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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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Characterizing Sediment Contamination Using A Passive
Sampler

Jay Hodny

W.L. Gore & Associates, Inc.
100 Chesapeale Blvd.
Elkton, MD 21021
410-392-7600
jhodnyv@wlgore com

ABSTRACT

Characterizing sediment contamination in fresliwater and manne environments is challenging
even under wdeal sampling conditions. The challenges may lead to poor data quality, a weak
conceptual site model, a remediation program that 1s not optinuzed, unnecessary damage fo
ecologically sensitive areas, and overall unneeded project waste and expense. Screening
techniques, such as membrane-based passive samplers, provide a unique, efficient and cost-
effective method to wlentify areas of sediment contamination. The approach minimizes the
mtrusive footprint in the sediment ecosystem while providing high-resolution data on the extent
of contaminant impact. Subsequent sampling by more complex and mvasive techniques 1s now
focused, more effectrve, and economical. The investigations discussed here utilized a passive
sampler constructed of a GORE-TEXE membrane tube, which surrounds hydrophobic
engmeered adsorbents. The adsorbents have an affimty for a broad range of orgamic compounds,
wiile mumimizing water vapor uptalke. Compounds dissolved in the sediment porewater, partition
to vapor in contact with the sampler membrane, and diffuse to the adsorbent virtually
unimpeded. The samplers proved to be an accurate, sensitive, easy-to-use sediment porewater
sampling tool.

The application of the membrane-based passive sampler at two sites is presented. In the first
case, the Washington State Department of Ecology and the US EPA have been overseeing
sediment characterization and cleanup efforts along the Lower Duwamish Waterway, now listed
on the Superfund National Priorities List. The passive sampler was used to screen an embayment
m the waterway to determine whether groundwater, contaminated by chlorinated compounds
from upgradient sources, was entering the river by generalized upwelling throughout the
embayment sediments, or through shallow localized groundwater seeps. Conventional sedunent
grab sampling, piezometer and peeper sampling confirmed the passive results through additional
mvestigation stages, and showed good correlation with the original passive results. In the second
case, a passive soil gas survey using the same membrane-based passive sampler was conducted at
a manufacturing site along the Tennessee River to delineate on-shore subsurface impact to soil
and groundwater. To determine if the on-shore impact was entering the river, the passive
samplers were then deploved in the river sediment. Chlorinated compounds were observed in
discreet locations from the river sediment sampling, which correlated spatially with the on-shore
soil gas results. The presentation will imclude the discussion of the passive sampler and two case
studies.

NEMC 2008
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Characterizing Sediment Contamination
Using a Passive Sampler

Steve Wild, P.G.

Marion Environmental, Inc.

Jay W. Hodny, Ph.D.

W. L. Gore & Associates, Inc.

NEMC 2008 Conference
Washington, DC
August 11-15, 2008
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Outline

+ Use of passive sampling in environmental investigations
+ Benefits of passive sampling

+ GORE™ Module

+ Lower Duamish Waterway investigation

+ Tennessee River investigation
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-
Common Applications for Passive Sampling

+ Site assessment (Conceptual Site Models)
— Rapid, high-resolution sampling

— Bhifts sampling from exploration to confirmation

— Focuses more intrusive and expensive sampling
+ Brownfields — property transfers
+ Vapor intrusion
+ Monitoring

— Groundwater long-term

— Site remediation

+ Water sampling
— Sediment porewater; ground- & surface water M_El

* - partial list A

B 2005 W, L. Gore & Associates Crmitive Techroioges
Weridarte

Benefits of Passive Sampling

Rapid, inexpensive, unobtrusive installation & retrieval
— Minimal operator & field sampling error
— Virtually no access restrictions

* Time-integrated sampling
— Effective in low/high permeability - dry/moist soils
Sensitivity to low concentrations (ppb)
Sensitivity to VOCs, SVOCs, PAHs
— Minimizes sampling variability
* No forced extraction
» No mechanical parts or connections
* No energy required

» Soil gas, sub-slab SG, air, water, sediment porewater M_EI

w7

B 2005 W, L. Gore & Associates Crmitive Techroioges
Weridarte
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GORE™ Module

Soil Gas

GORE-TEX® Membrane

— Chemically inert, waterproof, vapor

permeable
— Designed for vapor diffusion

Hydrophobic, engineered sorbents

- VOCs, SVOCs, PAHs
Sample analysis

- TDWGCWS (Modified EPA 8260/8270)

