mass
filter
UV Detector x
210nm & 254nm Mass Detector

Note: New options m 83308 are ighlighted m red.

In the study presented here, soil samples were collected and analyzed at the CRREL laboratory
using LC/UV, Ground soils and extracts were sent to the TestAmerica Denver laboratory for
analysis by LOMS. CRREL’s results were not available to TestAmerica at the time of analysis.

Sensitivity data are also presented. Of particular interest for LC/MS analysis, the U5,
Department of Defense (DOD) MERIT emerging contammant list mcludes 2 4-dinitrotoluene
and 2 6-dinitrotolnene (DNTs). Eisk-based action levels for the DINTs i groundwater and tap
water have been lowered in some states, and the new action levels may be adopted m other
Jurisdictions m the near future. These new DINT action levels are at or below the detection Lmits
for the conventional LC/UV analysis by EPA Method 8330B.

NEMC 2008 1
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Finally, results from a recent series of LC/UV and LC/MS analyses of an environmental water
sample are presented as an example of a typical situation where differences m sensitrvity and
selectivity were important.

LC/MS has been widely used m forensic and military applications for analvsis of energetic
residues because of its improved sensitivity and high degree of specificity. Although
TestAmerica has been using LC/MS for environmental studies for more than ten vears, there 15
scarcity of published data demonstrating the performance of LC/MS for the analysis of
environmental samples. The purpose of this presentation 15 to compare the performance
characteristics of the two detector svstems. The relative performance characteristics suggest the
optinal use of the two detector systems in different environmental mvestigative or remedial
sifuations.

CREEL/TESTAMERICA LC/TUV VERSUS LC/MS COMPARABILITY
STUDY

Contamunated soils from military traming ranges were collected by ERDC-CREEL personnel
These included five samples from a mortar firmg point and five samples from an mmpact range
where the 120 mm mortar rounds filled with Comp B were subject to low order detonations.
Mortar propellant is primarily nitroglyeerin. Composition B consists of 60% mulitary grade
EDX (also contains approximately 10% HMX) and 39% military grade TNT (also contains ~1%
other nitrotoluenes). Each sample was comprised of 100 increments. A 40 x 40 meter grid was
used to cover most of the open area at the firing point, and a 20 x 20 meter grid was used to
collect soil from the mmpact range. The bulk sample processing was done at the ERDC-CEEEL
laboratory:

» Entire sample air dried,

»  Steved to < 2mm

»  Puck mull five 60 second grinds with 2 minute cooling between grinds
o 10 gram subsamples taken using 30 random increments

The LC/TUV analysis was performed at ERDC-CRREL laboratory. The LC/MS analysis was
performed at the TestAmerica Denver laboratory, using one set of acetonitrile extracts prepared
by ERDC-CEREL and a replicate set extracts prepared by TestAmernica. The same solvent
extraction process was used at both labs:

» 10 gsample + 20 mL of acetonitrile
» Low temperature somcation for 18 hours
» Filter extract

A straight ally] chain reverse phase separation column with an ssocratic water/methanol mobile
phase was used for the LC separation in all analyses at both laboratories. The LC/MS analysis
was conducted using an atmospheric pressure chemical ionization { APCT) mterface operated m
the negative ion mode. Three isotopically labeled internal standards

RDX 13C-3
1.3-DNB-d4
2.4-DNT-d3

NEMC 2008 2
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and one isotopically labeled surrogate (nitrobenzene-d5) were used for the LC/MS analysis. The
LCTUV mstrumental analysis was conducted as described in Method 8330B. Results are shown

i1 Table 1.

Linear regression plots of LC/UV results
compared to LC/AIS results are shown in
the adjoining Figure 2. If results were
perfectly correlated with no bias, the
correlarion coefficient would be 1 = 1.00
and the slope = 1.0.

The correlation was close to 1.00 for all
four of the major constifuents in the firing
range samples indicating consistent results
berween LC/UV and LC/MSE.

The slope was close o 1.0 for all
compounds, except HMX where the 0.755
slope indicates 2 23% low bias for the
LC/MS results. This was investigated and
artributed o ionization suppression. C-13
labeled HME was purchased, and
incorporated as an internal standard for all
subsequent anafyses. The bias was proven

to be eliminated in 2 series of later analyses.

The precision results for the toes
measurements for each sample shown in
Figure 1 were as follows:

EDX mean BSD = 32%

TNT mean R5D = 4.9%

HMX mean R5D = 11 8%

NG mean RSD = 10.1%

With the soil samples ground to a fine
powder, the resulrs from the rwo detector
systems at the two laboratories was well
within the instroment calibration error,
which has a control limit of 13% RSD in
Method 8330B.

This demonstrated that at the concentrations
studied the two detector systems produced
comparable results for the major
contaminants found at DoD firing ranges.

NEMC 2008

Figure 2 - Regression Plots
LC/UV ws. LC/MS
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LC/UV VERSUS LC/MS SENSITIVITY

The samples i the study had to be tested using a range of extract dilutions due to the relatrvely
high concentrations of the major contaminants. The results shown in Table 1 do not provide a
direct comparison of detection limits becanse the two labs used different dilution levels. Still,

the greater sensitivity of the LC/MS method for soil samples was indicated by the detection of
the amino-dinitrotoluenes that were not detected by LC/TUV.

LC/MS detection limits are 2-3 tunes lower than the LUV detection limits. If LO/MSDS is
used, then detection limits are approsamately 5 times lower than LC/TTV. There has been little
demand for lower detection limits for the 8330 compounds, and as a result reporting linits
provided by laboratories using LC/MS have generally been hugher than the mstrument is capable
of producing. However, new risk levels for the DINTs may drive the need for lower reporting
limits:

USEPA IRIS 1x10°risk level = 0.05 ug'L each isomer

2008 Wisconsin GW PAL = 0.05 ugL each 1somer
Begion IX Tap Water PRG = 0.099ugL as ¥ of isomers
1 sk W study =003 ugL as ¥ of isomers

The LC/UV detection limit for the DNTSs is approximately 0.04 ugL. By comparison, the lowest
LC/MS calibration pomt for 15 0.04 ug'L, and the detection limits are 0.02 ug'L for LO/MS and
0.01 ugL for LC/MSMS. If action levels are set based on these risk values, then quantitatively
reliable results will be needed at these concentrations, and LC/MS will be a necessity.

LC/UV VERSUS LC/MS SELECTIVITY

TestAmerica’s experience 15 that water samples are frequently more difficult to analyze than soil
samples. Elevated baselines and mterfering peaks due to extracted unidentified compounds are
more common with LC/TUV. Tt 15 readily apparent to analysts that the MS detection system
shown in Figure 1 15 more selective. A recent example follows. Earlier this vear we were asked
to test storm water mnoff from an armyy amnminition plant in the Midwest. This was a permit
requirement for the cleanup work bemg performed there. The LC/UV analysis produced the
chromatogram shown i Figure 4.

Figure 4 - Ronoff .:uumple bx I_C U"r Figure 5 — Runoff Sample by LC/MS

14-Mar-2008 {82
C18 Column 1 lll
U% Detector |

I 2,6-DNT = 0.10 uglL
1 ’| 2.4-DNT = 0.07 uglL

tetryl = 0.08 ug/L?

/ DNTs? ] i
J/ - Time

coetrmmeee—|| | 800 10.0012.'ﬁi3 14.00

NEMC 2008 4

129




NEMC 2008

A peak was found on the C18 primary column at the retention time for tetryl 11.1 minutes. A
much smaller peak was also found on the phenylhexyl confirmation columm at the tetryl retention
time. Although tetryl was identified by the data system on both colunms, it was unlike Ly that
tetry] was present in the sample becanse the pH of the water was 7.7. Tetryl would be expected
to hyvdrolyze under these conditions. The sample was analyzed by LC/MS, and tetryl was not
detected with a detection limit of 0.02 ug’L. The tetrvl by LC/UV was shown to be a false
positive result. TestAmerica and other labs have periodically encountered false positive tetrvl
results by LCTUV. When the U5, Army HTEW QA 1ab program was operating, ground water
samples were sometimes sent to TestAmerica to disprove the presence of tetryl. What nught
cause the musidentification? Samples with matrix interferences can cause retention time (BT)
shifts, and 3.5-dinitroaniline has a similar RT and so might be misidentified as tetryl. Another
possibility suggested by Dr. Thomas Jenkins (formerly with ERDC CRREL), is 2.4,6-
trinitrobenzaldehyde. Both compounds are degradates of TNT.

A second concern with the runoff sample was the lack of DINT detections, which were expected
given the site history. The LC/UV data system did not identify peaks for either 2.4-DNT or 2.6-
DNT. The sample was analyzed by LC/MS, and both DNTs were readily detected, as shown in
Figure 5, at concentrations approximately two times higher than the reagent water LC/UV
detection Hmits (0.04 ugL). Interferents in the sample had elevated the baseline in the UV
chromatogram such that false negative results were reported. As with tetryl this 1s not an
rsolated example. Complex samples can contain many substances that readily extract m
acetonitrile and that produce a UV response. These substances have the potential of either false
positive or false negative results at low concentrations, and m this case both types of errors were
observed in one sample, and the discrepant results were resolved by LC/MS.

CONCLUSION

Dual column LCTUV analysis for explosive residues has proven to be a very reliable method
over the last 20 vears. This study served to demenstrate that with an appropriately prepared
sample LC/MS results are luc_rhl‘r' comparable to results from LC/UV. The two methods
performed at two laboratories produced results well within the precision errors of the
mstruments. For samples, such as the finng range soils m the CEREL/ TestAmerica study, the
concentrations of the primary contaminants are relatively high and the sample matrix did not
present analvtical problems. LC/UV is a simpler technology, 1f 15 more readily available at a
large mumber of laboratories, and if 15 less expensive. For all of these reasons, LC/TTV should be
the methed of choice in such situations.

However, LC/MS has been demonstrated to be the better analytical tool when lower detection
Limits are needed or when testing for low concentrations of explosive compounds in difficult
sample matrices, which can include surface waters, ground waters, vegetation, and biota. Itisa
more sensitive and more selective technique. LC/MS will be needed to meet the demands of
lowering risk levels. LC/MS is actively used for the USACEMMREP program and has been
mecluded in the AFCEE QAPP since February 2005, Tt 15 the method of chotce for definitive
forensics analysis. Despite well established appllcatmm m a wide range of media, there still 1s
not an 1dequate EPA SW-846 method for either LC/MS or LCMSMS analysis of explosive
residues. Method 83308 mcludes LC/MS, but ne mstrument conditions are given, the optimal
1ons for analysis are not listed, and interferences unigque to LC/MS are not discussed. We
suggest that a new SW-846 method is needed for explosive restdues by LC/MS.

NEMC 2008 5
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Table 1: LC/UV LC/MS Comparison, Firing Range Samples

(all results in malkag)

Soil Ssample Extract Prepared
Separate Preparation
at Each Lab by CRREL
CRREL TAL TAL
Sample LC-uv LC/MS LC/MS
Impact Range (n=3)
LOZES MIx5S HMX 2.16+0,06 2.65 2.68
Sail RDx 13.0+0.36 13.4 13.0
THT 1.14+0,04 1.1 1.11
ZAMDNT =0.04 <0.045 =0.045
FAMDONT =0.04 0.061 0.088
Impact Range (n=3)
LO=3 MI#10 HMX £5.67+£0,09 7.7 9.07
Soil RDX 50.6+0,20 49.4 449.2
THT 25.5+0.12 27.7 25.8
ZAMDNT 0.079+0.003 0.0672] =0.045
4AmDNT 0.115+0.008 0.198 0.246
Impact Range (n=1)
LOZES MI#2Z HMX 1.78 1.79 2.00
Soil RDX 7.28 5.36 7.13
THT 0.55 0.454 0.454
ZAMDNT =0.04 =0.02 =0.045
4AmDMNT =0.04 0.043] 0.057]
Impact Range (n=1)
LOZES MI#6 HMX 1.76 1.81 2.09
Soil RDX 7.68 727 7.56
THT 0.8 0.871 0.800
ZAmMDNT =0.04 0.021; =0.045
4AmDNT =0.04 0.0409 0.056]
Impact Range (n=1)
LOZES MIx3 HMX 3.92 4,89 5.37
Soil ROX 26.2 24.5 26.0
TNT 7.52 7.65 7.80
ZAmMDNT 0.098 0.0%913 0.150
FAMDNT 0.115 0.176 0.292
Firing Point (n=3)
LO#3 MI#5 MG 62.8+2.16 57.3 50.00
Soil
Firing Point (n=3)
LOZES MIF10 M 4,99+0.16 4.42 3.10
Soil
Firing Point (n=1)
LO#3 MI#6 MG 3.98 3.98 4,60
Soil
Firing Point (n=1)
LOZES MIFV1C NG 5.08 5.04 5.68
Wegetation
Firing Point (n=1)
LOZES MI#2Z NG 4,94 4,81 5.51
Soil

NEMC 2008
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Classes of Compounds

* Nitroaromatics - TNT, DNT, TNB, .~ o

DNB, NB, & Tetryl "B
D)I\}"‘\D
_ FE™ Dﬂ/u-
» Nitro esters - PETN, nitroglycerin “‘L|/ 1 )
We=0 D)Ill\“ =
O/_
: . . s, .~
+ Cyclic nitramines - RDX & HMX | rox
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TestAmerica 8330 - Primary Method for
& Ao EnvisonENTs Explosive Residue Analysis

* EPA Method 8330 - high pressure liquid
chromatography with a ultraviolet detector
(HPLC/UV)

* Developed by USACE CRREL laboratory
in late 1980’s

+ Updated to 8330B in November 2006

TesTAmeriCO 8330B Changes

« 5 changes related to multi-incremental
sampling (MIS)

« 8 changes related to extraction and analysis

One more change not often discussed

8330B is first EPA method to mention use
of a mass spectrometric detector for
energetic residues
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TestAmerica New Instrumental
Analysis Options

HPLC/UV HPLC/MS

C8 or C18 column

or

| l
Phenylhexyl or APCI Interface, lon filter
cyano confirmation Negative ion mode
column T
l Quadrupole Mass filter
UV Detector . _
210nm & 254nm Mass detection

Study conducted to compare performance of 2 systems

APCI = Atmospheric Pressure Chemical lonization

TestAmerica

Precision and Bias
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TestAmerica Two Sets of Firing Range
ey —— Samples Collected by CRREL

1) 6 soils from firing point for
120mm mortar

40 x 40 meter grid
100 increments per sample
5 samples

Mortar propellant is primarily nitroglycerin

Defense MewsLink public website photo

w Collection (continued)

THE LEADER IN ENVIRONMENTAL TESTING

2) 4 soil + 1 vegetation sample from impact range
mortar round filled with Comp B was subject to low order
detonation, 20 x 20 m grid,

100 increments per sample

Particles and chunks of
unexploded Comp B scattered
throughout area

Photo courtesy of Alan Hewitt, ERDC-CRREL

Composition B:
60% Military grade RDX (also contains about 10% HMX)
39% Military grade 246TNT (also ~1% other TNT isomers & DNTs)
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Physical Processing

Sieve Puck Mill MIS

BILRLY < 2mm Grinding Subsampling

Photos courtesy of Alan Hewitt, ERDC-CRREL

w Same Extraction at Both Labs

THE LEADER IN ENVIRONMENTAL TESTING

CRREL provided TestAmerica
5 acetonitrile extracts,
4 ground soils, extracted by TAL
1 ground vegetation, * “ “

Extraction Procedure:

1. 10 g sample (soil or vegetation) + 20 mL of acetonitrile

2. Low temperature sonication for 18 hours

3. Filter extract

4. TestAmerica only: dilute 1:1 with acidified CaCI2 solution

136




NEMC 2008

TeSTAmeriCO Instrumental Analysis

* LC/UV analysis performed at CRREL per 8330B

* LC/MS analysis performed at TestAmerica
RDX 13C-3
1,3-DNB-d4
2,4-DNT-d3

Internal Standards

Nitrobenzene-d5 } Surrogate Standard

CRREL's results unknown to TestAmerica
at time of analysis

11

TestAmerica RDX Results

THE LEADER IN ENVIRONMENTA

RDX Results for Impact Area Samples

80 =
g I = LC/UV at CRREL
Ex i
| =
e
£z [ =oms
= - extracted by CRREL
] analyzed by TAL
[+]
w 20 B
= LC/IMS
10 extracted & analyzed
by TAL
1 M1

LO#3 MI#2 LOK3 MI#6 LO#3 MI#3 LO#3 MI#3 LO#3
Sample IDs e

RSD= 7.1% 28% 1.8% 27% 15% Mean RSD = 3.2%
12
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TestAmeric TNT Results

THE LEADER IN ENVIRONMENTAL TESTING

TNT Results for Impact Area Samplas
ki

m
o

li I = LC/UV at CRREL

=

=LCMS
extracted CRREL
analyzed TAL

in

_. Concentration (mg'kg)

=

[ D = LC/MS
extracted & analyzed
5 - by TAL

LW IR LEW 3 Wi [T H (T R (LTS

Sample IDs
RSD= 114% 50% 1.9% 1.8% 45% Mean RSD = 4.9%

=

13

TestAmeric

STING

HMX Results

THE LEADER IN ENVIRONMENTA

HMX Results for Impact Area Samples

I = LC/UVY at CRREL

T = LC/MS
extracted CRREL
analyzed TAL

Concentration Imolka!l

-

= LC/MS

1 — D extracted & analyzed
lI I] i
! : : . ;

104 Hlie 103 w2 10 M W3 g 108 Nt

Sample IDs
RS5D= 85% 73% 23.% 68% 4.6% Mean RSD = 11.8%

14
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TesTAmeriCO Nitroglycerin Results

THE LEADER IN ENV NTAL TING

Nitroglycerin Results
for Firing Point Samples

L
= I = LC/UV at CRREL
ES B
Sw -
£x -~ [ =ems
= extracted CRREL
a B analyzed TAL
10 —
= LC/MS
0 /1l : 'ﬂ ‘ _ Bs : .ﬂ : D extracted & analyzed
FP-FOX- FP-FOX- FP-FOX- FP-FOX- FP-FOX- by TAL
M6 M2  Ma0 M MI.SC
Sample IDs
RSD= 85% 73% 23.% 6.8% 4.6% Mean RSD = 10.1%
15
TestAmerica With Proper Sample
Pre paration

Overall precision between
labs and instruments
equivalent to calibration control limits
for a single instrument

16
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17

18

TestAmeric

THE LEADER IN ENVIRONMENTA

NEMC 2008

Another Way to Compare
Results, LC/UV versus LC/IMS

Example RDX Regression Plot

LC/MS Concentration {mg/kg)

r = 0.9998

Slope = 1.02

a T L} il
LC/UV Concentration (mgikg

|deally correlation coefficient, r= 1.0, indicating consistency

and slope = 1.0, indicating lack of bias

TestAmerica

Regression Statistics
LC/UV versus LC/MS

Correlation Slope
Coefficient
RDX 0.9998 1.02
TNT 1.0000 1.05
Nitroglycerin 0.9906 1.07
HMX 0.9980 QLETS

HMX slope = 0.755 indicates LC/MS results biased 25% low

HMX bias investigated
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TeSTAmeriCQ Lesson Learned for HMX

« Bias attributed to ionization suppression at
APCl interface

» Purchased HMX 13C4 labeled compound
» Used as internal standard
« Subsequent analysis showed bias eliminated

« Labeled HMX now routine internal standard

19

TestAmerica

Sensitivity

20
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TestAmerica Results for
€ LEAOER N ENVIRONMENTAL TESTING Amino-dinitrotoluenes

* More detections for amino-dinitrotoluenes by
LC/MS as compared to LC/UV

+ LC/MS detection limits 2-3 x lower than LC/UV
+ LC/MS/MS ~ 5 x lower than LC/UV

Note: CRREL samples had high concentrations,
required dilutions, as a result differences in sensitivity
not so ohvious as in examples to follow

Is difference in sensitivity important?

21

TestAmeric DNTs as Emerging
Contaminants

USEPA IRIS 1x108 = 0.05 ug/L each isomer
2008 Wisconsin GW PAL = 0.05 ug/L each isomer
Region IX Tap Water PRG = 0.099 ug/L as > of isomers

1 risk study = 0.03 ug/L as > of isomers

At these concentrations LC/MS needed

Actual DNT example to follow

22
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TestAmerica DNTs in Storm Water Runoff
e EXPlOsives Manufacturing Site

THE LE

[

LC, UV Detector DNTs not deteoted on
_ phenylhexyl confirmation
. C18 Primary Column column

MDLs = 0.06 ug/L

Could 2,4- and 2,6-DNT
be in sample?
DNTs ?

Site history suggests
they could be present

“

—— N

23

TestAmerica DNTs in Runoff Water

14-Mar-2008 1 82

2,4-DNT = 0.07 ug/L
2,6-DNT = 0.10 ug/L

1 s e Time
8.00 10.00 12.00 14.00

24
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TestAmeric

THE LEADER IN ENVIRONMENTAL TESTING

Selectivity
25
TestAmerica Same Storm Water
Runoff Sample

‘ LG, (VORI oL

D8 C040179.001
LC, UV Detector Small tetryl peak found
/ C18 Primary Column phenylhexyl confirmation
column

Is tetryl really in sample?

pH water = 7.7

_|
o
<

. Not likely

26
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TestAmerica Tetryl in Runoff Water

Tetryl not detected

« LC/MS detection limit = 0.02 ug/L,
(2-3 times lower than LC/UV)

« TestAmerica frequently disproved suspect
tetryl results in water using LC/MS

» Similar tetryl results at other LC/MS labs

Note:  Occasionally false positives by LC/UV for other compounds,
Cnly at low concentrations in difficult samples

27

TestAmerica What Might Cause False
€ LEADGR I ENVIRONMENTAL TESTh Positive Results for Tetryl

« Sample matrix can cause RT shifts
« 3,5-dinitroaniline has similar RT as tetryl

« 2,4 6-trinitrobenzaldehyde has caused
confusion — Thomas Jenkins

28
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TestAmerica Summary

« LC/UV analysis for explosive residues
proven very reliable analytical tool over
last 20 years

» There is a place for LC/MS too
» Results highly comparable to LC/UV

» Greater sensitivity

» Greater selectivity

29

Teszmericq Place for LC/MS

LC/MS should be analytical tool of
choice when

» Lower detection limits needed

» Need accurate results in difficult sample matrix
(e.q., waters and biota)

30
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TestAmeric Conclusion

« LC/MS is a useful and needed analytical
technology

» Well established applications in wide range of
media

- Method of choice for forensics analysis
- Actively used by DOD

31

TestAmeric DOD Guide for Implementing
ey EPA 8330B

“‘Due to the potential increase in matrix
interference resulting from Method 8330B
sample preparation protocol and the need
for definitive data, project teams should
consider using mass spectrometry as
the primary detector when using
Method 8330B. Mass spectrometry
provides both selectivity and sensitivity
and is best suited to handle these
analytical issues.”

June 2008

32
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TestAmerica

We have an urgent problem

33

TestAmerica Conclusion

Method 8330B includes LC/MS, but
instrument conditions are not included

New SW-846 methods are
needed for explosive residues
by LC/MS and LC/MS/MS

34
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What’s Wrong with Forensic Environmental Methods?

Albert Robbat, Jr., Christian Ziegler, and Kevin MacNamara; Tufts University Chemistry
Department, 62 Talbot Ave , Medford, MA 02155; 617-627-3474; arobbatifiuds.edu
Irish Distillers — Pernod Ricard, Midleton Distillery, Midleton, Cork, Ireland

ABSTRACT

Forensic environmental mnvestigations rely on quantitative measurements of specific chemicals
or groups of chemically related compounds. Using single ion selected ion monttoring (SIM) or
extraction {SIE) will result in overestimation of compound abundance due fo common ion
mterferences from the matrx. Use of a single fragmentation pattern to quantify an entire
homologous group of compounds will nnderestimate compound presence. We bwlt a library of
C; to C; alkyvlated PAH fragmentation patterns from automated sequential 2D GC-GC/MS
analvsis of a diesel fuel using the Ton Signature mass spectral deconvolution software. Based on
the patterns obtained, the results of 2 1D GC/MS analysis as wounld be performed by SIM or SIE
was compared agamst the approach of using nltiple patterns per homolog. Significant
overestimation occurs for Ce-naphthalene, C-flnorene, and Cy- to Cs- dibenzothiophene. On the
other hand, marked underestunation occurs for Cy-naphthalene, Cy-fluorene, Cs-phenanthrene,
and C;-dibenzothiophene when one fragmentation pattern is used to wdentify all 1somers m a
homelog.

INTRODUCTION

Fossil-fuel contamimated environmental samples can contain thousands of different chemicals.
Information regarding selected components of these samples can determine source(s) of a
contamination as well as elucidare degradation, evaporation, photo-oxidation. tr'mspnrr o1
washing effects on a contaminant. 1 For fossil fuels, benzene™ henzomiophene polyeyelic
aromatic by drc-carbom P i'sHsJ} and their ally lared analogs (C1- to Cs- saturates), as well as n-
alkanes, diamondoids’, hopanea steranes”, terpanes’, and thetr derivatives are all of interest to
analvsts performing forensic investigations. This information 15 vsed to assign liability for a
release, determine risk to human health and the environment, and to direct efforts towards
remediation. ™

Forensic environmental investigations most frequently nse gas chromatography (GC) due to the
high separation power afforded by modem capillary colunms. When GC is hyphenated to a
universal detector such as an FID, identification of key components of the sample is
compronused. Furthermore, unresolved complex mixture (UCM) chromatograms result from the
coelution of many components, further compounding the ability to identify oftentimes low-
concentration compounds. Selective detectors somewhat ameliorate this problem but have found
Limited use due to the small mumber of relevant compounds that are amenable to this technigue.

Mass spectrometry (MS) 15 the most powerful detection scheme in widespread use. Positive
wdentification is possible using the match of retention times and mass spectra, which are stored in
a library such as NIST or Wiley for comparative purposes. Unforfunately, mass spectra from a
GC/MS analysis are often complicated by coelution, rendering standard spectral searching
algorithms meffectrve at identification. Selected ion monitorng (of the base or molecular ion
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m'z value) is often used to “look past™ the matrix for components of interest.> 1" This can be
done by programmung the mass spectrometer to only acquire one or two 1ons per compound or
group, or by allowing the instrument to perform full scan mass spectra and then use off-line data
processing to extract ion current.

The mherent assumption of SIM is that the ions chosen for analysis are specific for only that
group of compounds. In a very complex matrix, this may not be the case. Furthermore, when a
single confirming jon 15 used for identification, identification is complicated by the change i
ratios for various isomers in a given family of homologs. For example, base and largest
confirmation ion for 2.3, 6-trimethyinaphthalene and 2-(1-methylethyDnaphthalene are 170 and
155 (80%) and 155 and 170 (30%), respectively. Both C; isomers may be identified because ion
chromatograms co-maxinize, or alternatively, because relative abundances used for
wdentification only match one 1somer, the other 1s imnored. When both isomers are considered to
be present, the same response factor for both 1s vsed, which may result in over or
underestimation of true Cs-naphthalene concentration. When one compound 15 deemed present,
Ci-naphthalene concentration is underestimated.

This paper addresses fundamental shortcomings m forensic environmental analyses employing
GC/MS such as Nordtest ', ASTM ', or EPA methods. The 2005 NIST mass spectral brary
and automated sequential 2D GC-GC/MMS with Ion Signature spectral deconvolution software
were nsed to build libraries of fragmentation patterns for Cy- to Cs- naphthalene, fluorene,
phenanthrene, and dibenzothiophene analogs. Using the resolving power of GC-GCMS and
deconvolution algorithms in the Ion Signature software, previously unpublished fragmentation
patterns were found m diesel fuel. Once the libranes of patterns were assembled, spectral
deconvelution allows the analyst to then find the same patterns in 1D GC/MS data, and
therefore, the task of assembling libraries using the long GC-GC/MS runtimes needs only to be
performed once per sample type. After building the libraries, we compare the results of an
analysis of 1D GC/MS data vsing single ion SIM or SIE and use of a smgle fragmentation
pattern per homolog versus using multiple patterns per homolog.

EXPERIMENTAL

Standards and Reagents

Diesel fuel #2 standard was purchased from Restek (Bellefonte, PA), and used as recerved.
Waphthalene, 1.2-dimethyinaphthalene, 2, 3-dimethylnaphthalene, and 1-ethylnaphthalene were
obtamed from Sigma-Aldnch (St Lows, MO) and diluted with HPLC, GC/MS grade
dichloromethane (Fischer, Fair Lawn, INT) to make 5, 10, 50, 100, and 250 ppm standards, which
were vsed to calculate response factors. Naphthalene-d8 and acenaphthene-d10 were purchased
from Restek and used as recerved as mternal standards at 50ppm in each calibration standard
mxture.

Gas Chromatographyv/Mass Spectrometry

The MS was scanned from 35 to 550 mv'z, with a 150 threshold count and 1.00 min solvent delay
for all 1D and 2D GC/MS analyses. The quadrupole and ion source were held at 150 °C and 230
°C, respectively. Deconvolution algorithms were developed at Tufts University (Medford, MA)
and are incorporated into a quantitative data analysis software program by Ton Signature
Technology (MNorth Smithfield, RT), which was used throughout this mvestigation. The NIST
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{Gaithersburg, MD) Mass Spectral Search Program v2 .0 was used for spectral searching and as a
basis for fragmentation libraries.

An Aglent (Little Falls, DE) model 6890/5975 GC/MS instrument was generously loaned to our
lab for this work A CI5-4 temperature programmable injector made by Gerstel Ine. (Baltimore,
D) was used for mjections. To obtain response factors, a Restek Raa-5ms 15mx 0.25mm id.,
with 0.25pm film thickness capillary GC column, encased in 2 MACH oven (RVM Scientific,
Santa Barbara, CA) was used. The GC oven was kept at 280 ’C and acted as a heated transfer
line from the injector to the MACH colunm and from the MACH ta the MS. The G{C
temperature program was isothermal, 60 ’C. for 1 min and then 10 "C/min to 300 °C. and held
for 10 mmn. The column head pressure was 10.13psi. The CIS-4 temperature programmable
mjector and MACH oven were controlled by Maestro software (Gerstel). which was mtegrated
mto Agilent’s Chemstation software. A 30 m Agilent HP-3ms column in the comentmnalﬁ&ﬂﬂ
Oven was used for the ID GC/MS diesel fuel analysis. The oven was ramped from 60 “c {1 min)
to 300 °C (5 min) at 5 °C/min under 4.35 psi constant pressure. Splitless injections of 1 p_L were
made.

For automated sequential 2D GC/MS analyses, the following conditions were used. Column 1
was 30m x 0.25nm 0.25pm film thickness DB-1701ms (Agilent) capillary colunn.  This was
comnected on one end to the CIS4 inlet in the first oven and connected on the other end to a
colunn flow switching device (Gerstel) in a separate, adjacent oven. The second column was
the 30m HP-5MS column described above housed in the second oven. This column was
threaded through a Gerstel CTS-2 cryotrap to freeze effluent from the first colomn. Rapid
heatmg of the CTS-2 cryotrap was pEl‘fﬂl’mE'd to thermally desorb the hearteut for separation on
the second column. A MCS2 mass flow controller (Gerstel) in a separate pnenmatics module
provided a constant cross-flow of 10ml./min while a proportional valve with sensor recerved and
moderated the outlet flow. An MCS aumsampuler (Gerstel) w as used to nmke 1uL splitless
mjections. The CIS-4 inlet was ramped at 10 "C/sec from 60 °C to 300 °C. The inlet pressure at
the head of the DB-1701ms column was held at 17.6%ps1 for 2-min and then ramped to 30.75 psa1
at 0.537 psi'muin, where it was held isobaric for 10 min. T‘he oven housing columm 1 was held for
2 min at 60°C and then temperature programmed to 300 °C at 10 °C/min where it was held for 15
min. One minute long cuts were made after the fourth minute by turning the countercurrent flow
across the crosspiece off, forcing eluates to the tr‘,mrap where it was frozen at -100 °C. The
CTS-2 cold trap was heated at 25 ’C/sec to 300 °C to start the second chromatographic nin. The
oven temperatire programming conditions for the second column was identical to the 1D
conditions described above. Sample mjection, heart cutting freeze trap, thermal desorption, and
external pneumatics module were all controlled by the Maestro software.

Quantitative Analvsis of Alkylated PAH

Elution times of components were converted mto IEIEﬂTIDﬂ mdexes vsing naphthalene at 100.00,
phenanthrene at 200.00, and pyrene at 352.77 index units.*® Retention times for the first and last
eluting compound m a homolog were used to determine experimentally obtained retention
windows. BReported windows in Table 2 were generated by subtracting or adding 0.5 min to the
leading or tailing edge of the first and last homelog peaks, respectively. This was performed
because slight retention time shifts were observed between the 1D GC/MS and the 2D GC-
GC/S data. Table 1 gives the alkylated PAH patterns used to detenmine retention indices as
reported m Table 2.
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The Ion Signature software is a quantitative GC/MS analysis software package that uses * D files
obtamed from Agilent equipment. The extracted base 1on sigmal for the homelog was used to
determine area countt, denoted drea_ The peak area for only those peaks where the criteria for
positive compound identification were met was summed and denoted dreay, . To
determine the percent difference between areas obtained by SIM or selected ion extraction (SIE)
methods versus using full scan MS data. deconvolved using multiple patterns per compound, the
following equation was used:

A _ A
“Fga.t.'.u-. <l Eﬂf}cmﬂn:‘un-.:n % 100%%

Dvcarwoduniomn

Area,

RESULTS AND DISCUSSION

Forensic methods widely used m the mdustry typically employ single ion SIMYSIE, two 1on
monitoring (ie. comaximization of the base and one confirmation ion) or, at best, a single
pattern per homolog (two or more 1ons and their relative abundances) to quantify all allvlated
PAH homologs m complex samples. Except for methy] isomers of alkcylated PAH, all of these
methods will result in erroneous quantification of homolog abundance. In contrast, the
methodology we employ in this work and suggest for fiture analyses employvs nultiple
fragmentation patterns per homolog. Using the Jon Signature deconvolution algorthms, peak
area 15 only quantified when mam and all confirmation ions match the relative error criteria
within the program. Further, the algorithms will adjust the signal of the quantitation ion if the
matrix adds signal, thus reducing overestimation due to the commeon ion effect. In this work, we
demonstrate the utility of automated sequential 2D GC-GC/MS and the Ton Signature software
for buildmg lbraries of compounds. Once these libraries are built, patterns are grouped
according to similarity within a homelog and used to quantify alkvlated PAH abundance in 1D
GC/MMS.

Figure 1 shows the FID trace for the diesel fuel on a DB-1701ms column. As 1s typical for diesel
finels. a large unresolved complex mecture (UCM) ump 15 present. The blue lines on the figure
denote the location of heart cuts made to the second, HP-5ms column. In the hearteut, an TICM
hump 15 still present, but alkylated PAH were generally separated from the polar and aliphatic
compounds which make up the UCM”. Cut 14 contains Ci- to Cs-naphthalenes, well separated
from each other and the UCM. In this example, it is a trivial exercise to iwdentify all the C; and C.
1 1somers m the software by performing a spectral search for the peals, as these isomers are all
present in NIST and/or Wiley. In contrast, however, not all of the Cs- and Cs- isomers are in the
databases. While some peaks corresponding to unknown Cs- and Cy-naphthalene isomers may
have a relatively good quality match with known patterns, others do not, as their fragmentation
pattern 1s markedly different from any known isomer.

The extracted ion current profile for the molecular ton for C4 naphthalene at m'z 184 ts shown i
Figure 2a. Analysts employing SIM or SIE with a single ion to guantify alkoylated PAH would
attribute all of the peak area in Figure 2z to Cs-naphthalene. overestimating compound
abundance. The percent overestimation that would result from use of a single ion to quantify all
alicylated PAH homologs is reported in Table 2 as a percent of correct peak area. If the criterion
of co-maximation of any of the confirmation ions shown in Figure 2b (1D GC/AMS) 15 used,
abundance may differ from analyst to analyst depending on the specific confirmation 1on chosen.
If a single fragmentation pattern (i.e. the four ions in the figure plus their relative abundances, in
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this case the pattern is for 1,23 4-tetramethylnaphthalene) is chosen. only the peaks labeled *C’
would be attributed to Cs-naphthalene. This 1s partially because interference from a common
mafry ion distorts ion traces. Figure 2c shows heartcuts 14 and 15, in which Cy-naphthalenes
were found to elute. Tsmg 1.2 3 4-tetramethyinaphthalene again as a surrogate for
wentification, three additional peals are identified. It should be clear from this example already
that peak area will be nmussed for other peaks where three confinmation ions comaximize with the
molecular ion, but in different ratios. The amount of underestimation of correct peak area by
using a single fragmentation pattern to identify all isomers is also reported in Table 2 as 3
percentage of correct peak area. For the purposes of this study, we chose mono-, di-, tri-, or
tetramethyl PAH isomers as surrogates for each homolog. Table 1 lists and denotes patterns that
were used for this quantitative analysis. Clearly, though, quantification of alkvlated PAH or any
compound or groups of compounds by GC-GC is too time mtensive for the high throughput and
fast urnaround times demanded by industry.

We found that even using as many unique patterns we could obtain from NIST or the literature,
peals where several homolog-specific tons comaximized but in differng intensity from known
patterns still were missed. Therefore, we used the automated sequential 2D GC/MS data to
develop a library of fragmentation patterns for each of the allrlated PAH homologs.
Fragmentation patterns of the 12 Cy-naphthalenes can be found in NIST. Only five unique
fragmentation patterns are needed to identify the 12 isomers, as some 1somers are very similar m
therr fragmentation. From these five patterns, there are only § unigue ions common to all
patterns as one of the five most abundant tons. Likewise, if the five most abundant ions for the
Cy-naphthalenes we could find in NIST or the literature are tallied, only 16 1ons are found. The
aromatic structure of the parent PAH himits fragmentation of the alicylated homolog Only
differences m type of functional group and its location determine the ions for a given isomer.
Further, the molecular don is always present as one of the largest 5 ions i all alloylated PAH
fragmentation patterns. To find new patterns, selected ion extraction of all ions was performed
m the heartcuts. Where several ions co-maximized with the molecular ion, a pattern was found.
In some cases, these patterns were markedly different from those in the literature or NIST.
These new patterns were put into the Ion Signature deconvolution software to determine the
scan-to-scan variance of the ions i a more quantitative fashion. Where the relative error
criterion was met (typically, using a BE of 7), the pattern was confirmed as an alkylated PAH
pattern and put into the library.

As an example, Figure 3 shows a set of five Ci-naphthalene peaks. The three peaks in the
muddle are a good match for pattern C4-N A which s similar to 1-methyl-7-(1-
methylethylinaphthalene. However, the two outside peaks are not a good match for C-N A In
contrast, pattern Cy-IN D is a good match for these peaks. The lon Signature software plots each
1on at each scan as a bar, normalized to the main 1on (typically, the base ion 1= made as the main
1on in a method). Where each set of bars is of the same height. actual and expected relative
abundances for the ions are identical. Where bars are markedly different i height, the actual
abundance for that ion is greatly different than the expected abundance. The software only
displays bars when the scan-to-scan variance of the relatrve abundance of the ions is less than a
value chosen by the analyst. This eliminates any peaks where fons do not comaximize, and will
also eluminate peaks where ion ratios are very far different than expected. In Figure 3, the
relative error was set at 30 in order to illustrate the mismatch of expected and actual 1on
abundance.
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Figure 2d shows a composite picture of all the Cy-naphthalenes we identified m diesel Five
patterns (A-E) were used to account for the more than 20 peals obtained. Of these patierns, two
were novel patterns developed by the combmatorial approach discussed above. A list of patterns
for all allcylated PAH is found i Table 1. Diesel fuels from other sources, different petroleum
distillates. or coal tar may require additional patterns to the ones reported here. Work 15 in
progress towards automated sequential 2D GC-GC/MS analysis of crude oil and coal tar to
further expand the library of allcylated PAH.

Response factors for 1,2-dimethvinaphthalene, 2 3-dimethylnaphthalene, and 1-ethylnaphthalene
were also generated in this study and are reported in Table 3. We found that response factors
could be significantly different (by a factor of more than 2) depending on the isomer and ion
used to quantify the peak. These response factors can be expected to be different, as the base ion
for the three somers are not all the same. Clearly, the same response factor for one alkylated

PAH cannoet be used for all isomers in that homelog, and further, response factor of the parent
PAH should not be used for higher order analogs.

CONCLUSION:

In this study we demonsirated a methed for finding fragmentation patterns in complex matrices
for compounds of nterest. In doing so, we show why single ion SIM or SIE, smgle ion with
confirmation ion analysis, of use of a single fragmentation pattern will result in over or
underestimation of alkylated PAH abundance. Finally, we showed a brief example of markedly
different response factors obtained for three allkcylated PAH 1somers, demonstrating that a single
response factor 1s insufficient to quantify all homologs. Our results mdicate that diagnostic
ratios of alkvlated PAH, which are used to determine source and weathermg of an o1l spill, mav
lead to erroneous conclusions when single ion SIM or SIE is used to deternune ratios.
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Table 1: Patterns used to identify allyvlated PAH.

Isomers Represented ]:'ra%ﬁ]::?lnuu Qﬁiﬂ:‘;u Confirmation Ions (% RA)
C; Naphthalenes .
1-methyl CiNA¥ 142 (100y | 141 (80) | 115 {300 | 143 (12)
2-methyvl CNB 142 {100y | 141 (31 | 115(16) | 143 (12)
C; Naphthalenes
1; and 2-ethyl C,NA* 141 (100) | 156 (35) | 115 (18) | 142(12)
1.7; and 2_6-dimethyl CyNB*, 156 (1000 | 141 (83) | 15530y | 115(15)
2 3-dimethyl CaNC 141 {100y | 156 (98) | 1535 (30) | 115(23) | 128(1G)
1.2: 1.3; and 1 4-dimethyl C:ND 156 (100y | 141 (73) | 155(18) | 157 (13) | 115(13)
1.5:1.6: 1.8; and 2.7- . o - .

metiryl C,NE 156 {100y | 141 (35) | 15530y | 115(12)
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C3 Naphthalenes
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1-propvl C; M A* 141 (100 | 170 (26) | 115(18) | 142 (12)
2-(1-methylethyl) C; N B* 155 (100 | 170 (300 | 153 (18) | 128(17) | 136(14)
1-methyl-8-ethyl C;NC* 155(100y | 170 (65) | 77 (200 | 133(19) | 115(14)
Unknown isomer C; N D* 155 (100) | 170 (35) | 153 (28) | 128(20) | 156(13)
Unknown isomer G NE* 170 (100 | 15591y | 153 (21) | 169(18) | 171(14)
1.4.5; and 1.4.6-trimetly] CNEY 155 {100y | 17075y | 153 (300 | 152 (25) | 128{20)
Unknown isomer NG 141 (100y | 115 (700 | 170 (30) | 142 (12)
1.6, 7-trimethy] GNH 1700100y | 155(73) | 169(17) | 133 (16) | 171(14)
2.3.6-trimethyl NI 170 {100y | 155(38) | 169 (17 | 171{14) | 153(11)
1-{1-methylethyl) C;NT 155 (100) | 128 (62) | 170 (40y | 115(32) | 127(2T)
Unknown isomer GNEK 155 (100) | 170(92) | 133 (21) | 169 (19) | 152(18)
Cy Naphthalenes
1-methyl-7-(1-
methylethyl) Cy4 N A* 160 (100) | 184 (500 | 154 (200 | 170(15)
1.4.5 8-tetramethyl CyNB* 184 (100) | 162 (68) | 185 (15) | 133 (12)
1.2.3 4-tetramethyl CyNCF 169 (100) | 184 (80) | 170 (14) | 141 (14)
Unknown isomer CyMND* 184 (100) | 169 (02 | 153 (21) | 141 (15)
Unknown isomer C4MNE?* 169 (100) | 184(95) | 153 (25) | 165(25) | 170(15)
2-methyl-1-propyl CyNF 155 (100y | 184 (300 | 156 (14 | 153 (12)
1-butyl CyNG 141 (100) | 142 (300 | 184 (40 | 115 (25)
2-butyl CyNH 141 (100) | 142 (72) | 184 (30) | 115 (23)
1-{2-methylpropyl) CyNI 141 (100) | 184 (30 | 142200 | 115(10)
2-(1, 1-dimethylethyl) CyNT 160 (100) | 141 (46) | 184 (30 | 128(17) | 120(16)
1-{1,1-dimethylethyI) CNKE 160 (100) | 141 (30) | 184 (30) | 120(15) | 128(15)
C; Fluorenes .
1; and 2-methyl C4FAY 165 (100) | 180 (75) | 178 (25) | 179 (25)
4: and 3-methyl C4FB 165 (100) | 180 (94) | 178 (23) | 179423 166 (15)
O-methyl C4FC 180 (100y | 165(93) | 17922y | 178(20) | 181(15)
C; Fluorenes
Unknown Isomer C,FAY 194 (100 | 17901y | 89(17) | 180(14)
2-ethyl and 2, 3-dimethyl C; FB* 170 {100y | 194 (80) | 8920} | 180(17)
Unknown Isomer G FC* 179 (100) | 194(63) | 178 (31) | 89(23) | 180{21)
Unknown Isomer C,FD* 165 (100) | 166 (35) | 194 (25) | 180 (25)
0.9: and 1,9-dimethvl C,FE 170 (100 | 194 (40) | 180 (14) | 89(10)
O-ethyl C;FF 165 (100) | 194 (38) | 166 (16)
C; Dibenzothiophenes
Unknown 1somer C;DA* 198 {100y | 197 (700 | 190 (1%
3-methyl and 4-methyl C;DF 198 (100y | 197 (300 | 199(17) | 99(10)
C; Dibenzothiophenes
(etiyl somers except | ¢, p A% 2120100 | 211 @) | 197 20) | 213 (17
1.2; 1,3; 2 3-dimethyl C;DB* 2120100y | 197 (55) | 211(37) | 213 (25)
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ethyl isomers C.DC
Ci Dibenzothiophenes
4-ethyl-G-methyl C;DA*
1458 146:1.24:2406; . o
26.7- and 3 4.6-trimethy1 | S DB
Unknown isomer C:DC
C; Phenanthrenes )
1; and 4-methyl CiPA¥
2: 3; and 9-methyl C,PB
C; Phenanthrenes

2: and 9-ethvl C,PAF
9.10-dumethyv] C.PB*
Unknown isomer C.PC*
2 5-dimethyl C,PD*=
3.6; 1,7; and 2, 7-dimethyl C:PE
2.3; and 3, 5-dimethyl C:PF
C; Phenanthrenes

Unknown isomer C; P A®
2.3.5-trimethyl C; PB¥
1-ethyl-2-methyl G PC

107 (100)

211 (100)
226 (100)
226 (100)

102 (100)
102 (100)

101 (100)
206 (100)
206 (100)
206 (100)
206 (100)
206 (100)

205 (100)
220 (100)
205 (100)

212 (52) | 184 31)
226 (78)
211 (45)
211 (82)

212(17)
227 (20)
227 (25)

191 (55)
191 (39}

180 (30)
180 (20)

206 (70)
191 (85)
191 (35)
191 (51}
191 (20}
191 (40}

180 (20)
180 (16)
180 (20)
180 (27)
205 (20)
180 (18)

220 (85)
205 (58)
220 (60}

180 (45)
189 (21)
206 (21)

227 (13)
212 (10
212 (20

193 (17)
193 (15)

100 (15)
100 (10)

102 (20)
80 (15)
205 (25)
205 (20)
189 (17)
205 (16)

206 (307
221(18)
180 (20)

204 (1)
101 (18)
204 (12)

* mdicates pattern found in the diesel fuel

* indicates pattern used to calculate peak area and percent underestimated, see Table 2.