— Duplicate samples

Direct compound detection
Mass and concentration data

US EPA ETV verified
— Soil gas ET/

— Groundwater

© 2005, L. Gore & Associates

GORE-TEX®

Installation in Soil Gas, Subslab Soil Gas & Air

Module
insertion

Sample
surface to
any depth

B A ot o
© 2005, L. Gore & Associates

Subslab Soil Gas

Tl

Sample to
any depth

Angle beneath slab

Air
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Installation in Sediment - G

To Surface 7

Cord attached to float
or insertion probe.

roundwater

X

of Peragrine

GORE™ Module
can be inserted |
directly into ! e

sediment. ! GORETEX® membrane

‘Water and Soll

© 2005, L. Gore & Associates

Site Characterization - Sediment Porewater Sampling

Lower Duwamish Waterway

Background

- Tidally influenced waterway

Two overlapping discharging solvent plumes
 Shallow aerobic plume - mostly PCE and TCE

» Deeper anaerobic plume - mostly DCE and VC

Groundwater concentrations >1000 times cleanup levels

|dentified seep concentrations >100 times cleanup levels

« Agencies’ concern - “worst” groundwater may be

discharging deep in waterway and polluting sediments ﬂ
GORE,
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|
Site Characterization - Sediment Porewater Sampling

Lower Duwamish Waterway
N

Myrtle Street |
Embayment
Study Area

Terminal 117 -

Rhone-Poulenc m—!&

w7

-
B 2005 W, L. Gore & Associates Craative Techrooges:
Weridwe

Site Characterization - Sediment Porewater Sampling

Lower Duwamish Waterway, WA

The Problems
» Tides reverse groundwater gradient near discharge areas
— Pronounced change in rivers and estuaries

» Saltwater wedges in formation
— Focus less dense groundwater discharge upward above wedge

« “Seeps” of preferential discharge

— Increasing gradients, differential permeabilities

— Discharge below surface water, difficult to detect

— Poor Conceptual Site Model (CSM) A
Cg

© 2005, L. Gore & Associates [

» Difficult to delineate ﬁ?l
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Site Characterization - Sediment Porewater Sampling

Lower Duwamish Waterway
The Solution
+ GORE™ Modules

— Easy-to-install by divers

— Sample large areas, potential discharge areas and seeps
+ Sample over multiple tide cycles

— Time-integrated sampling

— Tidal effect minimized due to sample design

© 2005, L. Gore & Associates [

Site Characterization - Sediment Porewater Sampling

Lower Duwamish Waterway

Goals

+ Map discharge areas easily and quickly

+ Identify all seeps containing VOCs

+ Demonstrate no VOC diffusion through embayment sediments
+ Verify Conceptual Site Madel

+ Focus on subsequent sampling

© 2005, L. Gore & Associates [
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]
Site Characterzation - Sediment Porar Samlin

Primary Plumes and Discharge Areas |
y 1st Water-Bearing Zone

R v

-] ¢ GORE Module Location (Phase 1: October 1998}
| 4 Seep Location
8 Bathymetric Gontour in Feet (MLLW)

[ shareline

Lo

ms
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Site Characterization - Sediment Porewater Sampling

rimary Plumes and Discharge Areas [ '
2nd Water-Bearing Zone

T

T GORE Maduls Lacabon (Phase 1! Oclober 1998) [
& Seep Location [k
a3 Bathymetric Contour in Feet (MLLW)

[ shoreline:
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1
Site Characterization - Sediment Porewater Sampling

Lower Duwamish Waterway

GORE™ Survey

Phase 1: Embayment-wide

« 50 ft grid across embayment; chains; divers
+ 12 to 18-inch insertion; rebar

+ 48-hour deployment

Outcome:
+ Identified new and expanded seep face near top of saltwater wedge
+ Demonstrated lack of embayment discharge

+ Confirmed discharge conceptual site model ﬂ
- Wedge effect

B 2005 W, L. Gore & Associates Croative Techroioges

Site Characterization - Sediment Porewater Sampling

" |GORE Module and Seep Locations (October 1998)
Phase 1: Embayment-wide Sampling Event |
. i

LR | A R T

T GORE Module Location
4 Seep Location
% Piozometer Lacation
|| 3 Bathymetric Gontour in Feat (MLLW) o
[Jshersline

10
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Site Characterization - Sediment Porewater Sampling