Table 2: Comparison of alkylated PAH peak areas by 5IM and full scan mass spectromeiry
using one fragmentation paitern per homolog versus spectral deconvolution of full scan

data.
Experimental Retention Indices | % Overestimation | % Underestimation
PAH Homolog From To (SIM) (Single Pattern)

C; WNaphthalene 216.73 227 87 ] 0

C, WNaphthalene 23529 25553 1 54
C; WNaphthalene 25047 27915 4 12
Cs Waphthalene 270.72 20039 20 16
C, Fluorene 285.90 20771 3z 0

C; Fluorene 20039 31944 3 72
C: Phenanthrene 316.88 32067 4 2

C, Phenanthrene 330.77 35050 2 15
Cs Phenanthrene 34539 373.16 7 72
C1 Dibenzothiophene 31031 322.00 251 100
Cz Dibenzothiophene 32402 34320 30 27
C; Dibenzothiophene 33881 357 81 20 14
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Notes:

1. The SIM signal is based on the molecular ion for each homolog.

2. The full scan signal is based on one fragmentation pattern per homolog as shown in Table 1.
3. The S5IM and full scan data are compared against the peak areas obtamed by the
deconvolution soffware nsing the fragmentation patterns listed in Table 1 for each homolog,

4. The retention index range 1s used to calculate pealk area differences.

Table 3: Response factors of C; and three Ci;-naphthalenes using various extracted ions for
area integration.

Response factor for ion
. 0 RE
Compound Actual Base Ion m'z 156 s RSD
IWaphthalene 0.918 - 3.000
1-ethylnaphthalene 1.434 0.645 6.667
1,2-dimethyinaphthalene 1.073 0.950 1.667
2 3-dimethvinaphthalene 1.477 1.477 7.333

2 5E+54

i

F

28E+5
1 AE+3

] I|
1 045 W‘

E W
Sil+4

iw . w1 |1| 1

L EI | I

——1 I Heart Cut 14 C, naphihalingy ——— | |
Az Cy naphthalcpcs = b
)
and G Mn'ﬂw{ifas C_-ﬂajlrl‘fnﬂlcnﬁ |
Bl T T I T N B T T I|l ] ﬁ PH [ # ﬁ W M @ A B @ W B % @ A W ﬁL‘I":u

Figure 1: FID trace of neat diesel on DB-1701ms column and TIC of Heart Cut 14. Elution
windows for C; to Cy naphthalenes are indicated.

NEMC 2008 8

158




NEMC 2008

Figure 2: (3) Extracted ion profile for the molecular ion for Cy-naphthalene at m'z 184 from a
1D GC/MS analvsis. (b) Extracted ion profiles for m'z 184 (blue). 169 (light green). 170 (red).
and 141 {Light blue) froma 1D GC/MS analysis. Ion chromatograms from 21.25 to 22.00 min
and 24.00 to 24.75 min do not co maximuze. (c) The same ions, extracted from heart cuts 14 and
15. Ewident is the fact that 1on profiles are much “cleaner.” Also evident is the fact that peak
profiles from the windows tndicated above are either cleaner or don current 1s dramatically
reduced. (d) A composite view of 1D-data as visualized in the Ion Simature software. Peaks are
mdicated with a letter coinciding with a pattern from Table 1 optimized to match the peak
profile. Note that between 20 and 21.8 min and at 24.75 min, no literature or found patterns
match the peak profile ion current, in agreement with results seen in heartcuts 14 and 15.
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Heart Cut 14

Figure 3: Miror image reflection of data as visualized in the IFD software. Top portion of the

figure shows that three peaks are a good match for Cy W A, while the two outside peaks are not.

The bottom portion of the figure is an inverted view of the same peaks as visualized when using

pattern Cs N D. Now evident is the fact that the two outside peaks are a good match for C: N D
but not the three inside peaks.
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What’s Wrong with Forensic
Environmental Methods?

Christian Zeigler* and Albert Robbat, Jr.

The Approach

* Quantitative analysis by GC/MS of
selected components and families
— PAH and Alkylated PAH
—Use ratios: e.g....

» Delineate weathering (water washing,
evaporation, degradation)

» Determine source
* Direct remedial efforts and assign blame
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The Problem

Unresolved Chromatograms Mean
GC Separation = Dramatic increases in

— false positives/negatives
— sample preparation
> — sample reanalysis rates

Signal

500000 i .
Dramatic decreases in

— precision and accuracy
— sensitivity
— robustness

400000

Signal

300000

200000

100000

o =s

180 220 260 300 340 360
Mass

Current Methodology:

Selected lon Monitoring

» One or two m/z values per compound or
family
— Higher sensitivity *(but only if..)
— |dentification based on retention time
« Little advantage over FID

— At best co-maximization of confirming ion with
molecular

— Assumes all ion current due to compounds of
interest and all are similarly fragmenting
+ Response factors
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Automated Sequential

GC-GC/MS of Diesel #2

FID

o 1 | 1 0 e | T 1 IE (7] 1i| e T T T 1

TIC Cut 14

- i

= 10 : =¢ 30
"y

M‘AMKM'LL‘J’M FID Diesel Fuel #2, DB-5ms
i\h—l i [

Alkylated PAH, Deconvolved
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C,-Naphthalenes - SIM

m/z 184, 1D

N A% Nl nM BB LN BB BM BE BY BN MW NN M0 MN BN BE BN

C,-Naphthalenes - 1D

lons for 1,2,3,4-tetramethylnaphthalene

\ | \ VA
\J v

A5 A% A DM BB 19 OB B0 BB BN B5 AN HE MO HB B0 55 5%
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C,-Naphthalenes -
Heart Cuts

Results: Over and
Underestimation

Experimental Retention Indices | o4 Overestimation | % Underestimation
PAH Homolog — To (SIM) (Single Pattern)

C, Naphthalene 216.73 227.87 0 0

C, Naphthalene 235.29 255.53 1 54
C, Naphthalene 25047 27915 4 12
C, Naphthalene 270.72 299.39 20 16
C, Fluorene 285.90 297.71 32 0

C, Fluorene 299.39 31944 3 72
C, Phenanthrene 31688 32967 4 2

C, Phenanthrene 33077 35050 2 15
C, Phenanthrene 34539 37316 7 72
C, Dibenzothiophene 31031 32200 251 100
C, Dibenzothiophene 32492 34320 30 27
C, Dibenzothiophene 33881 35781 29 14
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Response Factors

+ Relates signal to concentration
+ Based on fragmentation

156 141155

141

epr @ror

Response factor for ion

ooy Actual Base Ion m'z 156 w0
Naphthalene 0.918 - 5.000
1-ethylnaphthalene 1.434 0.645 6.667
1,2-dimethylnaphthalene 1.073 0.950 7.667
2,3-dimethylnaphthalene 1.477 1477 7333

+ Significant differences
» Limited number of isomers
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Conclusion

+ Single ion SIM will lead to overestimation
+ Single pattern to quantify all homologs will
underestimate
— Must use multiple patterns
— GC-GC/MS good method for library building
+ Response factors are fragmentation
specific
— Manufacture necessary for accurate
guantiation
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Real-Time Measurement of EPA Regulated Volatile and
Semivolatile Contaminants in the Field Using a New Toroidal
Ion Trap GC-TMS

Douglas Later

Toron Technologies, Inc.

796 E. Utah Valley Dirrve, Ste 200
American Fork, UT 84003
B01-705-6801

doug later@torion.com

ABSTRACT

A wide vanety of environmental sample matrices, including liquids and solids are routinely
sampled and transported to a central laboratory where they are processed using laboratory
mstrumentation. Detecting target environmental analytes in real-time at the sampling site using a
hand-portable miniaturized gas chromatograph-toroidal son trap mass spectrometer (GC-TMS)
can reduce sampling costs, mcrease sample throughput, and provide time-effective data, even
with complex matrix samples.

Environmental compound mixtures are introduced to the GC-TMS system using a solid phase
microextraction (SPME) fiber with a 65 um polydimethylsiloxane-divinylbenzene (PDMSDVE;
Supelco. Bellefonte, PA) coating that is exposed to the sample for ~5-60 seconds. Separation
occurs on a resistively heated low thermal mass (LTM) capillary GC (MTH-5, 5mx 0.1 mm 0.4
um df) coupled directly to the TMS. Most compounds of environmental concern can be detected
using this GC-TMS that demonstrates unit mass resolution or better over a mass range of 50-300
Daltons. Embedded peak deconvolution algorithms are used to deconvolve co-eluting peaks and
confirm the identification of envirommental target analytes by comparison with a user-defined,
pre-loaded compound library. Detection limits in the low picogram range are possible.

Examples of the mstruments performance with velatile and semivolatile orgame compounds will
be highlighted in this presentation. For example, a mixture of U.S. Environmental Protection
Agency’s (EPA) 624 volatile halocarbon organic compounds was spiked mto culinary tap water.
After exposure of the PDMSDVE SPME fiber to the spiked water sample for ~ 10 seconds and
mjection into the GC-TMS, 24 of 26 compounds were chromatographically resolved in less than
65 seconds with positive identification of all 26 target analytes achieved using the deconvolution
software. Other toxic industrial compounds (TICs), including dimethyldisulfide,
pentafluorotribenzyl-phosphate, pyridine, 4-chloroacetophenone, hexachlorobenzene,
dinttrotoluene, 2-4 ring nevutral polycyclic aromatic hvdrocarbons (PAH) and diethyiphthalate, as
well as several chenucal warfare agents and their precursors and smmulants, have also been
analyzed and inchuded in the GC-TMS library. Selected examples of such semuvolatile analytes
will also be presented and discussed to illustrate the functionality and application of this new
mneovative technology for contaminant measurement i real time durng field sampling,

NEMC 2008
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Presentation Outline

Analytical Field Measurements: Criteria & Trends
Why GC-TMS

Instrumentation:

— SPME Sampling and Injection

— Capillary Gas Chromatography

— Toroidal lon Trap Mass Spectrometer

Examples of Environment Analyses

— Volatiles

— Trihalomethanes

— Semivolatiles

| TORION"
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Criteria of Field Measurement

Analyte to be detected Determination of agents most likely to be encountered

Lowest concentration of target analyte that results in
Sensitivity positive response; ideally, lower than levels necessary
for injury to personnel

Factors such as smoke, moisture, or other chemicals

Resi to interfi e that prevent the device from accurately providing a
response

Response time Time to collect, analyze, and provide feedback

Start-up time Time to assemble and deploy the device

Detection status Vapor, liquid, andlor aerosols

Alarm capability Audible, visual, or both

Portability sm‘l)r::spom which encompasses weight and

Power capabilities Battery versus alternating current

Battery needs Quantity and type of batteries

Clperaﬂcnal environment :msafcurﬂiﬁunsundu which the device

Durability Amount of abuse the device withstands

Procurement costs Cost per device needed

Operator skill level Skill involved in using the device

Number of hours and type of educational background

Training requirements required for operation

TORION"

Field Analytical Measurement Trends

— Faster and faster analysis methods

— Increase measurement sensitivity

— Increase measurement selectivity

— Reliable operation in harsh environments

— Increase productivity

— Increase data delivery efficiency: quantity +time
— Readuce analytical costs

4| TORION"
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Why Mass Spectrometry?

+ GC-MS is the legal and laboratory standard for
chemical identification

« High sensitivity and high selectivity (especially
using GC inlet)
- High Sensttivity = Low false negative rates
— High Selectivity = Low false positive rates

— Much higher selectivity than spectroscopic techniques or
ion mobility spectrometry (i.e., molecular weight, fragment
ions, relative intensities vs. one ion mobility value)

TORION"

Why lon Trap MS?

« Simple, rugged design (no critical alignment
of ion optics)

» Less stringent vacuum requirements
(requires 1 mtorr operating pressure)

High duty cycle = High sensitivity

Low power (especially with small ion trap
mass analyzers)

TORION"
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Mitigating Factors of lon Trap MS

+ Barriers to miniaturization _ -8V
— 3-Diontrap is an “ion bottle” 1 m(ruz +22§ )Q3
with somewhat fixed relative
dimensions (r, vs. z,)
— lon-ion repulsion (space
charge)

+ Commercial traps optimized at
r,=1cm, ~16 kV,,

+ Decrease of r, yields lower rf
power (by the square of the
reduction), but will lead to earlier
onset of space charge

| TORION"

Cylindrical vs ToroEdaI lon Trap

<

.-t‘\”l.
E‘/AEL\'

Conventional lon Trap Toroidal lon Trap

| TORION"
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TMS Electrodes and Analyzer Assembly

RF Trapping Field:
- ~4 MHz

- ~1200 (max u'rp_p

Resonance Ejection:

- ~1.6 MHz - 110 KHz

- ~3.5t0-1.5V amplitude
Pressures:

— He buffer gas: 10 to 10 mbar
CEM Detector

| TORION™

GUARDION ™ -7 GC-TMS

Specifications

* Dimensions: 47 cm x 36 cm x 18 cm

+ Weight: <13 kg or 28 1bs (including batteries)
» Peak Power: ~ 80 W

+ Sample Introduction: SPME

*+GC: RTX-5,5mx0.1 mmx 0.4 um

+ TMS: Toroidal lon Trap

*Mass Range: 45 to >500 Daltons

* Resolution: < Unit mass

» Vacuum: turbo molecular and roughing

pumps
\ + ~50 Analyses: battery power

* 18.5" * + ~100 Analyses: cartridge He gas supply

TORION"
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TMS Resolution > Unit Mass

83 Dichlorobromomethane
5 R =0.55 unit
» 87
% Jih A | i
13 Dibromochloromethane
) R =0.68 unit
g |
| 131

| TORION"

LTM Capillary Gas Chromatograph

* Column: Wx 0.1 mm x 0.4 pm)

st

lbn: Split ratio 20
) to 270°C (hold 10 s) @ 120°C/min
(including cooling & data analysis)

Cooling Fan

TORION™
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SPME Sample Collection-Injection

| TORION™

Sampling Techniques
* Head Space

* Direct Immersion

* Direct Contact

The Challenge of a Universal Sampler

» Concentrations ranging from

% 1 parts per trillion to percent
= Wide boiling point range
DIre a » Sample matrix
ampling = Chemical activit
C
O
N -
C
B e 0 quid
= O
PPT ,_
Gas Vapor Liquid Solid
| TORION"
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Examples of Environmental Applications

 EPA 624 Volatile Halocarbons
— Spiked into Drinking Water
— Detected in a Soil SRM

 Trihalomethanes (THMSs) in Drinking Water

« EPA 8270 Semivolatiles in Water
— Different SPME Phase

TORION"

EPA Method 624 Volatile Halocarbons

166

164
Perchioroethylene Perchloroethylene
1
o | =
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| TORION™ Spiked into Drinking Water: 1-10 ppm
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Mass Spectra: Bis(2-chloroethyl)ether
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TORION"

Peak Deconvolution and Identification

« Original mass spectral data effectively resolved into components
= Extract accurate individual mass spectra for each analyte
= Accurately distribute the signal from masses shared by several components

N

0477 0486 @405 @SS T BSI1 DS DS 0SM OM5 0S8 046 05TL BS 0Ss 0% Da

TORION™
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Sampling Procedure
VOCs in Soil

* 1g of Soil SRM into 3mL H,0
* Initial Column Temperature: 40 °C
» Extraction: Shook sample for 10 seconds,
then sampled headspace with SPME for 50
seconds, repeated 5 times at room temperature
» SPME: PDMS/DVB phase—direct exposure

TORION"

VOCs in Soil (23 of 42 compounds identified)
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TORION” Soil Standard Reference Material
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VOCs in Soil
(23 of 42 compounds identified)

1 carbon tetrachloride 13 xylene

2 benzene 14  isopropylbenzene

3 trichloroethene 15 bromobenzene

4 bromodichloromethane 16  1,3,5-trimethylbenzene
5 cis-1,3-dichloropropene 17  1,2,4-trimethylbenzene
6 toluene 18  1,3-dichlorobenzene

7 trans-1,3-dichloropropene 19 1,4-dichlorobenzene

8 1,1,2-trichloroethane 20  1,2-dichlorobenzene

9 tetrachloroethene 21  1,2-dibromo-3-chloropropane
10 chlorobenzene 22  1,2,4-trichlorobenzene
11 1,1,1,2-tetrachloroethane 23  naphthalene

12  ethylbenzene

TORION"

VOCs in Soil
(19 of 42 compounds not identified)

1 1,1,1-Trichloroethane 11 bromomethane
2 1,1,2,2-Tetrachloroethane 12 chloroethane
3 1,1-dichloroethylene 13  chloroform
4 1,2,3-trichloropropane 14  chloromethane
5 1,2-dichloroethane 15 cis-1,2-dichloroethylene
6 2-butanone 16  MTBE
7 2-hexanone 17  methylene chloride
8 4-methyl-2-pentanone 18  Styrene
9 acetone 19  Trichlorofluoromethane
10  bromoform
TORION"

182




NEMC 2008

Bromodichloromethane

100
NIST Spectra “'
Bromodichloromethane ]
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1,2-Dibromo-3-chloropropane
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SPME Analysis of Trihalomethanes

Chloroform
Bromodichloromethane _
Toluene (DI water contaminant) 5 1 00 ppb

Dibromochloromethane

4
Bromoform
3
1 ? }\
A A fL e A TIL‘ f}
13 Do

T 1
llt::ﬁi;]:lll 00:00: 00:00:30 :T]:lll 00:00:50 0o:01:00 oo:01:10

10 ppb

OO =

TORION" Spiked into Drinking Water: 0.01-0.10 ppm

Sampling Procedure
8270 Semivolatiles in Water

= 20pL of 8270 Megamix into 10mL H,0O
* |nitial Column Temperature: 80 °C
* Extraction: Immersion of SPME fiber for 5
seconds in sample for sample collection
» SPME: 3 phases used:
» PDMS/DVB/CAR
* PEG
= PDMS/DVB

TORION"
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EPA 8270 Semivolatiles Standard (76 compounds)

= PEG SPME Phase
L3 [« ] 52 comi;;os%d;iigentiﬁed
. m 43,44 g
"
- e |
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Wl ' ey Y | |
5000 i || | J | ||| Y A lllll". / \\- Iﬁ \-“ | \ [ p”r
JUIE W Al A [ .‘| I\ k\‘j vy W LR N Y O e
e P P e e T e e
o0 00 40 (LR ] 0001 08 00011 L) o 30 [t L oo 00011 000z e
TORION" Spiked into Tap Water: 1-10 ppm each

Fluoranthene and Pyrene Elution
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8270 Semivolatile Compounds in Water

(52 of 76 compounds identified)

1 Aniline 2,4-Dimethylphenol 3 2,4-Dinitrotoluene
2 Phenol 20 2,4-Dichlorophencl 38 2,3,4,6-Tetrachlorophenol
3 Bis(2-chloroethyl)ether 21 1,2,4-Trichlorobenzene 39 2,3,5,6-Tetrachlorophenol
4  2-Chlorophenol 22 Naphthalene 40 Diethylphthalate
5  1,3-Dichlorobenzene 23 4-Chloroaniline 41 4-Chlorophenyl phenyl ether
6  1,4-Dichlorobenzene 24 Hexachlorobutadiene 42  Fluorene
7  1,2-Dichlorobenzene 25 4-Chloro-3-methylphenol 43 Diphenylamine
8 Bis{2-chloroisopropyl)ether 26 2-Methylnaphthalene 44 Azobenzene
9  Benzyl alcohol 27  1-Methylnaphthalene 45 4-Bromophenyl phenyl ether
10 N-Nitroso-di-n-propylamine 28 Hexachlorocyclopentadiene 46 Hexachlorobenzene
11 Hexachloroethane 29  2,4,6-Trichlorophenol 47 Phenanthrene
12 2-Methylphenol 30 2,4,5-Trichlorophenol 48 Anthracene
13 4-Methylphenol 31 2-Chloronaphthalene 49  Di-n-butylphthalate
14  3-Methylphenol 32  2-Nitroaniline 50 Fluoranthene
15 Nitrobenzene 33 Dimethylphthalate 51 Pyrene
16 Isophorone 34 Acenaphthylene 52 Benazyl butyl phthalate
17 2-Nitrophenol 35 Acenaphthene
18 Bis(2-chloroethoxy)methane 36 Dibenzofuran
TORION"

8270 Semivolatile Compounds in Water

(24

of 76 compounds not identified)

1 Nitrosodimethylamine 13  carbazole

2 Pyridine 14  bis(2-ethylhexyl)adipate
3 1,4-dinitrobenzene 15 benz(a)anthracene

4 1,3-dinitrobenzene 16  chrysene

5 2,6-dinitrotoluene 17  bis(2-ethylhexyl)phthalate(dioctyl)
6 1,2-dinitrobenzene 18  di-n-octyl phthalate

7 3-nitroaniline 19  benzo(b)fluoranthene

8 2,4-dinitrophenol 20 benzo(k)fluoranthene

9 4-nitrophenol 21  benzo(a)pyrene

10  4-nitroaniline 22  indeno(1,2,3-cd)pyrene
11  4,6-dinitro-2-methylphenol 23 dibenz(a,h)anthracene
12  pentachlorophenol 24  benzo(g,h,i)perylene
TORION"
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PEG vs PDMS/DVB/CAR SMPE Phases
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_ PEG vs PDMS/DVB SPME Phases
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Hexachlorobutadiene & 4-Chloroaniline
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2-Chloronaphthalene
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Dibenzofuran
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NIST Spectra a0
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4-Bromophenyl phenyl ether
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Thank You for Participating Today

Solid Science— Creative Ideas— Innovative Products

| TorION"
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Hydrazine - A New Analytical Approach

Ali Haghani, Dr. Andrew Eaton, and Dr. Jim Wan; MWH Laboratories, 750 Roval Oaks
#100, Monrovia, CA 91016; 626-386-1138; ah haghani@mwhglobal com

ABSTRACT

Hydrazine has been used extensively for the past half of the century. Annually 260 tons are
manufactured and vsed m many applications mcluding in defense, Pharmaceuticals, power and in
aerospace industries. In addition to manufacturing, two studies one by Shank and Whitaker
{1998) and the other one by Najm et al (2005) demenstrated that hydrazine can be potentially
formed during chloramination as disinfection byproduct (DBEP) under high free anumonia and/or
high pH in drinking water.

Hydrazine 1s classified by the U.S. Environmental Protection Agency (EPA) as a “probable
human carcinogen” with a 10-6 cancer risk level of 10 ppt (ngL) in drinking water. Same level
of toxicity seen in NDMA another DBEP associated with use of chloranunation during water
treatment. In 2008 EPA published their CCL3 (Contanination Candidate List3) for potential
firture collection of nationwide occurrence data through UCMES (Unregulated Contaminant
Monitoring Fule 3) and hydrazine was mcluded in the list.

In this context. high-performance analytical method 1= of essential importance for the precise and
accurate monitoring of trace level of hydrazine in aqueous environment. Currently there 15 no
EPA approved method for performung this analysis. The most current and sensittve method that
has been published for this compound vses an off-line extraction followed by derivatization and
analvsis using Gas Chromatography Mass Spectroscopy in tandem i Chenucal Iomzation mode.
With a 250 concentration step one can aclueve detections close to the 5 ppt (ngL) levels.

IMWH laboratonies have developed a new simplified method for analysis of hvdrazine that does
not require an off-line enrichment step and it only requires less than 10 ml of sample collection to
reach equal or lower than 1 ppt of detection.

The authors will discuss the method approach, the limitation of the method, and provide data on

precision and accuracy of the method under routine conditions, and provide data on the Lowest
Concentration Minimum Reporting Limit (LCMEL) achievable with this method.

NEMC 2008
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Hydrazine Analysis
a
New Approach

Ali Haghani
Andrew Eaton, Ph.D.
Jim Wan, Ph.D.

MWH Laboratories
Monrovia, CA 91016
www.mwhlabs.com

Why interest in Hydrazine

260 tons annually used.

(EPA) as a “probable human carcinogen” with
a 10 cancer risk level of 10 ppt (ng/L) in
drinking water.

Another Disinfection byproduct (DBP)
associated with chloramination, similar to
NDMA.

Hydrazine is included in Contaminant
Candidate List 3 (CCL 3) released in 2008 for
possible national monitoring for UCMR 3.

Developing a method for a pilot study
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Agenda

¢ To demonstrate a brand new method for
analysis of hydrazine in aqueous matrices at
ppt levels.

¢ To demonstrate the set up and discuss few
analytical challenges encountered and how
they were resolved.

¢ To assess precision and accuracy of the
method in real world type matrices.

Currently available methods

Photometric
uv
Fluorescence
GC

GCMS, CI
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The set up
HPLC-SPE-MS/MS : First challenge

Quadrupole 1 Quadrupole 2

m_’
[H N —NH. &
JFL N —IH,

Precursor lon
Product lon

The challenges of using LC-MS-
MS for hydrazine

¢ Hydrazine with formula weight of 32
amu is too small to give a reliable
fragment:

N—NH, — = H,N—NI, — = H3N+_NH2 ;H,.- H3N+—NH.
m/z 32 m/z 32 m~z 33 'z 32
H,N, HN, HzN, H,N,
M M M+H M

-H :
H, N —NH; ———= HN"NH,

iz 32 vz 31
HN, H,N,
b M+ H - H,
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Octanol-water Partition coefficient poses:
The Second challenge

Calculated LogP: -1.19+/- 0.44

LogP for water: -1.38+/- 0.21
LogP for methanol: -0.72+/-0.18
LogP for Chloromethane: 0.97+/- 0.20

RP technology will not work.

Solution to both challenges was
derivatization approach

¢ Ortho-phthaldehyde (OPA)
¢ Dansyl chloride

¢ 9-fluorenylmethoxycarbonyl chloride
(FMOC-CI)

¢ 2,3-anthracene dicarboxaldehyde (ADA)
¢ 2,3-naphtalene dicarboxaldehyde (NDA)
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DansylI-Cl and FMOC-CI ruled out

¢ There are more than one possible
product:

Average Mass = 498.6176 Da

& Producing one stable derivative

o] CH
NH-NH,
H WH, H
H Bas H SHO
o] o]

cyclohexa-2 6-diene-1,2-dicarbaldehyde [OPA)

H
T
[ I N—NH,
H
o]
Average Mass = 136 1479 Da
\
fogP: 0.78+/- 0.59

Average Mass = 132.1625 Da

B 7-dihydrophthalazine
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NDA as the derivatization agent

¢ Generates one stable derivative

naphthalens-2, S—d\carbal dehyde
H

Awerage Wass = 1841807 Da
TN g
L NH
LogP: 1.69+/- 0.21 N B0
H
oH

H

Luerage Maszs = 1802053 Da

‘\
‘ M—NH,

benzo[glphthalazine

Fluorescence tech. done in acidic
conditions

¢ hydrazine is a base n
and in acidic HaN —NHj
environment 99% . .
of hydrazine are in H3N —NH

protonated stage
which will suppress
the nucleophilc
reaction.

In Base the lone
pairs are free to
react.
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Derivatization optimum
conditions

Due to the lone pairs on the Nitrogen of
hydrozine the more basic conditions favors
the rate and completion of the reaction.

In acidic conditions only when pH dropped
down to <3, we saw product formations.

Room ambient temperature worked better

than >30C.

Rate of the reaction was faster than could be
measured <1min.
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MS/MS Optimization

Hydrazine
Confirm-1

Confirm-2

IS-N 15

Dual Gradient Pump

from Right
Pump

Analytical Column

Autosampler

LCMSMS

1st Step:
Sample enrichment
Analytical column equilibration

SPE Column
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Dual Gradient Pump Dual Gradierﬁt P”mp

 from Right
Pump

from Right

3 Step:
ical separation and detection

= colidmn

2nd Step:
_Transfer to analytical column
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Linear through zero
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Spike at S5ppt/Hydrazine-D4
Calibrated with Hydrazine

Internal Std Hydrazine-N'°

Transition 181->154 181->127
IS - IS - IS - IS -
based | based ES - based | based ES- ES -
15 183- 183- based 183- 183- based | | based
transition | >155 »127 »165 | »127
lcs1 5.12 5.03 4.13 482 4.88 3.85 4.75
les2 5.27 | 5.01 3.68 5.51 4.92 3.84 3.95
Avg
Recovery | 3.91 5.02 3.91 5.17 | 4.90 3.85 4.35
Ave
Recovery
%
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Cont. 50ppt std

Transition 1681-=154 181-=127 181-=77
IS -baged |Z -based | -based | -based
ES -based ES -based — ES -based
IS transition 183-155 183-2127 183-»155 183-2127
les1 43.10 46.20 47.80 42.80 45.00 47.20 47 60
lcs2 46.00 46.50 51.40 4480 45.00 5010 4860
lcs3 4170 44,80 47.40 40.70 43.80 46.30 47.40
lesd 4250 43.00 46.30 44.40 4460 48.50 47.10
lcsh 42.40 43.00 47.70 4270 43.10 45.00 4590
lcsB 359.80 43.80 48.10 39.80 44.20 45.20 50.30
les? 44.40 43.40 49.30 43.30 4280 48.10 4390
Avg
Rec
over
¥ 4284 44.27 48.30 42.60 44.09 48.06 48.69
Ave
Rec
over
¥% 8569 88.54 96.60 85.20 88.17 96.11 9737
% RSD 5% 3% 3% 4% 2% 2% 3%
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Conclusion

¢ A new approach for Hydrazine analysis is
demonstrated

¢ This technique can be used for pilot studies

Thank you for your attention

Questions?

.~
Contact: 4 |

Ali.Haghani@mwhglobal.com

Andrew.Eaton@mwhglobal.com

205




NEMC 2008

Improving Accuracy and Sensitivity for 1,4-Dioxane Analysis

Mark Bruce

TestAmerica, Inc.

4101 Shuffel 5t NW

North Canton, OH 44720
330-966-7267

mark bruce@testamericaine. com

ABSTRACT

Groundwater contaminzation with 1 4-dioxane has become a common problem since tius chemical
has been used both as a fuel oxygenate and industrial solvent. Analvsis down to the low parts per
billion level is needed to support many risk based cleanup or decision thresholds. A varety of
analytical techniques have been used over the past 20 vears to determmne 1 4-dioxane in water
samples. Indtially sensitivity was limited to parts per million levels using direct aqueous injection
mto a GC with flame ionization detector. Purge & trap GC/MS volatiles analysis mitially
produced reporting limits (RL) of about 500 ugL. The addition of azeotropic distillation sample
preparation to the GC-FID improved the reporting limits to about 50 ug'L. Owver the vears
mprovements i purge & trap GC/MS technology have mproved full scan reporting limits to 100
- 200 ug'L for volatiles analysis. Alternatively liquad-licquid extraction with full scan semivolatile
GC/MS analyvsis produced 10 ug/L reporting linits. Recent sensitivity improvements in
sermivelatile GC/MS mstrmumentation have mproved reporting limits to 1 ugL. However, typical
1.4-dioxane recoveries are 30-60% with the serivolatile analvsis option.

Recent mass spectrometer mstrumentation developments now allow both full scan and selected
1on monitoring (SIM) during the same analytical mn. This facilitates using SIM for 1.4-dioxane
along with a standard volatiles analysis. This advancement has reduced reporting limits to 5 ug'L
for the volatiles analysis as well. In addition, calculated analyte recovery generally falls between
80 and 120%. Addition optimizations in the purge and trap system have further reduced the RL
to 1 ug’L. Adding a deuterated 1 4-dioxane mnternal standard at the begmning of the sample
preparation process for either the volatile or senu-volatile analysis options mmproves calculated
analyte recovery even further. The choice as to which method is best will depend on a variety of
factors including, sensitivity, accuracy, other analytes of interest, turn around time and cost.
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TestAmerica Why look for 1,4-Dioxane?

THE LEADER IN ENVIRONMENTAL TESTING

Common ground water contaminant
Uses

~ Fuel oxygenate

~ Solvent

~ Solvent stabilizer

Byproduct in consumer products
EPA classification:

~ Group B2, probable human carcinogen
- One-in-a-million increased cancer risk at 3 ug/L
- http /. epa govitn/fatw/hithef/dioxane. html

Qe

207




NEMC 2008

TestAmerica What methods were used?

THE LEADER IN ENVIRONMENTAL TESTING

* Direct aqueous injection, GC-FID (Method 8015)
~ Reporting limit: 1000 ug/L

+ Azeotropic distillation, GC-FID
(Methods 5031 & 8015)
~ Reporting limit: 40 ug/L

TestAmerica What methods were used?

THE LEADER IN ENVIRONMENTAL TESTING

* Liquid / liquid extraction, GC/MS (Method 3520 & 8270)
~ QOriginal reporting limits: 10 ug/L
~ Recent improvements reduced reporting limits:1 ug/L
~ Low biased results
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TestAmerica What methods were used?

THE LEADER IN ENVIRONMENTAL TESTING

* Purge & Trap, GC/MS (Method 5030 & 8260)
~ Full scan reporting limits: 50 - 200 ug/L

~ Poor purging efficiency

TestAmMenca  compare 8260 & 8270 Results

THE LEADER IN ENVIRONMENTAL TESTING

* Method 10000
8260 Y
calibration % S 00
through » 1000 . '
sample 8 oS .
re T
Prep Z 100 +* *
corrects 5 *
2 % % M 8260
o =
for low £ . TR 5
absolute g jod *
5 * @
recovery o
1 L] L] Ll
1 10 100 1000 10000
Concentration by 8270 (ug/L)
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Te;fAmerlco Add Selected lon Monitoring

TH

* Purge & Trap, GC/MS (Method 5030 & 8260)
~ SIM reporting limits: <= 5 ug/L
~ Optimized P&T conditions
~ 1,4-dioxane-d8 internal standard
~ Not compromise other VOC analytes
~ Utilize simultaneous Full scan & SIM GC/MS

TeszmerICO 1,4-Dioxane Spectra

TH

lons for selected ion monitoring highlighted in yellow

T Reference Spectrum for 1,4-Dioxane

< 1.0 58 88~

S /‘13 4 /59

X . | .
0.0ilirli|alllilllllllllrlllllll'|llit|

> 40 50 60 70 80 90 100

;& Reference Spectrum for 1,4g£ioxane-ﬂ8

% 4.03 46\ 62\ / 91 96‘/’

= 0-0 1 l T i 1 I LI } 1 l LU I } LELIL [ LELEBLILI I Ul ik [ l‘lli T l

> 30 40 20 60 20 80 90 100 |

210




NEMC 2008

TestAMenca  44.pioxane-d8 is better ..

TH R

* Deuterated 1,4-dioxane internal standard compensates
for matrix effects better

120
m Using Fluorocbenzene as Internal Standard
m Using 1,4-Dioxane-D8 as Internal Standard
100
80 -
2
2
g eo-
2
g
40 -
20 -
0 -
0] 170 35
9 Percent Salt
TestAmeri
esizymnerica Limited by Carryover
THE LEADER IN ENVIRONMENTAL TESTING

* Low purging efficiency leaves
much analyte behind in water

* Analyte carryover into
subsequent analyses

~ ~0.51t05%
* Longer bake time
* More rinses

10

211




NEMC 2008

TestAmerica Limited by Carryover

THE LEADER IN ENVIRONMENTAL TESTING

* Leads to longer cycle time, reduced productivity,
increased cost per run

* Instrument can produce 1 ug/L RL,
but carryover limits the practical RL to 5 ug/L

» Investigating claims of reduced carryover P&T systems

11

TestAmerica Method 8261 Vacuum
Distillation

* Vacuum Distillation apparatus
~ Agilent 6890/5973 GC/MS System

+ Wide Variety of Matrices

« RLs similar to 8260

* 1,4 Dioxane to 5 ug/L

12
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TestAmerica Method 8261 Calibration

THE LEADER IN ENVIRONMENTAL TESTING

Routine Calibration Range 5 -200 ug/L
1,4-Dioxane

~ + Large Suite of monitored analytes
Wide variety of matrices

~ 5g aliquots typical
Full scan spectra

13
TestAmernca 1 4-Dioxane by Method 8261
« Calibration Curve
Call Calz Cal3 Cald Cald
Analyte 25ng* 50ng* 250ng* 500ng* 1000n g* MEAN WRSD
1,4.Dioxane 415.51 436.09 371.52 358.11 338.72 3683.99 10.6
* mass per 5 mL Reagent water
* 10.6 %RSD over five point calibration spanning
25-1000ng
+ Many different & challenging matrices
~ Waters, soils, tissues
~ Single Calibration
~ Low reporting limits
14
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TestAmerica 1,4-Dioxane MDL by 8261

* Performed by spiking 12.5 ng of 1,4-Dioxane into
5 mL of reagent water (2.5 ug/L)

+ MDL = 1.345 ug/L
* Mean recovery = 3.084 ug/L

* Mean percent recovery 123%R

REP1 REF2 REP3 REF4 REP5 REPG REF7

365 265 285 38 253 3m 275

15

TeSTAmeriCO Compare Current Methods

+ Method 8270
~ Reporting Limit
“ 1 ug/L
~ Strengths
° Lower RL than 8260 full scan
° No extra cost if 8270 analytes already needed
~ Limitation
° Results can have low bias (50-75%)

16
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TeSTAmeriCq Compare Current Methods

+ Method 8260 full scan

~ Reporting Limit
° 50 ug/L

~ Strengths
“ No extra cost if 8260 analytes already needed
° No modifications to “normal” instrument parameters
¢ Limited carryover problems

~ Limitations
¢ Higher reporting limit
° Low relative response factor

17

TeSTAmeriCq Compare Current Methods

* Method 8260 SIM with 1,4-dioxane-d8 internal standard
~ Reporting Limit
°1-5ug/L
~ Strengths
¢ Lower reporting limit than 8260 full scan
° Fewer bulk matrix effects than 8260 due to
purging efficiency differences
° Better accuracy than 8270
° Relative response factor near 1
~ Limitations
° Operating parameter optimizations reduce productivity
¢ More frequent carryover problems
° More sensitive to spectral interference from coelutions

18
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TestAmeric Compare Current Methods

THE LEADER IN ENVIRONMENTAL TESTING

+ Method 8261 full scan

~ Reporting Limit
“ 5 ug/L

~ Strengths
° Full scan spectra
° Applicable to many matrices
° Better accuracy than 8270

~ Limitations
¢ Smaller autosampler capacity
° More setup labor

19

TestAmeriCO Which method to use?

* The right choice will depend on:
~ Matrix
~ Reporting limit
“ 1, 5, 50 ug/L
~ Accuracy
° +/-25%, -75-10%
~ Historical trend data
¢ What was used before

~ Other analytes
° Add into 8260, 8261 or 8270

~ Turn around time
© 8260 or 8260 SIM usually shorter TAT

~ Cost
20
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THE LEADER IN ENVIRONMENTAL TESTING
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A New SW-846 Method for the Analysis of Toxaphene and
Toxaphene Congeners Using Gas Chromatography/
Negative lon Mass Spectrometry.

Scott Sivertsen

USEPA

080 College Station Foad
Athens, GA 30603
706-355-8869

svertsen. scott@epa.gov

ABSTRACT

US EPA SW-846 methods have typically relied on dual column gas chromategraphy coupled
with electron capture detection (GC-ECD) for analysis of low concentrations of organochlorine
pesticides, including toxaphene, m environmental samples. Toxaphene is one of the most widely
applied pesticides in the world and is a complex mixture of predominately polychlormated
camphenes estimated at 800-plus congeners. Once in the environment, toxaphene degradation
begins. Weathered residues i environmental samples may not match laboratory standards.
Addmg to this complexity, degradation can result in metabolites not present in laboratory
standards. To tackle the complexity of GC-ECD toxaphene analysis, the USEPA is
mvestigating an alternate determinative technique. The Agency is presently validating a method
utilizing gas chromatography coupled with detection by low resolution methane negative ion
mass spectrometry (GC-NIMS) which uses scan or selected son monitoring (SIM). Initial target
analvtes in the method are environmentally relevant toxaphene congeners as well as technical
toxaphene. Usmg SIM, we were able to obtam congener limits of detection rangmg from
0.00020-0.0026 ngL for water and 0.0070-0.047 pg'kg for soils. This method is performance-
based and allows for inclusion of other toxaphene congeners in extracts from solid and liguid
matrices plus organochlorine pesticides routinely analyzed by Method 8051A.

INTRODUCTION

Toxaphene 15 a broad-spectrum insecticide introduced in 1945 by Hercules and has been used
and produced globally under a variety of names. It is the most widely-used pesticide ever
produced and global production is estimated at 0.45-1.33 X 10° tons. Because of its broad usage
and volatility, toxaphene is an ubigquitous contanunant which experiences atmospheric transport
and has been detected m the Arctic and Antarctic environments [1.2].

Toxaphene 15 a complex mixture of chlorinated camphene derivatives, primarily bornanes and
bornenes containing & - 10 chlorines with potential for 32, 768 theoretical ssomers i the technical
mixture. Steric hindrance prevents most synthetic pathways from successful completion,
resulting mn a muxture which is currently estimated at 800-plus congeners. Once mtroduced mto
the environment. selective weathering degradation and bicaccunmlation begin.

The deternunation of toxaphene has typically been performed using GC-ECD. While GC-ECD 15
quite sensitive to electron-capturing species, it is also non-specific i its response, resulting in
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potential matrix interference. When toxaphene 1s analyzed, qualitatrve identification of residues
15 based on matching chromatographic profiles of analvtical standards to those found in
environmental samples. When a weathered toxaphene sample is encountered and the potential
for matrx mterference is introduced, the sample might not match an analytical toxaphene
standard. Additionally, degradation products wounld be excluded, due to their chromatographic
elution prior to any congeners found in toxaphene. Ultimately, proper identification of toxaphene
as an incurred residue is dependent on the subjective judgment of the analyst when GC-ECD 15
used.

Mass spectrometry is a technique which has expenenced broad acceptance in environmental
analysis. The analysis of toxaphene, like most organochlorine pesticides found in method S081A
can be performed by gas chromatography with electron iomization (EI). These pesticides,
however, are not detected well due to severe fragmentation in the FI mode. Chemical ionization
mass spectrometry provides a nmch “softer” ionization, resulting in less fragmentation. The mass
spectrometer 15 a highly sensitive detector when operated in the negative ion SIM mode, with
methane introduced as the moderating gas. GC-NIMS 15 also less prone to matrx interference
than GC-ECD analvsis. On-column detection limuts in the femtogram range can be obtained
while providing mass spectral confirmation of target analvies.

As advances m toxaphene congener-specific analysis are made, regulators can receive more

specific mformation on sample composition without the potential for under-reporting toxaphene
residues as a result of matrx mterference or weathering.

MATERITATS AND METHODS

Chemicals
Table 1: Toxaphene Congeners Evaluated
Common nams IUPAC mame CAS Remsty#

Hx-5ed 2-axo,3-ando, f-ax0,8,9, 10-Hexachlorobornane 5T081-29-0
Hp-5ed 2-endo, 3-2x0 S-endo G-2x0 8.9 10-Heptachlorcbornans TOA45-42-2
Parlar 26 2-ende, 3-exo,5-endo,f-exo, B, 2,10, 10-Octachlorcbornane 142534-71-2
Parlar 40 2-ende, 3-exo,5-endo,f-exo,8,9,10,10-Octachlorchbornane 166021-27-8
Parlar 41 Zoewo 3-ende, 5-ax0. 89,910, 10-Octachlorobormans 185820-16-6
Parlar 44 2ogxp 5.5,8.9 9.10,10-Octachlorobornane 165820-17-7
Parlar 50 2-endo, 3-exo0, 5-endo, f-ax0,8,8.9.10,10-Nonachlorobormane B6860-80-3
Parlar 62 225589910, 10-Nonachlorebornane 134159-06-5
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Mlixed-congener standards (DE-TOX 483 and DE-TOX 484) were obtained from LGC
Promochem ({Teddimgton, UK) at a concentration of 5 ng/ul and combined for use as calibration
and spiking solutions. Surrogate compounds decachlorobiphenyl (DCE) and tetrachloro-meta-
xylene (TCHM) were obtained from Ultra Scientific (N. Kingstown, RI) and added to all
samples prior to preparation to monitor extraction efficiency. PCB %204 from o2si Smart
Solutions (Charleston, 5C) was added to calibration standards and all extracted samples prior to
analysis for use as an mternal standard.

Laboratory pure organic-free water was produced at the time of use by a Bamstead NanoPure
purtfication system (Dubugque, TA).

Organic solvents (dichloromethane, hexane, acetone, 1so-octane) were pesticide-grade or
equivalent and purchased from Mallinckrodt Baler (Phillipsburg, INT).

Equipment

Water samples were processed by contimuous liquid-liquid extraction using a Corning
Accelerated One-5Step Extractor/Concentrator (Lowell MA). Solid samples were extracted by
pressurized fluid extraction (PFE) using a model 200 Dionex Accelerated Solvent Extractor
{(Sunnyvale, CA). Gel permeation cleanup of the solid samples was performed on a J2 Scientific
AccuPrep GPC system (Columbia, MO utilizing a 23 mum x 700 mm low pressure glass column
packed with 70 g of Bio-Rad Laboratories SX-3 Biobeads (Hercules, CA). Dichloromethane
was used as the mobile phase at a flow of > mL/minute. GC-NIMS analysis was performed with
an Agilent 5973 GC-MS system (Santa Clara, CA) operated in the negative ion mode using a
chemical ionization (CI) source. The moderating gas was research-grade methane from National
Specialty Gases (Charlotte, NC). An Agilent 30m x 0.25 mm x 0.25 pm DB-XLEB colummn was
used to perform the analvtical separations. UHP grade helinm from Airgas (Radnor, PA) was the
carrier gas.

Sample Preparation

Water and Solid Samples

Replicate laboratory control samples (LCS) were spiked with toxaphene congeners at 3 different
concentrations to evaluate method performance. Each batch consisted of 8 limut-of-detection
(LOD) extracts, 3 nud-level and 3 high-level spikes. A procedural blank was carmed through the
process as a negatrve control. Surrogates (300 ng TCWE 50 ng DCB) were spiked into all
extracts. Extracts were reduced to a final volume of 1 ml in hexane.

Water Extraction

Eight 1-L aliquots of organic-free water were spiked at the LOD level with toxaphene congeners
at 0.0020 pgL and with Parlar 62 at 0.010 pg'L. Three 1-L samples were spiked at 0.25 pg/'L

and three at 0.40 pg'L. All samples were extracted with 100 mL of dichloromethane for 6 hours
using EPA SW-846 Method 3520C [3].
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Solid Extraction and Cleanup

Eight 30 g aliquots of Hydromatrix® were spiked at the LOD level with toxaphene congeners at
0.067 png'kg and with Parlar 62 at 0.33 pg'kg. Three 30-g samples were spiked at 8.3 ng'’kg and
three at 13 pg'ke to create the mid-level and lugh-level spikes.

The samples were extracted using EPA SW-846 Method 3545A [4]. PFE extraction conditions
were 100°C under 1500 psi for 5 minutes per static cycle using 1:4 acetone:dichloromethane.
Each sample was extracted with two static cycles and a 70% flush volume. Purge time was 150
seconds.

Following extraction and concentration to a 5-ml volume, solid sample extracts were subjected
to size exchision chromatography. followed by sulfuric acid cleanup (EPA SW 846 Methods
3640A and 3665A, respectrvely) [5, 6]

GC-NIMS Analysis
Instrument Conditions

Selected toxaphene congeners (Table 1) were analyzed by GC-WIMS. Methane at a 40% flow of
2 mlmin was vsed as the moderating gas with the CT source. One-uL injections were made at
250°C mn the splitless mode with the purge valve activated at 0.6 minutes. The initial oven
temperature was 60°C for 1 nunute. Then, the first oven ramp was programumed to 150°C at
10°C minute, followed by a 3°C/minute mcrease to 260°C. Finally, the temperature was
mereased from 260°C to 320°C with a S-nunute hold. Carrier gas was set at a constant flow of
1.0 ml/minute. The capillary-direct mterface was 280°C. The source and gquadrpole were
160°C and 150°C, respectively.

Mass Analyzer Tuning

The mass analyzer was tuned prior to calibration using the CT autotune function and criteria with
2H-perfluoro-5,3-dimethyl-3,6,9-trixadodecans (PFDTD). The tuning file was saved with an
electron multiplier merease of 175 V above the autotune value for enhanced sensitivity resulting
m an mereased signal-to-noise ratio. Addittonally, a SIM mass defect expeniment was performed
to vertfy mass calibration. This generally resulted in selected ions that were 0.1 mass unit lower
than theoretical values. (This process assures that the apex of the mass peak is monitored.)

Table 2 summarizes the selected ions monitored and the elution time of the analytes. Table 3
shows the dwell times. A SIM group was used having a total dwell time of 510 milliseconds.

NEMC 2008 4
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Table 2: Characteristic Ions for Toxaphene Congeners, Smrogates and Internal Standards

Compound ET {rmn) Primary Ion Secondary Tons)
TCME 1805 242 8 2408
He-Sed 3383 3087 306.7,310.7
Hp-5Sed 34.57 3427 340.7, 3447
Parlar 26 3504 3767 378.7, 3807
Parlar 41 3941 3767 378.7, 3807
Parlar 40 39.73 3767 378.7, 3807
Parlar 44 4011 3767 378.7,380.7
Parlar 50 40 64 4127 410.7,414.7
PCB #204 4221 4297 410.7,427.7
Parlar 62 44 74 3767 378.7, 3807
DCE 49 54 4977 4997

Table 3: SIM Ions and Dwell Times (milliseconds)

m'z Crvell m'z Dhwell m'z Dhwall
240.80 50 24280 50 324.70 25
326.70 25 306.70 25 30870 25
310.70 25 34070 25 34270 25
14470 25 376.70 25 37870 25
380.70 25 410.70 25 41270 25
414.70 25 427.70 25 429.70 25
457.70 5 49970 5

Internal Standard Criteria

PCB #204 {not present n Aroclor mixtures) was added to all calibration solutions as an mfernal
standard (ISTD) at 400 pg/ul. The PCB congener was also used to evaluate the system for the
presence of oxvgen. Based on limited studies to date, the oxvgen reaction observed with PCBs
that produces ions potentially interfering with toxaphene determination is completely eliminated
m modern mstnments under appropriate conditions. PCB #204 serves to momtor this sifuation
by the absence of the (M-CI+0) 1on {m/'z 410.7) when no oxygen is present. No significant
OXygen reaction was observed in this study.

Initial and Continuing Calibration

An initial calibration (ICAL) was performed using an 8-point curve with concentrations at 0.5, 1,
25,25 125, 250 and 500 pg/ul. Parlar 62, which has been reported to be thermally labile, was
calibrated from 5-500 pg/uL because of its lower response than other congeners. Average
response factors were used, except when 20% relative standard deviation (R5D) was exceeded.
In those cases, a first-order linear regression (non-forced onigin) calibration model was utilized
resulting i coefficients of determunation = 0.99.
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Continuing calibration verification {CCV) check standards were analyzed every 12 hours or less.
Congeners and surrogates were evalnated against a criterion of =20% difference. The CCV
evaluation criteria for the ISTD required the response be withun a factor of two (-30% to +100%)
relative to the ICAT. Sample ISTD responses were compared to the CCV, also with the
requirement that the response be within a factor of two compared to the CCV. Mo CCV
excursions were observed during this study.

RESULTS AND DISCUSSION

Data for the 3 spiking levels was evaluated with respect to bias and preciston. US EPA SW-846
MMethod S000E provides guidance of 70-130% recovery. A benchmark of 20% RSD was used to
evaluate precision.

Solid Samples

Tables 4-6 present data from solid extractions which represent soils. Masses m Tables 4 and 3
are 400 and 250 pg on-colummn, respectively. On-column masses in Table 6 are 2 pg with the
exception of Parlar 62, which was 10 pg. Table 7 presents the calculated LODs for the PFE-
extracted spikes.

The data from all PFE extracts was determined to be within precision and bias control limits.
Additionally, LOD values appear realistic given instrument sensitivity and extraction efficiency.

Table 4: Percent Recovery and Precision in High Level Solid Extracts (13.3 pg'kg)

Hizh Spike 1 | HizhSpike 2 | HizhSpike3 | Mean | Std Dev | %RSD
Hx-Sed 75.2 79.1 76.3 768 | 20 26
Hp-Sed 75.9 795 77.0 775 18 24
Parlar 26 80.7 856 §2.2 828 23 31
Parlar 41 81.8 87.7 84.3 847 | 29 13
Parlar 40 80.3 856 §2.9 830 | 27 312
Parlar 44 89.6 973 943 937 | 39 41
Parlar 50 83.0 892 86.8 866 | 26 3.0
Parlar 62 87.8 924 92.2 903 26 29

Table 5: Percent Recovery and Precision in Mid-Level Solid Extracts (8.33 ng'k

WMid-Fange | | Mid-Fange 2 | Mid-Bange 3 | Mean | 5td Dev | %E3D
[FHx-Sed 31.1 849 81.5 82.5 2.1 25
[Hp-5Sed 318 358 317 831 23 28
Farlar 26 344 853 345 862 28 3.2
Farlar 41 86.7 923 87.3 858 3.1 3.5
Farlar 40 36.0 90.6 §7.2 879 14 27
Farlar 44 939 100 946 06.2 34 3.5
Farlar 50 0.1 945 %0.1 91.7 18 31
Farlar 62 92.7 96.4 0.4 93.2 3.1 3.3
NEMC 2008 &
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Table 6: Bias and Precision of Low Level Solid Extracts (0.0667 pg'ke)

LoDl | LOD? | LOoD3 | LOD4 | LODS | LOD6 | LODT | LODS | Mean | StdDev | %RSD
Hu-Sed 8LS5 78.5 745 85.0 E2.5 86.0 E2.0 87.3 §2.2 42 5.1
Hp-Sed LS5 78.5 74.0 755 76.5 83.0 75.0 833 789 3.3 44
Parlar 26 825 840 80.5 78.5 7580 875 B4.5 %1.0 838 4.1 49
Parlar 41 86.0 88.5 774 710 7580 86.5 84.0 88.5 833 4.9 39
Parlar 40 84.0 28.0 75.5 L5 L0 51.0 L0 50.3 84.1 5.4 6.4
Parlar 44 915 57.5 84.5 845 E7.5 895 E3.0 87.0 881 47 53
Parlar 50 87.0 230 80.5 315 87.5 930 BR.0 4.0 381 5.2 5.8
Parlar 62 797 78.0 144 T6.8 754 873 71.5 774 716 47 6.0
Table 7: Calculated Solid LOD Results (ng/lg). (n=8, Student t=2.998, 00%;
confidence interval)
Mean | Std Dev LOD
Hx-Sed 0.0548 | 00028 | 0.00841
Hp-5ad 0.0526 0.0023 0.00701
Parlar 26 [ 00557 | o.0028 | 000827
Parlar41 [ 00555 | 00033 [ 000985
Parlar 40 | 0.0560 | 00036 | 00108
Farlar44 | 0.0588 | 00031 | 0.00942
Parlar 50 | 0.0587 | 00034 | 00103
Parlar 62 | 0.239 0.018 0.0485
Water Samples
Tables 8-10 present data from water extractions. On-colunmm masses are the same as those
presented in Tables 4-6 (so1l data).
Aswas the case with the PFE data, all water extracts were determined to be within precision and
bias control limits. Because the calculated LOD for Hp-Sed in the water spikes was less than
one-tenth the value spiked, the LOD of 0.00013 pg/L was elevated to the reporting linut of
0.00020 pgL. LOD values are realistic concentrations which can be detected, given mstrument
sensiiivity and extraction efficiency.
Table 8: Percent Recovery and Precision in High Level Water Extracts (0.400 pg/L)
High5Spike 1 | FhghSmka 2 | HighSpike 3 lMeau Std Dev  [eRSD
Hx-5ad 933 105 83.59 958 3.4 88
Hp-Sed 538 105 26.9 553 5.3 58
Parlar 26 54.2 105 849 548 | 103 108
Barlar 41 529 104 835 534 | 102 109
Parlar 40 248 147 §7.2 96.5 10.1 10.5
Farlar 44 1035 120 948 106 125 11.7
Parlar 50 56.4 106 25.1 559 | 106 110
Parlar 62 113 125 107 115 5.2 8.0
NEMC 2008 7
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Table 9: Percent Recovery and Precision in Mid-Level Water Extracts (0.250 pg/L)

Mid-Fange 1 Mid-Fanga 2 Mid-Fange 3 | Mean | 5td Dev | %0RSD
Hzx-Sed 101 104 101 102 1.8 18
Hp-5ad 100 103 11 102 1.5 1.5
Parlar 26 985 101 908 997 1.2 12
Parlar 41 96.5 986 96.4 975 1.8 19
Parlar 40 100 105 102 103 25 24
Parlar 44 108 112 109 110 2.0 1.8
Parlar 50 952 103 100 101 1.5 18
Parlar 62 113 124 121 121 32 26

Table 10: Bias and Precision of Low Level Water Exiracts (0.00200 pg/L)

LoDl [ LOD2 | LOD3 | LOD4 | LODS | LODGS [ LOD7 | LODS [ Mean | 5tdDev | %BESD

Hx-Sed 107 106 101 98.5 106 104 108 101 104 35 4
Hp-5ed 101 106 102 101 102 104 106 101 103 21 2.

Parlar 26 102 101 86.0 85.5 101 4.0 6.0 86.5 96.4 49 5.1
Parlar 41 99.5 96.5 84.0 0.0 985 100 23.0 895 933 43 4.5
Parlar 40 103 102 815 104 108 995 106 9.0 102 3.3 52
Parlar 44 107 118 104 101 125 107 113 54.5 109 9.7 8.0
Parlar 50 102 8.0 90.5 93.0 250 98.5 94.5 830 955 4.4 4.6
Parlar 62 108 92.5 102 85.0 964 107 974 853 96.6 8.7 8.0

Table 11: Water LOD Results (png/L), (n=8, Student t=2.998, 99% confidence interval)

Mean Std Dev LOD

Hx-Sed 0.00208 0.000071 0.00021
Hp-5ad 0.00203 0.000043 0.00020
Parlar 26 000193 0000053 0.00029
Parlar 41 0.00191 0000085 0.00026
Parlar 40 000204 | 0000106 | 000032
Parlar 44 000217 0000195 0.00053
Parlar 50 0100191 0000089 0.00027
Parlar 62 000986 | 0000871 0.0026

Application to Samples Having Naturally Incurred Residues

A request for GC-NIMS congener analysis as well as GC-ECD analysis for technical toxaphene
was received by us for multiple water samples from monitoring wells at a Superfund site.
Drinkcing water MCL levels of 3 pg'L were requested for technical toxaphene.

As a result of matrix mnterference, the requested minimum reporting limit (MEL) of 3 ngL was
unobtamable for all but several of the samples using GC-ECD. In order to analyze most of the
extracts, a 200:1 dilution was required. GC-MS m the EI scan mode and library searching

revealed the possible presence of multiple chlorinated phenols, camphenes, bormanes and also
DDD, DDT and BHC isomers.

NEMC 2005
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Figure 1: GC-ECD Chromatogram of Sample 02 at 200:1 Dilution
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No clear toxaphene pattern was observed in the above chromatogram and an MEL of 77 ugL
was reported. The sample required a dilution of 200:1 for GC/ECD due to severs matrix
mterference.

Sample 09 was analyzed at 2 dilutions by GC-NIMS to ensure that all parameters were inside the
established linearity range. In addition to being analvzed at 30:1 (Figure 2 below), 1t was
analyzed undiluted. Matrx interference was non-existent in both analyvses when infegrating
extracted ion profiles. The 6 toxaphene congeners included in this study were readily quantified.
as well as Hx-5ed and Hp-5ed, degradation products and indicators of weathered toxaphene.

The GC-NIMS analyses clearly show the advantage of this methodology. If the analvst had only
GC-ECD technology, the sanple would have been reported with an MEL of 77 and no clear
mdication as to whether toxaphene was present i the sample.

Analytical results nsing GC-NIMS methodology are presented in Table 12, Summuing the
toxaphene congeners and ignoring the degradation products results in a value of 5.0 pg'l. While

one cannot directly correlate thus to a techmical toxaphene value, the result 15 mdicative of
chlonnated bomanes present at a level above the 3 ugL MCL for technical toxaphene.

NEMC 2008 9
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Figure 2: GC-NIMS Chromatogram of Sample 092 at 50:1 Dilution
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Table 12: Congeners Determined in Sample 02 Using GC-NIMS (ug/L)
Hx-Sed 13
Hp-5ed 16
Parlar 26 0.47
Parlar 41 0.58
Parlar 40 16
Parlar 44 0.30
Parlar 50 0.68
Parlar 62 14
Future Work

Although performance data are presented only for toxaphens congeners, technical toxaphene and
additional target analytes {e.g.. from US EPA SW-846 Method 8081 A) may be added 1if
acceptable performance can be demonstrated. The chemmical and chromatographic behaviors of
these additional compounds may result in co-elution of some target analytes. Additional
cleanup/fractionation schemes may be required.

The US EPA 15 beginning multiple laboratory validation studies to document method
performance. Phase I will consist of determimations made on spiked standards. Phase IT will
melude materials having incurred residues. 1t 15 hoped that proposed SW-846 Method 8276 will
be promulgated by December 2009

NEMC 2008 10
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A New SW-846 Method for the Analysis of
Toxaphene and Toxaphene Congeners
Using Gas Chromatography/Negative lon
Mass Spectrometry

((ED 574
oW ?4;,,.
.

Toxaphene Background

« What’s in a name???

* Toxaphene (Hercules), Melipax (GDR),
camphechlor, chlorobornanes, chlorinated
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Toxaphene Background

» Broad Spectrum Pesticide - Wide Usage

— Mid-1970s: Most widely applied pesticide in USA and
other countrle

Hercules Brunswick Site
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Hercules Brunswick Site

» 1948 — 80s: Active Toxaphene Production
* 1984: 009 Landfill (WW sludge) — NPL Site

Analytical History

+ DDT and PCB More Widely Studied
« Toxaphene Analysis Lags by ~ 2 Decades
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Analysis of Toxaphene
« GC-ECD/EPA Method 8081A
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Problem: Toxaphene Degrades
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EPA OIG Addresses Concerns

» 2002: Citizen Concerns of Underestimation
» Site Visits/Literature Review by OIG

COr 18

Why Congener Analysis?

» Weathered Residue # Technical Standard

233




NEMC 2008

Nomenclature

+ I[UPAC
- 2-endo,3-exo,5-endo,6-ex0,8,8,9,10,10-Nonachlorobornane

stry

Congeners by NICI
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NICI Method Performance

* Dynamic Range
— 500 fg — 500 pg on-column
* Average RF <20% RSD
- €0D=099

R4 Initial Test Method Evaluation

» Soil and Water Methods
» 3 Levels — Multiple Replicates
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Soil Low — Clean Matrix

LOD % Recovery

3| Lop4|Lops | Lops | Lop7

LOD 8

Std
Dev

%RSD

| 850 | 825 | es0 | 820

875

Soil Mid — Clean Matrix

Mid Range % Recovery

Mid Range 1

Mid Range_ 2 | Mid Range 3

81.1
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Soil High — Clean Matrix

High Range % Recovery
High Range 1 | High Range 2 | High Range 3 | | Mean | Std Dev | %RSD
75.2 79.1 76.5 76.9 .0 26

Water Low — Clean Matrix

LOD % Recovery

Lop1 | Lopz2 | Lobs | Lop4 | Lobs | Lobe | LoD7 | LoD Mean | StdDev | %RSD

107 | 106 T 106 | 104 [ 108 101 104 35 3.4

101 06 | 102 102 | tes | 106 | tor | | w03 | 21 | 21

040 | 960 | 865 [ | 964 | 49 | s
95.3 45
102 | | 52
109 | 9.0
966 | | 90
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Water Mid — Clean Matrix

Mid-Range % Recovery
Mid Range 1 | Mid Range 2 | Mid Range 3 Mean | Std Dev | %RSD
Hx-Sed 101 | 104 101 102 1.8 1.8

Water High — Clean Matrix

High Range % Recovery
High Range 1 | High Range 2 | High Range 3 | | Mean | Std Dev | %RSD
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Calculated LOD

Statistical LOD (ppb)
Soil Water
Hx-Sed 0.0084 0.00021

Method Application to Incurred Residues

* NICI Congener & GC-ECD Technical Toxaphene Request
+ Superfund Site - Former Pesticide Formulation Facility

— Historical toxaphene reporting at site (1980s to present)

Most EGD Anaiyse:; Reported as <MRL (200 Dilution)
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Method Application

+ GC-EI/MS TICs - Hydrocarbons, DDTs, BHCs, Chlorophenols,
Chlorinated camphenes, e

* Initial NICI Analyses S
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Future Work

* Inter-laboratory Initial Demonstration of
Proficiency (in progress)
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Remote Sensing Techniques to Detect Surface Water Quality
Constituents in Coastal and Inland Water Bodies from Point
or Non-Point Pollution Sources

Alfonso Blanco, P.E.; USEPA Office of Wastewater Management, Washington, D.C.
William Roper; wercper@@verizon net

INTRODUCTION

Point and Non-Point Sources (INPS) typically contains high concentrations of mutrients, which
degrade water supplies and aquatic ecosystems. Identifying and characterizing these discharges
and receiving streams can be difficult. time consuming, and costly because these contaminated
discharges originate from numerous sources with restricted access due to few roads, steep
terrain, and private ownershup., A remote sensing technigue for locating and characterizing the
chemical quality of these discharges and affected streams could provide an efficient and cost-
effective means of obtamning data on the sources and their effects n a watershed from a desktop.

GOALS AND OBJECTIVES

The purpose of this presentation is to demonstrate remote sensing techniques that use spectral
reflectance technology for wdentifving and characterizing surface waters affected by point or non-
point sources. These methods are used to extract surface reflectance for the identification and
characterization of water quality constituents such as Chlorophyll a. Water quality samples at
each of the sites can be collected concurrently with the spectral data and the orbit cyeles or
flyover from the satellites or arrborne sensors. The ground truth data can be used to verify that
spectral reflectance is capable of differentiating the different water column constituents. Specific
objectives are:

(1) To correlate aerial surface spectral reflectance imaging data with ground spectral
reflectance data to verify that the images observed from the air are comyparable to those
recorded on the ground;

(2) To guantify the relation between key water quality measurements collected in the water
and the over head collected spectral reflectance data; and

(3) To demonstrate the cost effectiveness of analyzing water quality constituents remotely.

Identifying and characterizing the chemistry of these water bodies can be difficult, time
consuming, and costly because can be origmated from mumerons areas and sources. The present
technology requires field sampling in areas having few roads, steep terrain, and Lmited access
because of private ownership or high security. A remote sensing technique for locating and
characterizing the chemical quality of discharges and affected streams could provide an efficient
and cost-effectrve means of obtamning data on the sources and effects in a watershed.

NEMC 2008
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Remote Sensing Techniques to

detect Surface Water Quality
Constituents in Coastal and
Inland Water Bodies from Point or
Non Point Pollution Sources

Presented by

Alfonso Blanco and William Roper
US Environmental Protection Agency
George Mason University

0% 1 0 10
=~ _ Wavelength (meters
-~ S

oy
]

243




LAND &

RUNOFF

NEMC 2008

WASTE
DISCHARGE

DEPOSITION

DECOMPOSITION

244




Battam Type A"

NEMC 2008

olE % |
412 442 480510

580 620  6GDEB1 705

Wavelength (nm}

245

Potloen Ty pe "0

B1 — Clear blue water
GR - Green water
BIG - Blue-Green water

BrG - Brownish-Green wated]




SPECTROMETER

NEMC 2008

TAPE RECORDER

TAPE RECORDER
ELECTRONICS

QPTICAL FIBERS

FOREQPTICS

ON

246




NEMC 2008

Each pteel cortars a condrucus
sgoctrum thal is umed o Keotly e
matorys presont In the ptagd

Downwelling Total radiance

S}m a1.1d sky L= Lp+ Li+L,+1L
irradiance

ESHII L
and

Atmosphere

N\

247




Chlorophyll-a
sighature using
ENVI

Typical Reflectance
Spectral signature

of clear and algae

laden water

Percent Reflectnce

clarity

for

et

Offs

=ctanc

NEMC 2008

AR

Clayey soil

I|||'|||' oy

1,000 men

" " M
4 + +
450 SO0 550

Silty soil

+ } +
i 650 T
Woaveleagih i

+ ¥
TS0 HOO B85S0

1,000 mgh

O
1K)

+ i -
450 SO0 550

248

M ' I
+ ¥ T
60 [t 1] FO0

Woawelengeh €y

T ¥
BHr 250




NEMC 2008

Maryland Water Quality Monitoring Site
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On Site Signature Data Collection
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m Chlorophyll-a is a reasonable surrogate for
phytoplankton characterization

m Dissolved organic matter is related to
phytoplankton production

m Water quality monitoring based on spectral
algorithm analysis can be used to map several
water quality parameters using multi-spectral
and/or hyper-spectral data

m Algae concentrations, location, distribution, and
amount of photosynthesis. Can be identified and
mapped and analyzed using satellite data and GIS

= AVIRIS due to higher spatial resolution is
better for smaller area applications

m The AVIRIS air borne systems has more
limitations regarding cost and availability than
MODIS
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A Comparison of Typical Audit Findings between NELAC
and Non-NELAC Labs: A Case for Uniform Quality System
Standards for all Environmental Labs

Patrick Conlon
vironmental Standard
1140 Valley Forge Road
Valley Forge, PA 08030
610-935-3577
peonlon@envstd.com

ABSTRACT

With Daubert vs Merrill Dow in 1993 the door was opened toward more regulatory flexibility in
the technical requirements of analytical methods. Moving away from the prescribed recipes of
standardized and published mstructions on what constitutes “commonly accepted practices™
toward as technical standzard of “does it do what 1t purports to do™ had profound implications.
This shift 15 directly responsible for the broadening of the flexibility allowances mcorporated in
SW-846 starting with update IIT, the broadening in the flexibility allowances i the Federal
programs incliding CLP, DOD and m TRTAD, and the broadening in the flexibility allowances m
the CWA program as mcorporated in the MUR and later USEPA Memos. This shuft also 15
directly responsible for the shift toward more focus on comprehensive Quality Svstem Standards,
because where data does not rely on common acceptable practice for defensibility the vnderlying
documentation supporting the data, showing that “it does what it purports to do” 1s even more
mmportant. These two changes, 1.e. a move toward greater flexibility and a move toward greater
definition in appropriate quality system requirements are complementary, because the quality
system requirements provide guidelines for a) maintaimng documented control over a flexible
system and b) documentary requirements to establish that a method 15 “doing what it purports to
do”. The shuft toward greater emphasis on Quality System Standards is reflected m the NELAC
standard and mn the EPA's own standards for work performed for Federal programs. There are
not, however, clear and vniform requirements for quality systems for work performed outside of
the EPA programs and the NELAC program.  Environmental Standards in the course of their
auditing and consulting activities has opportunity to see a wide variety of both NELAC and Non-
NELAC laboratories, including commercial, mndustrial and nmomicipal  This presentation will
compare and confrast common practices that may be found m NELAC vs. Non-NELAC
laboratories. The theme of the presentation is that there is a need for greater definition of
uniform quality system standard across all laboratories.
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rison of Typical Audit Findings
NELAC and Non-NELAC

A Case for Uniform Quality System
Standards for all Environmental
Laboratories

Patrick A. Conlon

Environmental Standards é,g“%‘élﬁ%“ﬁ{%‘é

“Topics to be Covered

- =

= Historical perspective on method flexibility
expansion of quality system requirements

= Environmental Standards

= Quality System areas used for comparison
= Scorecards and comments

= Observed trends

= Features and benefits of NELAC

ENVIRONMENTAL
@sm&rﬂmos
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- Flexibility & Quality System

Origins:

= Frye vs. the United States (1923)
= “Standard Acceptable Practice”

= Daubert vs. Merrell Dow (1993)

= Federal Rules of Evidence and Technical
Support of an Argument

= “Does it do what it purports to do”
= Direct effect on US EPA policy and methods

ENVIRONMENTAL
éSTAN DARDS

=PA Streamlining Initiatives

- Regulatory Reform Act of 1995

- US EPA Streamlining Initiatives
- Method Flexibility
. Fast Track for Adoption of Method Innovation
- US EPA Shift to Performance Based Approach

- Focus on Quality System that supports data rather
than on prescriptive methodologies

. 1IS0O-17025 International Guidelines

ENVIRONMENTAL
éSTAN DARDS
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_-ﬂ_.‘___'vironmental Standards

= Performs ~ 75 laboratory audits a year.

= Broad cross-section of industrial, municipal, and
commercial l[aboratories.

= NELAC and Non-NELAC.

= Serves as consultant for Industrials and
Municipalities.

= Writes Quality Assurance Plans and Technical
Requirements.

= Scope of audits include technical issues, data
usability, customer service, and client needs.

ENVIRONMENTAL
é;STAN DARDS

System Areas Evaluated

1. Management’s knowledge of, participation in,
and responsibility for data quality.

2. Analyst technical proficiency.
3. Appropriate quality controls.

4. Non-conformance and corrective action
processes and documentation.

5. Ethics.

ENVIRONMENTAL
é;STAN DARDS
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¥ System Areas Evaluated

6. Sample handling and integrity issues.

7. Method validation elements.

8. Document control.

9. Documentation sufficient to reconstruct events.
1

0. Standards, reagents, and consumables -
suitability and traceability.

ENVIRONMENTAL
@STAN DARDS

forecard Legend by Size and

S| — Small Industrial (2-10)
LI — Large Industrial (10-25)
SM — Small Municipal (2-10)
LM — Large Municipal (10-30)
C — Commercial Non-NELAC
SN — Small NELAC (5-25)
LN — Large NELAC (25-100)

ENVIRONMENTAL
@STAN DARDS
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= Management System

=  Knowledge and Responsibility for Laboratory.

= Management approval of internal policies and
procedures.

= [nternal Supervision, Review, and Audits.

= Management review of Systems and
Effectiveness of Processes.

S L | SM LM - SN LN
Z 8 3 7 5 6 9
(@ISR

palyst Technical Proficiency

Documented Training

Sign-offs of “read and understood” forms
acknowledging personal responsibility.

Technical Oversight & Review.

PT and internal performance may prompt
additional training.

Sl LI SM L M C SN LN

2 7 2 6 4 3 9

ENVIRONMENTAL
@STAN DARDS
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Quality Controls

= Can the laboratory report actual laboratory
performance?

= Quality Controls appropriate for the method and
data reported?

= Appropriate Acceptance Criteria for the methods
and data reported?

= PT Performance.
S| LI SM L M C SN LN

2 8 4 8 ) 6 9

ENVIRONMENTAL
éSTAN DARDS

= Clearly defined and appropriate corrective actions
for deficiencies.

= Clearly identified acceptance criteria for reported
data.

= Clear standards of acceptance for reportability.
= QOverall system for identification and correction of

deficiencies.
S| LI SM L M G SN LN
1 6 1 6 4 5 8

ENVIRONMENTAL
@STAN DARDS
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fhics and Analytical Integrity

= Well-defined guidelines — including all data
manipulation.

= Documented training and sign-off on individual
responsibility.

= Verification - Are the data accurately

processed?
Sl LI SM LM & SN LN
1 6 1 5 5 5 8

ENVIROMMENTAL
é;STAN DARDS

Facility storage and handling practices.
Sample preservation and holding times.
COC and access security.

Unique identification of samples.

Sl L1 SM L M C SN LN
5 7 5 8 <) 6 8

ENVIROMMENTAL
é;STAN DARDS
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Method Validation

Valid method detection limits (MDLs).
In-house Performance Measures.
Demonstrations of Capability.

Generally Accepted Reporting Practices.

ENVIROMMENTAL
éjSTAN DARDS

= Document Control

Laboratory Manuals and SOPs.
Form and Instructions.

= Reports.

= Data Archive.
S| L | SM L M G SN L N
2 8 3 7 5 6 9

ENVIROMMENTAL
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s, Reagents, Consumables
tlity and Traceability

Certificates requested and maintained.

Standard and reagents source and preparation
fully documented.

Storage of standards, reagents, samples.
Traceable recording of all lots and materials as

used.
S| L | SM L M C SN L N
3 8 4 7 5 7 9

ENVIRONMENTAL
éSTAN DARDS

R—— # Sl LI SM | LM |CNN| SN | LN
Mgt Sys 2 8 3 7 5 6 9
Proficiency 2 7 2 6 4 5 9
QC 2 8 4 8 5 6 9
NCS 1 6 1 3] 4 5 8
Ethics 1 6 1 5 5 5 8
Sample 5 7 5 8 5 6 a
Validation 2 8 2 3] 4 5 8
Doc Cirl 2 8 3 7 5 6 9
Records 3 7 2 7 5 6 a
StdR&C 3 8 4 7 5 7 9

TOTAL 23% | 73% | 27% | 67% | 47% | 57% | 85%

ENVIRONMENTAL
éSTAN DARDS
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& Observed Trends

= Networking is synergistic with consensus.
= Large vs. Small. NELAC vs. Non-NELAC.
= |arge utilities and industries driven by risk.
= All are driven by cost !

= Traditions: Any practice that has been done
routinely for more than six months is a norm.
= No News is Good News?

= We have not had a serious problem since...;
therefore, we must be doing enough.

ENVIRONMENTAL
é;STAN DARDS

@tures and Benefits of NELAC

= Uniform quality system standard that
complements method flexibility and the Method
Update Rule.

= Networking, dialog, and connection to resources.

= Consensus building replaces the comforts of
“tradition.”

= Data of known and documented quality replaces
“no news is good news.”

ENVIRONMENTAL
é;STAN DARDS
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: the Bar — Lower the Bar ?

= Since 1995, the US EPA has moved far
forward in the implementation of method
flexibility in both SW-846 and more recently in
the Methods Update Rule.

= Method flexibility requires and assumes an
gnderlying quality system to support that
ata.

= The USEPA needs to consider raising the bar
on minimum quality system requirements for
all environmental analysis.

ENVIROMMENTAL
éjSTAN DARDS

“Setting the Standards for Innovative Environmental Selutions”

Environmental Standards, Inc.
1140 Valley Forge Road
P.O. Box 810
Valley Forge, PA 19482
610.935.5577
solutions@envstd.com
www.envstd.com
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Performance Testing Calculus — An Absolute View

Stephen J. Arpie, M.S.
Absolute Standards, Ine.

P.0. Box 5585

Hamden, CT 06518

203-281-2917
stephenarpie@absclutestandards com

ABSTRACT

The caleulations used for PT evaluations range from fixed limits to study means. In this
presentation, we will explore the pros and cons of the present and proposed WELAC/TINI scoring
scheme, the resulting impact on laboratory accreditation and the scientific justification.
Questions will be raised as to the accuracy and appropriateness of using study means as
compared to performance based-fixed limits. Ultimately, we will look for best practice
approaches currently structured within TUSEPA methods for the analysis of drmking water,
wastewater and solid waste and see if they can shape the direction of future calculations within
the USEPA PT program scoring criteria.

INTRODUCTION

Environmental laboratory accreditation within the 115, has several components that include
proficiency testing when avaiable. Due to the nature of performance testing, laboratories,
accreditation bodies (ABs) and mannfacturers are especially critical of the scoring criteria used
for evaluation. Prior to 1998, the USEPA offered a no-charge PT program for its drinking water
program (WS-SDWA). and wastewater program (WP-CWA) categories. They did not offer a PT
for “solid waste — soil matrix”™ for the RCRA program. The critenia used for these liquid PTs
were fixed limits with only a few examples of study mean scoring, for example Total Eesidual
Chlorine. This scheme was similar m scope to the publication authored by the USEPA entitled,
1908 Cntenia Document™. This 1998 document formed the basis for value assignment and
scoring nnder the new privatized version of the PT program andited by the National Institute of
Standards and Technology (NIST-WVLAP). This is how the NIST-WVALP accredited providers
were expected to score participating laboratories.

While the PT scope did not include more challenging matrices such as soil, or air, 1t did
demonstrate that well-behaved Liquid PTs, having both homogeneous and stable properties, could
be used to profile a laboratory™s analytical capability. By 2002, NELAC had published an
analyte list for soil and corresponding scoring criteria that was based upon study means. These
tables are commonly referred to as fields of proficiency tests (FoPTs). Many accreditation
bodies were increasing their scope to include solid matrices such as sand, soil, and sludge.
Several AB’s already had soil PTs as a requirement and were aligning their state programs with
the national approach presented by the NELAC FoPTs. In additional, several non-WELAC states
were requiring soil PTs for accreditation, such as Connecticut and Massachuseits.
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So1l PTs are traditionally viewed as a greater production challenge for the PT provider and a
greater analytical challenge for the laboratory. Consequently, the acceptance limits are
frequently more generous for soil PTs than that of the same compound in a water matrix PT.

The assigned value is denved from the participants under test, and it 1s usually several
percentage points lower than the true gravimetric value doe to low recovery. From 2003 to 2008,
the NELAC FoPT subcommittee re-evaluated the selection of analytes and scoring criteria
specifically for solid matrix. A procedure was written and modified to look at hustorical data
from several PT soil studies. While there was significant discussion within the PT subcommittee
membership as to the application of the SOP, the general intent was to include only the data
points that appeared to be m control. Where data for a particular analyte did not linearly
conform, an equation as a fiunction of study mean was set as the requirement to determine the
assigned value, If it was possible to set a fixed limit or regression equation, then it was
considered but this was rarely the case. Additionally, due to the complexity of the fields of
proficiency testing (FoPT), and the limitations of analytical chemistry, it was necessary to write
m special conditions to the final release, such as, a laboratory must see at least 10% of the
assigned value. For clarity, with all of the notes associated with the release, the reader is
encouraged to browse the final 2006 record, which became effective July 1, 2007, The final
standard included more analytes, more linear scorng for the WP-CWA list, and revised
formulation ranges for both WP-CWA and RCEA lists,

PHILOSOPHY

While the 2006 edition of the standard, included edits to WP-CWA PT, we are mainly concemed
with the RCEA-Solids portion and the use of study means as the basis of setting assigned values,
and ultimately their scoring ranges. It is this table that has the most assigned values as a function
of study means and not a function of production formmlation. Currently, many soil PTs such as
Trace Metals, Semi-Volatiles, Chlorinated Pesticides, Herbicides, Petroleum Hydrocarbons, and
Low Level PAHs have assigned values derived from the participants under test. It follows that
the acceptance criteria are bound to the study mean, whether the range of acceptance equals plus
or minus 3 times the standard deviation (Range = Study Mean +-35D), or it is modified by the ¢
and d cofactors as depicted i Table 1A & B. The default mindset is the use of study means as
opposed to formulation values for the assigned value and the associated scoring criteria.

Table 1A FoPT Metals (partial list).

CiuickTime™ and a
TIFF (L2N) decompressor
are needsd o see this picture,
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Table 1B. FoPT Base/Meutrals (partial list).

CuickTime™ and a
TIFF {LZW) decompressor
arz needed to s=e this picture.

In Table 1A and 1B, we can see that the assigned value is dependent upon the study mean from
the participants and not the fornmlation value in production. As a requirement of participation,
laboratories under test are required to treat the PT sample as if it 15 a routine sample and thus
multiple assavs are typically not permutted. Because of tlus, it is unlikely that any individual
laboratory can demonstrate any statistical weight on their reported measurement. These single
points are combined from other participants” single pomts, to generate an assigned value and a
standard deviation to vield the acceptance limits. Further, laboratories are not required to report
uncertaimnties with their answers and thus are not performing a metrological function.

To assure that all laboratories are accredited at all times, in a fair and consistent manner, it
becomes critical to use assiged values based on gravimetric formmlation and scored with fixed
limits or regression equations. “Study mean calculus™, which generates PT Provider specific
criteria, s in conflict with this assurance. In fact, each study from the same provider generates a
specific set of scoring ranges. In effect, there are no set criteria. Only the imitial formulation
design is fixed, and every pont after is allowed to vary. The mitial design and fornmlation is
fixed metrologically, vet, every calculation after production is allowed to vary based on
participants reported values.

Let's think about what this really “means”™ m practice. The PT provider is required to generate a
PT sample with known and documented quality. Next, the laboratory generates a calibration
curve with know and documented quality. However, when the PT provider generates the
assigned value and associated scoring criteria, the FoPTs require a technigue that disconnects
from quality and critical traceability. If we refer to ISOTEC CD 17043, “Conformity assessment
— general requirements for proficiency Testing”, published 03/14/2008, we see m Annex B,

B.1  Determination of the assimed value and its uncertamty
B.1.1 There are various procedures available for the establishment of assigned values. The
most common procedures are listed below in an order that, in most cases, will result i increasing

uncertaimnty for the assigned value. These procedures mvolve the use of.

a) known values — with results determuned by specific proficiency test item formulation
{e.z. manufacture or dilution);

b) certified reference values — as determined by definitive test or measurement methods
(for quantitative tests);
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c) reference values— as determined by analysis. measurement or comparison of the
proficiency test item alongside a reference material or standard, traceable to a national
of infernational standard;

d) consensus values from expert laboratories — expert laboratories should have
demonstrable competence i the deternunation of the measurand(s) under test, using
validated methods known to be highly accurate and comparable to methods in general
vse. The laboratories mav, in some situations, be reference laboratories; and

€) consensus values from participant laboratories — using statistical methods described m
IS0 13528 and with consideration of the effects of outliers.

It is important to note that “e) consensus values from participant laboratories™ offer the highest
degree of uncertamty and thus are the least desirable. Interestingly, many of the soil PTs that are
currently on the fields of test are study mean determinations. The assigned values are derived
from the laboratories under test and the acceptance ranges are bound to that value.

There are other ughly respected publications that we can refer to. In “The International
Harmomzed Protocol for The Proficiency Testing of Analvtical Chemistry Laboratories”, pages
145-196, we can see a similar discussion. A stable and homogenous formmlation process better
represents the assessment of the assigned value when if is compared to the consensus
participation assignment process.

Quoting from 3.2.5 Formulation we see:

“Fornmlation comprises the addition of a known amount or concentration of analyie (or a
material containing the analyte) to a base material contaming none. The following circumstances
have to be considered.

= The base material must be effectively free of the analvte, or its concentration nmst be
accurately known.

* It may be difficult to obtam sufficient homogeneity (see Section 3.11) when a trace
analyte is added to a solid base material

= Ewven when the speciation is appropriate, the added analvte may be more loosely bonded
to the matrix than the analyte native in typical test materials, and hence the recovery of
the added analyte may be unrealistically high,

Prowviding that these problems can be overcome, the assigned value is determined simply from
the proportions of the materials used and the known concentrations (or purity if a pure analyte is
added). Its uncertainty 1s normally estimated from the uncertainties in purity or analyte
concentrations of the materials used and gravimetric and volumetric uncertainties, though issues
such as moisture content and other changes during mixmg st also be taken into account if
significant. The method 1s relatively easy to execute when the proficiency testing material 15 a
homogeneous liguid and the analyte 15 n true solution. However, it may be unsuitable for solid
natural materials where the analyte is already present (“natve” or “meurred™).
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It is important to note that soil PTs can be made homogenous and stable and thus the assigned
value should be based upon known values and not robust study means. It follows that the
performance limits can also be based upon a fixed or regression equation. Fixed limits in
particular can be determined by reasonable performance of the least accurate method. This will
allow all participants to be scored against the same criteria no matter the matrix, method or PT
provider. The next consideration 1s: What do we do with analytes that are difficult to stabilize
or homogemze? These tests can be posted to the experimental table where the study mean is the
basis for the assigned value. It can also be recommended that no FoPT item that 15 based upon a
study mean should be on accreditation table. These tests are best for the experimental. One can
look at the study mean types as samples that are still i the design or research and development
phase. They are suitable for testing and gathering data, but not appropriate for accreditation

purposes.

The current TNI Draft Interim Standard, Tune 15, 2007, Volume 3 Proficiency Testmg (PT)
Provider Requirements, Section 7.1.2 reads “PT providers shall analytically verify the assigned
value by direct analysis agamst a calibration standard made from, or traceable to, a primary
reference material (e.g. National Institute of Standards Technology (NIST), United States
Pharmacopoeia (USP), etc) if available™. What is the purpose of 7.1.2 if the FoPT is based upon
study means? It is evident that 7.1.2 is impotent, since it has no weight in the value assignment
process and the basis for the scoring scheme. Let us now look at the Homogeneity and Stability
sections 7.2 —7.3. A quick read of this language requires the PT to be both homogenous and
stable mn order to be fit for use. Therefore, the assigned value can be set by the manufacturer at
time of formulation, and not derived from the data coming back from the participants. The
scoring can be bound to the gravimetric value, and documents such as: USEPA SWE46, and
“State Of Connecticut Department of Environmental Protection Fecommended Reasonable
Confidence Protocols Quality Assurance and Quality Control Fequirements Semivolatile
Organics by Method 8270, SW-846, Version 2.0 July 20067, can be used as guidance. We
recognize that there are many other documents that can offer expert gnidance m this area. Butm
all cases, the discussion should be centered on using production values, rather than participant
reported values.

SUMNMARY
To organize where the reader can take this discussion forward, the following is presented.
The Case for Assigned Values via Formulation and Fixed Limit Scoring Criteria:

A The designs are required to be homogenous and stable.

B. Calculations are more easily understood by
1. Laboratory participants;
2 Accreditation Bodies (ABs);
3 Can be explamed to any other users of the data.
C. It will be easier to modify the Fields of Proficiency Testing if we align with performance

based methods and not dodgy statistics.

D. Is necessary if accreditation is to be compared on a national level and not on a provider
studv level.
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Study means and standards deviations can still be calculated but thev will not be used for
PT study value assigniment, setting scormg ranges, or accreditation evaluation. They will
be merelyv a statistical monitor for a particular study or during the B&D, fit for use, and
design phases.

Is necessary if long term evaluations of how well a laboratory 15 doing for a particular
analyte is more readily determined.

PTOB/PTPA can better evaluate a providers program.

The PT Provider process of evaluation is greatly reduced, as they do not have to use
robust statistical treatments, or multi-moedal distributions to account for sample
preparation or overall analytical determination. The job of the PT provider 15 to make a
homogeneous, stable PT that measures a labs capability to recover, detect and report an
accurate result.

The USEPA Methods 8260, 8270 and others show expected recoveries for classes of
analytes. From this and other sources, performance based PT criteria can be established.
Essentially, the procedure should include looking at published methods, and data, that
speaks to tvpical recoveries and then using this information to assign fixed limits or
regression equations as acceptance criteria.

A laboratory’s accredifation is based upon therr analytical capability, competence,
tramning, and technology, rather than other participants’ results.

Others.

The Case for Assigned Values via Study Means and Associated Scoring Criteria:

A Exploratory process used m the preliminary designs of PTs.

B Exploratory process in fitness for use determinations.

C. Appropriate if no traceable assigned value 1s required.

D Appropriate if no fixed Limit can be agreed upon, and the laboratones under test fully
understand the scormg mechanism.

E. Appropriate if a regression equation cannot be determuned. (Typically due to wide scatter
of data points.)

F. Appropriate if the PT design 15 not stable due to many factors mcluding reactivity,
volatility, packaging, transport or inherent formulation design mcompatibilities.

G. Appropriate if laboratory side sample prep and technology are deficient m recovery and
detection.

H Others.
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Comments and suggestions are encouraged. However, it is imperative that we focus on adhering
to credible standards emphasizing the chemical principles that are internationally recognized.
The kev documents are ISO17043 and IUPAC s Harmonized Protocol as referenced.
Performance-based methods (PBM’s) need to include performance-based tests (PBTs). It 1s with
lmown values that performance can be accumtely measured.
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Conducting a Demonstration of Method Applicability

Deana Crumbling, 5. Dvment: USEPA. 1200 Pennsylvama Ave. NW (5203P). Washington,
DC 20460; T03-603-9903; crumbling deanaf@epa.gov
R Johnson; Argonne National Lab

ABSTRACT

The DMA is critical i evalnating and understanding the utility of any real time measurement
technology or novel approach at a site. In accordance with Triad’s goal of managing decision
uncertainty, a DMA provides an mitial look at any technology or strategy performance in ferms
of its ability to meet project decision criteria and gmde dynamic work strategies.

The DMA can take many forms such as a comparison of a field based analytical method to a
more established laboratory method or an evalvation of whether a particular tool or approach will
work at a specific site. The format of a DMA 15 dictated by site charmacteristics and the mtended
use of the data. The resulting efforts provide many project benefits meluding: strategies to deal
with matrix heterogeneity, testing a preliminary CSM to refine sampling protocels, development
of field based action levels, designing appropriate QA/QC requirements, using collaborative data
sets, improving data management, determning contmgencies, and evaluating sample
throughput/project staffing or other logistics.

This presentation will include an overview of the DMA process and provide examples of how
DA s hiave been structured vnder Triad projects. Examples are expected to highlight the

multitude of activities than can be considered for a DMA while demystifying the process and
providing a platform to design a DMA for vour next project.
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Quality Control Strategies for Field
Portable XRF Applications in Soil

RealTige Measurements

Deana M. Crumbling, M.S.

Office of Superfund Remediation and Technelogy Innovation
U.S. Environmental Protection Agency, Washington, D.C.
(703) 603-0643, crumbling.deana@epa.gov
NEMC, Washington, DC  August 11, 2008

Managing Decision Uncertainty Affordably and Transparently

“Data of Known Quality”

m Critical to support defensible decision-making

= ‘Known quality” means that the uncertainty of the
data results are understood

s Good science

m QC evaluates the “error” or uncertainty in a
measurement system

m QC is just as important for field analysis as for lab
analysis
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QC, Data Uncertainty &
Decision-Making

Soil result = 213
assume * 20% RPD is acceptable QC limit for dup precision
250
| | L1
I I L
174 213 260

Cannot claim the measurement system can
distinguish values between 174 & 260.

If AL = 250, and you get 213, can the decision-maker be
confident that the result is below the AL? NoO

(it is within the range of data uncertainty)

What can be done to control data
Imprecision caused by matrix variability?

n Add’| replicates allow statistical confidence

= “Error” estimation is needed to produce “definitive data”
“For the data to be definitive, either analytical or
total measurement error must be determined.”

--“DQOs for Superfund” guidance (1993) (p. 43)

m Adapt sample processing to reduce heterogeneity
These are nearly impossible to implement under
traditional laboratory mechanisms! But easily

done using real-time, adaptive S&A & tools
like XRF (1 leg of Triad)
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Real-time Data-Decision
Uncertainty Management

n Real-time availability of results
< instantly recognize data-decision uncertainty
< adaptively increase replicates to calculate “error”

<+ adapt sample processing & analysis to improve
reduce data error

< document statistical decision confidence

" XRF field project example

Field Portable X-Ray Fluorescence
(XRF) Instrumentation

m Increasingly common field-operated
instrument

m Often operated by sample-collection
technicians

= Vendor training NOT equate to knowing
how to generate data of known quality

= Common excuse: “datajust used for
screening’” el

» [f “screening data” not known quali
shouldn’t trust any decisions

= Might as well flip a coin
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Operator Needs to Detect &
Control Potential XRF Problems

= Understand QC practice, interpretation & CA
+ Initial calibration (generally done at factory)
+ Instrument drift
<+ Window contamination
4+ Element spectral interference effects
4+ Matrix effects (water, matrix minerals absorb X-rays,...)
<+ Unacceptable detection limits
4+ Matrix heterogeneity effects (particle size/conc effects)
4+ QOperator errors (window not “square” on matrix)

Example: XRF LCS & Corrective
Action in Real-time

= Annotated control charts for NIST control
+ Set-up before field project
< Controls run in field at least 4 times per day

<+ Reported results were bracketed by in-control QC
(see example next slide)

m Charts detect inadequate instrument performance
for investigation & QA-corrective action
<+ Check battery power; CA = replace battery
+ Check for instrument cross-contamination; CA = clean
<+ Re-standardize instrument—rerun controls & samples
% Call expert user or vendor support
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MEDIUM STANDARD CONTROL CHART - XRF U1589
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Other XRF QC that Can be
Performed

= |Instrument & sampling replicates
» Determine sources of data error

*

<+ Analytical side or matrix sampling side

n Split samples w/ ICP for comparison to XRF results
<+ Avoid random 10% selection

+ Be selective: Get enough of the right conc so have
comparison data points where needed most to build
decision confidence

<+ Valid ICP-XRF comparisons require control over
sample heterogeneity
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Measuring Heterogeneity Effects

= Duplicates are a way to assess heterogeneity’s impact on
data repeatability

n 4 of 6 lab dups were out-of-control (lab’s QC limit was

35% RPD)
= Action level = 500 ppm
Sample ID Original ICP result | Lab duplicate ICP result | %RPD
NW10-B-0-2 453 666 38
NwW14-C-0-2 1040 688 41
NW16-A-2-10 760 1038 31
SWNW2-D-0-2 874 2187 86
SWNW4-A-0-2 996 874 13
SWNW5-B-2-10 689 987 36

Comparing XRF & ICP Data

You can’t expect XRF to match ICP any better
than ICP matches itself!

Data Comparability
Between Field & Lab Methods
(the term “confirmation” is misleading)

First, a word about regression...
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ICP vs XRF (lead - all data)
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Don’t be Fooled by

. “Stealth” Regressions!

= Poor regressions often fly

under the radar.

Common error is using 1 or
2 very high results

Falsely improves RZ2

Over-dependence on R2
(such as in SW-846!)

n Often neglect slope &

intercept! (More important
than R2

Bagged Samples

» Take ~300 - 1 kg soil
in plastic bag

» Shoot several times
over bag for XRF result

» Send to ICP lab for
subsampling & analysis
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Confidence in Bag Pb Results,

Didn’t get the Same Info w/ ICP Data

XRF
Date Date Reading | Run Time (30 | Uncorrected
Sample ID Sampled | Analyzed Time No. sec minimum) Result
NW10-B-0-2 24-Apr| 27-Apr 1054 219 33 330
NW10-B-0-2 24-Apr 27-Apr 1058 220 30 404
NW10-B-0-2 24-Apr 27-Apr 1101 221 30 505
NW10-B-0-2 24-Apr 27-Apr 1105 222 30 473
AVERAGE 228]|
STANDARD DEVIATION OF RESULTS| 78“
95th UCL on the Mear| 519]
IS 95th UCL less than 50077 YES | NOX
If no, are at least 2 readings below 5007 If yes, then proceed to below] YES X NO
NW10-B-0-2 24-Apr 27-Apr 1110 223 30 363
NW10-B-0-2 24-Apr 27-Apr 1113 224 30 377
NW10-B-0-2 24-Apr 27-Apr 1117 225 30 403
NW10-B-0-2 24-Apr 27-Apr 1121 226 30 418
NW10-B-0-2 24-Apr 27-Apr 1125 227 30 528
NW10-B-0-2 24-Apr 27-Apr 1131 228 38 416
AVERAGE 422
STANDARD DEVIATION OF RESULTS 63
95th UCL on the Mean| 458
Is 85th UCL less than 50077 If no, rehomogenize and repeat YES X NO

Plot XRF’s Dups & ICP’s Dups

1 set of samples had both XRF & ICP dups (2 XRF results & 2
ICP results on same bagged sample). Plot the ICP lab

original/duplicate sets & the XRF original/ duplicate sets & then
place both plots on the same graph.

Field Dups: XRF (pk) & ICP (blu)

XRF:y=0.8345x +

They are pretty
2075 | close, but are they

R?=0.0049 the “same”?
= XRF Dups .
e l.e., given the

— Linear {ICP Dups) hoise in both data

ICP: y=0.9329x + 79.938

R?=0.969

2000
1500
w
o
§ 1000 -
T L~
5
T /
Fy
500 “ 0
&
0
0 500 1000 1500 2000
ariginal

—Linear [XREF Dups) SetS, iS the XRF

data numerically
comparable to the
ICP data?
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No “Correction” Required

When “noise” is taken into account, the XRF & ICP data are
equivalent (XRF line falls w/in uncertainty of ICP line).

2500

The ICP & XRF data sets
are comparable (at least
up to 2500 ppm).

2000

1500

Lab = 1.1391(XRF) + 27.168
R? = 0.8762

1CPd

1000

If you did the same statistical
analysis for splits between 2
ICP labs, would you correct
4 ‘ : : ‘ : one for the other?

0 500 1000 1500 2000 2500

500

ICP (<RF inblue)

Which is Which?

These scatter plots show the results of soil arsenic analyses. One is
a plot of splits between two different ICP labs; the other plots XRF vs
ICP splits. Samples were crushed & sieved before splitting.

120 120

100 y=111x+0414 y = 1.0009x + 9.1887

R? = 0.9249 b » 100 R’ =0.9519 .
80 80 *
60 60

40 40 »

20 * 20
*

282




NEMC 2008

It Is Not Fair...

..to hold XRF data to a higher
standard than lab analysis.

And then call

all XRF data "screening” &
all lab data “definitive”.
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Technology-Specific Performance Assessment

Yves Tondeur, Ph.D. & Jerry Hart
Analytical Perspectives

2714 Exchange Drive

Wilmington, NC 28405
yifiultratrace.com

ABSTRACT

The moment we stop aslang questions about the functionality of our controls, we drive ourselves
mto a siination whereby our methodologies offer misinformation on the actual performance. A
case m point 15 comprehensive and stable isotope-dilution high-resolution mass spectrometry
(ID-HEMS) or tandem MSMS, which are the underlving technologies for methods measunng
mumute quantities of PCDIVFs, PCHs, PAHs, pesticides, PPCPs and PBDPEs.

Tradition determinism—i e, perpetuating old habits by contimung to rely on old ways to assess
performance—is a sure way to lock ourselves into the past and limit improvements for the future.
It is essential we realize that not all technologes are created equal. Furthermore, the perception
that one quality mold fits all is an obstacle to quality gains. In the small amount of time
allocated, we will attempt to show why it is important to rethink the quality system framework so
that we can transform the way QU is carried out by focusing more on the decisive procedural
steps and replacing obsolete practices. The object s to keep ID-HEMS and ID-MSMS honest
by making the related methods more transparent and accountable. This has ramuifications on how
fture ID-based methods should be written, however, this paper will discuss the more immediate
need of how to align the NELAC Quality System standards with the ID technelogy specific
needs.
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TECHNOLOGY - SPECIFIC
PERFORMANCE ASSESSMENT

24™ NATIONAL ENVIRONMENTAL MONITORING
CONFERENCE

YVES TONDEUR, PH.D.
JERRY HART

ANALYTICAL PERSPECTIVES
o L—

AucGusT 11-15, 2008
WASHINGTON, D.C.

OBJECTIVES

DEVELOP AWARENESS
ALL TECHNOLOGIES NOT CREATED EQUAL

CORRECT PERCEPTIONS
ONE QUALITY MOLD FITS ALL

KEEP ISOTOPE DILUTION HONEST
MORE TRANSPARENT
METHODS ACCOUNTABLE
NO MORE DECISIVE ERRORS ALLOWED TO GO UNNOTICED
RETHINK QUALITY FRAMEWORK
TRANSFORM THE WAY QC IS CARRIED OUT
REVISED QA /QC APPROACHES REPLACING OBSOLETE PRACTICES

ll ARALYTIGAL PERSSTOTIVES 14- Ko i
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TECHNOLOGY

COMPREHENSIVE & STABLE

HIGH - RESOLUTION

OR
TANDEM
MASS SPECTROMETRY

TECHNOLOGY

ULTRATRACE
ISOTOPE DILUTION — BASED
US METHODS

8290
23
0023A

TOSA
428
429
1613

1668A
1614
1694
1698
1699
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1. METHODS

2. EDUCATION

3. ACCREDITATION PROGRAMS

ACCREDITATION PROGRAMS

f 1

KNOW HOW THE TECHNOLOGY WORKS

. 4

A 4
-

REVISIT DEFINITIONS & CONCEPTS

A =

A 4
[ ADDITIONAL LANGUAGE 3}
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ACCREDITATION PROGRAMS

KNOW HOW THE TECHNOLOGY WORKS

RATIO GAME
IsOTOPE DILUTION
A SPECIAL FORM OF INTERNAL STANDARD APPROACH

ll ARALYTIGAL PERSFTGTIVER 14- Ko i

SAMPLING STANDARDS KHOW HOW THE NEW
TECHHOLOGY WORKS

(STATIC SPIKING IN XAD/PUF)

STANDARDS & RELATIONSHIPS

QUALITATIVE/QUANTITATIVE

A e e ES

X

CLEANUP
STANDARDS

OVERALL EFFICIENCY

CLEANUP EFFICIENCY

CS/AS ................................. ...JS

INJECTION

SAMPLING / STORAGE

SS R e e e e e ] ES

STANDARDS

ll AMALYTION PERSFECTIVER 14-How
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HCHOW HOW THE NEW
TECHHOLOGY WORKS

1000 PG TCDD; 2000 PG ES
R=1/2

10 G SAMPLE

100 PPT 2,3,7,8-TCDD
2000 PG '3C,,-2,3,7,8-TCDD

EXTRACTION
(90% Rec.)
L 4

900 PG TCDD; 1800 PG ES
EXTRACT

R=1/2

FIRST CLEANUP
(50% Rec.)

Y

EXTRACT 450 PG TCDD; 900 PG ES

R=1/2

SECOND CLEANUP
(50% ReC.TCDD)

A J
TCDD FRACTION 225 pc TCDD; 450 PG ES

R=1/2

O 339

OVERALL RECOVERY: 22.5%

ll ARALYTIGAL PERSFTGTIVER 14- Ko i

HCHOW HOW THE NEW
TECHHOLOGY WORKS

RECOVERY - CORRECTED CONCENTRATIONS
— AMOUNT OF LABELED STANDARDS @ EXTRACTION STAGE

2,3,7,8-TCDD & '3C,,-2,3,7,8-TCDD

— NUMBER OF NEUTRONS

EXTRACTION & FRACTIONATION STEPS
— INSUFFICIENT THEORETICAL PLATES

RATIO TARGET ANALYTE & LABELED STANDARD
— FIXED @ EXTRACTION STAGE
— MusT REMAIN CONSTANT

ll ARALYTIGAL PERSFTGTIVER 14- Ko i
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ACCREDITATION PROGRAMS

MOST DECISIVE STEP

SPIKING

SPIKING

/ THREE CRITICAL ASPECTS \

NOT ADDRESSED IN METHODS

TO ENSURE PERFORMANCE

1. INTEGRATION
2. DELIVERY TECHNIQUE

Q SOLUTIONS RELIABILITY /
14-Nov.0%

ll ARALYTIGAL PERSSTOTIVES
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il
SPIKING

ISOTOPE DILUTION
EXTREMELY FORGIVING

DISTINCTION BETWEEN
ACHIEVING A 25 PERCENT RECOVERY
&

UNKNOWINGLY SPIKING
1/a™ OF THE LABELED STANDARDS

ll ARALYTIGAL PERSSTOTIVES 14- Ko i

il
SPIKING

ISOTOPE DILUTION
EXTREMELY FORGIVING

25 PERCENT RECOVERY = ACCURATE RESULTS

1/a™ LABELED STANDARDS = FACTOR OF 4 ERROR

100 PERCENT RECOVERY = INACCURATE RESULTS

ll ARALYTIGAL PERSSTOTIVES 14- Ko i
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ISOTOPE DILUTION
TRADITIONAL QC SAMPLES

SYMBOLS OF OLD - NOT ADAPTED
THINKING

PERPETUATING PERCEPTION
ALL TECHNOLOGY ARE CREATED EQUAL
ONE QUALITY MOLD FITS ALL

ENEMY WITHIN OUR QUALITY SYSTEMS
TROJAN HORSE ?

ACCREDITATION PROGRAMS

[ REvISIT NELAC DEFINITIONS & CONCEPTS

A 4

CELL/PROFICIENCY TESTING
PBMS

MDL

CALIBRATION

OPR /7 LCS / MS
UNCERTAINTY
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ACCREDITATION PROGRAMS

WHY WE NEED A BETTER SYSTEM
RE — ESTABLISHING THE LINK BETWEEN

QC SAMPLE
&
PERFORMANCE ASSESSMENT

WHERE & WHEN

IT IS NEEDED
(SITUATIONAL)

ll ARALYTIGAL PERSFTGTIVER 14- Ko i

ACCREDITATION PROGRAMS

LCS

APPENDIX D: ESSENTIAL QC REQUIREMENTS

D.1.1.2.1 LABORATORY CONTROL SAMPLE

APPENDIX C: DEMONSTRATION OF CAPABILITY

C.3 INITIAL TEST METHOD EVALUATION
C.3.3 EVALUATION OF PRECISION & BIAS (equivaLENT TO 4 LCS)

NoTe: MDL Is EQUIVALENT TO 7 LCS

ll ARALYTIGAL PERSFTGTIVER 14- Ko i
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REvisr NELAC
DEFINMONS & CONCEPTE

LCS

D.1.1.2.1 Laboratory Control Spike (NELAC 2003)

Purpose:

The LCS is used to evaluate the performance of the total analytical system,
including all preparation and analysis steps. Results of the LCS are compared to

established criteria and, if found to be outside of these criteria, indicates that the

analytical system is “out of control”,

ll ARALYTIGAL PERSSTOTIVES 14-Nav- 08

REvisr NELAC
I C S DEFINTIONS & CONCEPTS.

How do we go
about doing this in
a correct manner?

D.1.1.2.1 Laboratory Control Spike (NELAC 2003)

Purpose:

The LCS is used to evaluate the performance of the total analytical system,

including all preparation and analysis steps. Results of the LCS are compared to

analytical systeji is “out

Too vague!
Incomplete description
because ...

...because “preparation” includes the most
critical and decisive step without being
made explicit.

ll ARALYTIGAL PERSSTOTIVES 14- R 0%

How are they
established?
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REvisr NELAC
DEFINMONS & CONCEPTE

What if...

* The process that was followed to establish the criteria failed

to recognize the “Trojan horse” nature of the LCS / OPR in the
context of isotope-dilution HRMS or MS/MS ?

» The approach followed had an inherent bias due to the
study’s design?

relying on flawed approaches is not beneficial to NELAC’s efforts of
building quality systems

ll ARALYTIGAL PERSSTOTIVES 14- Ko i

REvisr NELAC
DEFINMONS & CONCEPTE

OPR & LCS

(1613)

Laboratory Control Sample (LCS)—See ongoing precision and recovery
standard (OPR).

OPR—Ongoing precision and recovery standard (OPR); a laboratory blank
spiked with known quantities of analytes. The OPR is analyzed exactly
like a sample. Its purpose is to assure that the results produced by the
laboratory remain within the limits specified in this method for precision

and recovery
Tacitly implies
“accuracy” when

A, is the target.

Where are the
precision DQOs in
Table 6 of Method
1613B7?

14- Ko i
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REVISIT MELAG
DEFINITIONS & CONCERTS

OPR & LCS

Method 1613

TABLE 6. ACCEPTANCE CRITERIA FOR PERFORMANCE TESTS WHEN ALL
CDDS/CDFS ARE TESTED !

1PR **
Test
Conc. s X OPR VER
CDD/CDF (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
2.3,7.8-TCDD 10 2.8 8.3-129 6.7-15.8 78-12.9
YC,-2,3,78-TCDD 100 37 28-134 20-175 82-121

“ Its purpose 1s to assure that the results produced by the laboratory
remain within the limits specified in this method for precision and recovery. *

II AMLLYFISAL PERARESTIHEL 14-Hen-08

REVISIT MELAG
DEFINITIONS & CONCERTS

Method 1613

TABLE 6. ACCEPTANCE CRITERIA FOR PERFORMANCE TESTS WHEN ALL
CDDS/CDFS ARE TESTED !

1PR **
Test
Conc. s X OPR VER
CDD/CDF (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
2.3,7.8-TCDD 10 2.8 8.3-129 6.7-15.8 78-12.9
YC,-2,3,78-TCDD 100 37 28-134 20-175 82-121

There is no clear target
precision information
in this table.

* Its purpose is to assure that the results produced by the laboratory

remain within the fimits specified i this method for precision and recovery.

Let’'s translate these limits into
something we can relate to better.

14-Hen-08

I I AALLYFIEAL PERAPESTINES
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OPR & LCS

Mechod 1613

TABLE 6. ACCEPTANCE CRITERIA FOR PERFORMANCE TESTS WHEN ALL
CDDS/CDFS ARE TESTED'

PR =
Test SR,
Conc. s X OPR VER
CDD/CDF (ng/mL) (ng/mL) | (ng/mL) (ng/mL}) (ng/mL)
2.3.1.8TCDD 10 28 83-12.0 [ 78129
UC,r2.378-TCDD 100 37 28-134 20-175 82-121

One way of reading this table is to
say that on one day we can
achieve 6.7 and 15.8 on the next.

* Its purpose 1s to assure that the results produced by the laboratory

remain within the limits specified in this method for precision and recovery. *

This effectively means that we have a tolerated percent difference as high
as 91 percent for 2,3,7,8-TCDD in a matrix presenting no challenges !

ll AMALITIGAL PERSPTCTIVES M-l 08

OPR & LCS

Mechod 1613

TABLE 6. ACCEPTANCE CRITERIA FOR PERFORMANCE TESTS WHEN ALL
CDDS/CDFS ARE TESTED'

PR =
Test SR,
Conc. s X OPR VER
CDD/CDF (ng/mL) (ng/mL) | (ng/mL) (ng/mL}) (ng/mL)
2,3.7.8-TCDD 10 28 83-12.9 6.7-15.8 7.8-12.9
BC,r2.378-TCDD 100 37 28-134 82-121

This effectively means that we have a tolerated
percent difference as high as 155 percent on the
Extraction Standard recovery!

“ Its purpose 1s to assure that the results produced by the laboratory

remain within the limits specified in this method for precision and recovery. ©

ll AMALITIGAL PERSPTCTIVES M-Hor-08
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II AMALYTIOAL FERSFTOTIVES

NEMC 2008

Rensm NELAC
DEFINMONS & CONCEPTE

Let's consider the congener that can constitute as much

as 40 to 60 percent of the TEQ in certain matrices:

2,3,4,7,8-PeCDF

Metheed 1617

TABLE & ACCEFTANCE CRITERIA FOR PERFORMANCE TESTS WHEN ALL

CDDS'CDFS ARE TESTED

14- Ko i

RS NELAC
DEFIRMGHS & CONCEFTS

T
Test
Cone s X VER
CDDCDFE fngiml) ingal) | ing'ml} frg/enll}
237BTCDD n b AN128 7129
23TETCDF 10 A7-137 BA-1ZD
50 kb 1065
1237 A PeCDF 50 3-8 A1-60
2347 BPeCEH 50 .75 461
12347 8- HeCDiD 50 ».76 i
1 HxCOD 50 2-62 1964
1237 88.HCDD 50 10 77 4161
12347 8-HCDF 50 &7 4158 155
1235.7 8- HACDF 50 &7 1660 “ws
1237 88-HACDF 50 64 261 455
6,7 8- HaCDE s 4 "M “ws
£ AHpCDD 50 7 I™-65 4253
34,67 BHpCDE 50 (3] 556 4555
12347 89-HpCDF 0 &1 4363 135
[ ] w1z o128
100 7 Th-1E 63158
100 i 813 BZ-121
100 1] 3-113 Ti-140
100 ] 27184 2160
oo k] T
TOF T &
36T EHCDD 1] BS.
12347 B HNC DE 100 7
26,78 HCDE 100 2 i
23T RSHCDE 106 17-205 T
ZA46TR-HRCDF 100 2176 7
234678 HpCDD 100 26-166
123467 8- HpCDF 100 20-158
L2347 RS- HpCDF 10 -1l 186
0CoD 200 41-278 26-307
TCOD 10 is 14.1 A8

"X = average concentration

Al specilications are @ven a5 coneniration in e
= standard deviation of the concentration

inal eNIran. ansiming a 2

L volami

=T

298
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REvsmNELAC |
DEFINTIONS & CONCEFTS

OPR & LCS

Method 1613

TABLE 6. ACCEPTANCE CRITERIA FOR PERFORMANCE TESTS WHEN ALL

CDDS/CDFS ARE TESTED'
I'Fk ™
Test S
Conc. s X OPR VER
CDD/CDF (ng/mL) (ng/mL) | (ng/mL) ng/mL) (ng/mL)
"C,-2.34.18-PeCDF 00 3 16-219 ﬁ 77-130

For 2,3,4,7,8-PeCDF, i.e., one significant
contributing congener to the TEQ, the
tolerated “precision” is 315 percent !

Is this the kind of
DQOs we really want ?

* Its purpose is to assure that the
remain within the limits specified in this method for precision and recovery.
II AMALYTIOAL PCRSFTCTIVES 14-Hov 08

toduced by the laboratory

OPR ES/CS Recovery Ranges e

Method 1613B A pt. Criteria for Performance
peak-to-peak 13% to 328%; average 21% to 192%

350

us

ORec. % Lower BRec. % Upper

.Ilnnumn-nmn 14-Nav- 0
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OPR Percent Diffi R {m d vs. cted) DEFINTIONS & CONCEPTS

Method 1613B Acceptance Criteria for Performance
peak-to-peak 107%; average -27% to 46%

75%

0%

5%

%

5% 2% 2

-45%

2378 2378 12378 12378 23478 123478123678 123786 123478 1236758 123788 234678 123467, 123487, 123478 OCO0  OCOF
TCOD  TCOF  PeCOD  PeCOF  PeCDF  HxCOD  HeCOD  HiCDD  HCDF  HxCOF  HWCDF  HiCOF  BHpCODD B-HpCOF  8-HpCOF

BOPR PD Lower BOPR PO Upper

Mﬂ:nﬁm [ER

OPR & LCS

NORMAL CASE

SPIKING A “NEUTRAL” MATRIX WITH

A, = 2,3,7,8-TCDD 200 PG

ES = 13¢,,2,3,7,8-TCDD 2,000 PG
FINAL VOLUME: 20 pL
CORRECT ANSWER: 10PG/uL (A)

Ml‘m- 14-Mow-8
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OPR & LCS

NORMAL CASE
EXTRACT/ CLEANUP/ANALYZE A,
EXTRACTION ROt ﬁi‘i%ﬁ;': %k
CLEANUP STANDARDS (CS) '
=jp FRACTIONATION ﬂL

26100 27 o 28100 20 00

INJECTION STANDARDS (JS) =% LS
ANALYSIS a3t 67}:\%1 o

‘ 24700 25100 26100 2730 28:00 28100

FINAL VOLUME: 20 L
MEASURED CONCENTRATION: 10Pe/ULFORA, IS
CORRECT ANSWER! 10 PG/ IL FOR A, ES
A, X 2000 pg
cC= = 9.2 pgfpL (ng/mL) -
A, x RRF x 20pL ng/enl)
L rescocemuse 6.7-158 v

ReEvism MELAC
DEFINMONS & CONCEPTE

OPR & LCS

CASE 1
FACTOR OF 2 SPIKING ERROR (TECHNIQUE)

. SPIKING A “NEUTRAL"” MATRIX WITH
— 100PG 2,3,7,8TCDD (A)
— 1000 PG 13C,,2,3,7,8TCDD (ES)

* EXTRACT/CLEANUP/ANALYZE
— MEASURED ANSWERIN OPR/LCSIs 10 PG/UL FORA,

— THUS, MEASURED BIAS IS 0%
BUT, SAMPLE RESULTS ARE REPORTED 2 TIMES HIGHER

14- Ko i

ll ARALYTIGAL PERSFTGTIVER
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CAsE 1
100% SPIKING ERROR (TECHNIQUE)
A = 2,3,7,8TCDD 100 PG
ES = 13(312~2,13,7',8--TCDD 1,000 PG

IF THE ACTUAL ES RECOVERY IS 100%, AND THE TECHNIQUE ERRCR
DOES NOT APPLY TO THE INJECTION STANDARDS

THE MEASURED RECOYERY Is 50% |

3 i s
o

24:19

A3 _28E6 \

2300 25700 26100 27700 28700 29700 3 1
24:18 27:20 pumsnsss, -
3,978 a3.gien P

24700 25100 26100 27100 28:00 ES peak
would be 2 size

II AMLLYFISAL PERARESTIHEL 14-Hen-08

ReEvism MELAC
DEFINMONS & CONCEPTE

OPR & LCS

CASE 2

10 - FOLD SPIKING ERROR (TECHNIQUE)

- SPIKING A “NEUTRAL"” MATRIX WITH
— 2000 PG 2,3,7,8TCDD (A,)
— 20,000 PG 13C,,2,3,7,8TCDD (ES)

. EXTRACT/CLEANUP/ANALYZE
— MEASURED ANSWER IN OPR/LCS IS 10 PG/IL FOR A,

— THUS, MEASURED BIAS IS 0%
— BUT, SAMPLE RESULTS ARE REPORTED 10 TIMES LOWER

ll ARALYTIGAL PERSFTGTIVER 14- Ko i
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SCENARIO 1 2 | 3| 4
SOPR/LCS | V V| I X | X
SAMPLE \" X Vv X

V = PASSING
X = FAILED

Results of the LCS are compared to established criteria and, if

found to be outside of these criteria.. ..

...indicates that the analytical system is “out of control” ?

14- Ko i

ll ARALYTIGAL PERSFTGTIVER

ACCREDITATION PROGRAMS

ADDITIONAL LANGUAGE

14- Ko i
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ADDITIONAL LANGUAGE

D.1.1.2.1 Laboratory Control Spike (NELAC 2003)
nf

ek inctionalvalie

The LCS is used to evaluate the performance of the total analytical system,

including all preparation and analysis steps.

ISOTOPE - DILUTION

ll ARALYTIGAL PERSSTOTIVES 14- Ko i

ADDITIONAL LANGUAGE

D.1.1.2.1 Laboratory Control Spike (NELAC 2003)

Purpose:

The LCS is used to evaluate the performance of the total analytical system,

including all preparation and analysis steps.

——)p FOCUS ON IMPORTANT & DECISIVE STEPS

...indicates that the analytical system is “out of control”.

ll ARALYTIGAL PERSSTOTIVES 14- Ko i
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D.1.1.2.1 Laboratory Control Spike (NELAC 2003)

Purpose:

The LCS is used to evaluate the performance of the total analytical system,
including all preparation and analysis steps.

LCS = SPIKED BLANK + “STOP THE TROJAN HORSE”

...indicates that the analytical system is “out of control”.

[ you cannet ceteck,
Vou cannet correst |

TECHNOLOGY - SPECIFIC
PERFORMANCE ASSESSMENT

14-Hev08
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Laboratory Support for Multi-Increment Sampling

Mark Bruce

TestAmerica

4101 Shuffel St NW

WNorth Canton, OH 44720
330-966-7267

mark bruce@testamericaine. com

ABSTRACT

The IS Arnyy Corp of Engmeers has adapted sample collection techniques from the nuning and
agricultural fields for use on military trainmg ranges with heterogeneons distributions of
energefic contaminants. These multi-ncrement sampling procedures have also been applied to
both metals and organics. Large samples in the 1 to 3 kg range are typically sent to the lab for
processing and subsampling prior to analysis. The laboratory process for energetics is described
m SW-845 Method 8330B. The same principles have also been adapted for other analyte
groups. This paper will sunmarize the various laboratory processing options for nmulti-
merement samples and cover the advantages and lmitations of each. These processing options
meclude drying, sieving, chopping, grinding wet and dry mixing.  Subsampling techniques such
as multi-increment and line & scoop will also be coverad.

NEMC 2008
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Laboratory Support
for Multi-Increment Sampling

Mark Bruce Ph.D
Larry Penfold

National Environmental Monitoring Conference
Washington D.C.

=2008, TestAmerica Laboratories, inc. All rights reserved.
TestAmerica & Design ™ are trademarks of TestAmerica Laboratories, Inc. August 11, 2008

TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Audience survey

* Monitoring data users

» Monitoring data producers
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TestAmerica Chasing Error Sources

THE LEADER IN ENVIRONMENTAL TESTING

Instrumental analysis

TestAmerica  Sample collection is old news
THE LEADER IN ENVIRONMENTAL TESTING for somel

SAMPLE REPRESENTATIVENESS:
ANECESSARY ELEMENT IN EXPLOSIVES SITE CHARACTERIZATION

. LE. Tenkins*, C.L. Grant, G.5. Brar, P.G. Thome and P.W. Schumacher,
US. Amy Cold Regions Research and Engineering Laboratory
Hanover, New Hampshire 03755,
T.A. Ranney,

PROCEEDINGS

Seience and Techno 03755-1290

ABSTRACT _

Explosives-contaminated sites are generally charecterized by collecing discrete grab
samiples of surface soil and shipping them to off-site laboratories for analysis. Decisions

4 1 . July 23-26, 1996
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THE LEADER IN ENVIRONMENTAL TESTING

NEMC 2008

Multi-lIncrement Gné-

T Y ——

TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Picture from USACE-Alan Hewitt

Picture from USACE-Alan Hewitt
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TestAmerica Air Dry

THE LEADER IN ENVIRONMENTAL TESTING

——————— A T i N 7
l =

| 4

Picture from USACE-Alan Hewitt

TestAmerica Sieve to Remove > 2 mm

THE LEADER IN ENVIRONMENTAL TESTING

Picture from USACE-Alan Hewitt

310




NEMC 2008

THE LEADER IN ENVIRONMENTAL TESTING

TestAmerica Puck Mill Grind H

9 Picture from USACE-Alan Hewitt

TestAmerica Multi-Increment Subsample H

THE LEADER IN ENVIRONMENTAL TESTING

10 Picture from USACE-Alan Hewitt
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THE LEADER IN ENVIRONMENTAL

TESTING

NEMC 2008

Formalized and Expanded to
Other Energetics in 8330B

METHOD 8330B
NITROAROMATICS. NITRAMINES, AND NITRATE ESTERS BY HIGH

PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)

SW-846 is not intended fo be ¢
procedures are written based on the
formally trained in at least the basic
technology.

In addition, SW-846 methods,
of method-defined parameters, are i
information on how to perform an ar
as a basic starting point for generati
either for its own general use or for
included in this method are for guidz
not be used as absolute QC accept:

1.0 SCOPE AND APPLICATION

1.1 This method is intender
residues by high performance liquid
detector. The following RCRA comg
determined by this method:

DoD Environmental Data Quality Workgroup

Guide for Implementing EPA SW-846 Method 83308

Introduction:

June 2008

In November of 2006 the Emvironmental Protection Agency (EPA) published method
8330B ' The method provides instruction for the trace analysis of explosives and
propellant residues by high performance liquid chromatography (HPLC). The method
includes an appendix (A), which describes sampling methodologies for collecting and
processing representative samples for analysis.

11
TestAmerica EPA Subsampling Guidance
o
(&
Eicomen Pulecion  Emerprey oot iy 0
Guidance for Obtaining O i g
Representative Laboratory SRR
Analytical Subsamples from wEPA RCRA Waste Sampling
ORI S ORROTy Draft Technical Guidance
Nov 2003 Samples .
SW-846 Chapter Nine
Planning, Implementation,
and Assessment
12
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TestAmerica One Good Idea Grows

THE LEADER IN ENVIRONMENTAL TESTING

Arsenic
dry, #10 sieve,

Selected
Explosive

Chlorinated

S

methanol jar MIS 10g

13
TAL Metals
Cr, Ni, V.  Hg
Ring & Puck Mill
Mortar & Pestle Ball Mill
Coffee grinder
Organics
VOCs SVOCs
PCBs OCPs
airdry add water
as received # R\ \ Expanded
Ball Mill  High “G” mixer , Energetlcs
offee Chopper bread mixe Rlng & Puck Mill
] Ball Mill
Stainless Steg Mortar & Pestle
Ceramic ) Stainless Steel
R0) 8 Ceramic
14
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NEMC 2008

TestAmerica Look close at the options
* Analytes
» Sample conditioning
~ Dry-Asis
+ Sieve (exclude non-sample)
+ Grind / disaggregate v\
+ Sieve (max particle size) /ﬁ )
+ Mixing
~ Dry — Wet - As is
* Sub sample
» Strengths & limitations
TestAmerica Choose your analytes

i

Energetics oﬁL N, o o
Metals, Hg

PCBs s y "
Organochlorine Pescticides . y
Phenoxy acid herbicides @ O
Petroleum hydrocarbons .
Semivolatile organics i ? :
Volatile organics I@\)L

o
[

314
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TeSTAmerlcq Sample — Not sample

Th

* Sample jars often contain non-sample components
~ Decantable water
~ Sticks
~ Leaves
~ Rocks

« Specify particle size to remove

17

TestAmeric Modifying moisture content

THE LEADER IN ENVIRONMENTAL TESTING

* Airdry
~ Al foil or paper liner
~ Ventilation hood ,
~ Strength — easy to crush sample

~ Limitation — volatile analyte loss P&
+ Add water

~ Make paste s

~ Strength — retains low boiling analytes

~ Limitation — hinders extraction
« Asis

~ Strength — least analyte loss

~ Limitation — hard to mix & grind

315
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NEMC 2008

TestAmerica  Sieve to separate sample from
THE LEADER IN ENVIRONMENTAL TESTING non _sam ple

* Disaggregate soil clumps

~ Pestle, hammer

~ Coffee chopper

~ Blender
« Most common sieves

~ #4 (6 mm), #10 (2 mm)

¢ Also #1, #30, #36, #100

+ Strength — reproducible size exclusion
+ Limitation — requires dry sample

TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

To grind or not to grind

* Yes
~ Crystalline particles, fibrous threads
~ Energetics, metals

~ Strengths - facilitates mixing, - p:
improves precision, ' mUﬁEEﬁ |
reduces sub-sampling error ¢ —

* No

~ Volatile, thermally labile,
increased “availability”

~ Low boiling PCBs, OCPs,
TPHs, SVOCs, metals

~ Strengths - better analyte retention,
“accurate” metals risk assessment

316
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TestAmerica How best to grind

THE LEADER IN ENVIRONMENTAL TESTING

Puck mill or ring and puck mill
~ “stable” energetics

Ball mill
Mortar and pestle
« Consider

~ Analytes
~ concentration of interest

~ grinder materials
~ Particle size

21
TestAmerica How fine is the grind?
* What is the target particle size?
* How to determine completeness
~ Visual inspection
~ Pinch of “flour”
~ Sieve #200 (~75 um)
22

317
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TestAmerica Mixing to reduce

THE LEADER IN ENVIRONMENTAL TESTING hete rogeneity

* Tumble in container
Benchtop bulldozers
“Bread dough” mixer
Grinders

High “G” mixer

TestAmerica Sub-sampling Options

THE LEADER IN ENVIRONMENTAL TESTING

* Sequential scoops (fractional shoveling)
» Rotary Sectorial splitter
* Line & scoop

* Mix & dig-a-spot

¢ MIS pancake (8330B)
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TestAmerica Using large subsamples

Th

» Larger particles
~ Produce larger errors or require larger subsamples

Fundamental Error
200

-—1g
—i—5 g A

150
—dr—10 g
=3=30 g
100
50
M
0 T T T T

%RSD

0 1 2 3 4 5
Particle size (mm)
25 ASTM DB323 Sec. A1.1
TestAmerica How to choose?

+ Talk with your laboratory
» Specify the performance wanted/needed to make the
decision
~ List all Analytes
~ Sample mass range
~ Particle size to include/exclude
~ Analyte accuracy - %R
~ Analyte precision - %RSD
~ Pebbles, crystalline material

* Grind or not
— If yes to what max particle size

26
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