Lower Duwamish Waterway
GORE™ Survey

Phase 2: Refinements - Seeps
+ 10 ft spacing along seep face

« Concurrent collection of sediment and grab samples

Outcome:
+ |dentified extent of seep face
+ Identified location of seeps with maximum concentrations

+ Discharge highly localized

— Narrow vertical extent

an
w7

@ 2008 VY. L. Gore & Associstes Prontie Dot
Werdwce

Site Characterization - Sediment Porewater Sampling

1 & GORE Module and Seep Locations (November 1998) =y :515‘1 :

< Peeper Location (July 2005 Event)

% Piazometer Location (Novembr 1998)

7 GORE Module Location (Phase 1: Octobar 1598)
T GORE Module Location (Phase - November 1338)
4 Seep Location
45 Sathymetric Contour in Feet (MLLY)

I shoreline

cis 12-DCE Concentrations

GORE Module Locations  Peeper { Seep Locations
desorbed) }

«1 <1
1-26 @ 1-80
25,100 50500
100 - 200 500 - 1,000

200 - 500 1,000 - 5,000 Duwamish \
Waterway i ! -

@ 2008 VY. L. Gore & Associstes Prontie Dot
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Site Characterization - Sediment Porewater Sampling

Lower Duwamish Waterway

CONCLUSIONS 02 54

+ GORE™ Survey - Objective and Goals met

— Objective and goals met accurately
= Rapid, critical, accurate sediment assessment
= Saltwater wedge present
+ CS5M redefined
— Discharge via seeps, not generalized upwelling
= Highly localized
= Limited vertical extent, long horizontal extent

@ 2008 L. Gare & Azsociates Craatve Technoiope:

Site Characterization - Sediment Porewater Sampling

Tennessee Manufacturing Site

Background

« 10 acres, Adjacent to Tennessee River
s Operated 1961 — 1990
+ Chemicals Stored
— Tetrachloroethene (PCE) - Trichloroethene (TCE)
— 1,1,1-Trichloroethane (111-TCA) - Dichloromethane (DCM)
— Toluene - Styrene
+ Geology = Prograded Floodplain Deposits
— Land Surface — Bedrock =
— Clay — Silt — Sand — Gravel — Bedrock "EI

© 2005, L. Gore & Associates Crmative Techroopes
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|
Site Characterization - Sediment Porewater Sampling

Tennessee Manufacturing Site

Goals
+ Satisfy regulatory site assessment objectives in river

+ Verify Conceptual Site Model

— Generalized upwelling of YOCs into river?
+ Map underwater discharge areas easily and quickly

+ Focus on subsequent sampling, if necessary

© 2005, L. Gore & Associates Craanve Bl

Site Characterization - Sediment Porewater Sampling

Tennessee Manufacturing Site

U\

+ GORE™ Survey — onshore — August 2004 10
Objective: Characterize subsurface contamination
74 GORE™ Modules
~20 day exposure
Chlorinateds, fuels observed
= Correlated with onshore groundwater data

« GORE™ Survey — offshore — August 2007
19 GORE™ Modules

2-4 hour exposure

Upstream control modules

Chlorinateds observed in sediment porewater :
= Correlated with onshore GW data from MW-10 "FI

@2008W.L. Gore & Associates O Reiingies
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Tennessee Manufacturing Site

GROUNDWATERSS’
FLOW BIRECTION

© 2005, L. Gore & Associates

Tennessee Manufacturing Site

Onshore Vapor Survey Results - 2004

= FORMER INDOOR
TANK FARM

&l
U g @
-€— TENNESSEE RIVER <€—
© 2005, L. Gore & Associates
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Tennessee Manufacturing Site
Onshore Vapor Survey Results - 2004

-€— TENNESSEE RIVER -€—
© 2005, L. Gore & Associates

7y

Tennessee Manufacturing Site

Onshore Vapor Surve

- 5
— vV o @©
-—— TENNESSEE RIVER -€—
© 2005, L. Gore & Associates

15

TANK FARM

y Results - 2004

— FORMER INDOOR

cis-1,2-DCE
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Tennessee Manufacturing Site
Onshore Vapor Survey Results - 2004
©

FORMER INDOOR
TANK FARM

- -
FEET j
-~€— TENNESSEE RIVER <€— m

B 2005 W, L. Gore & Associates Craative Techrooges:
Weridwe

Site Characterization - Sediment Porewater Sampling

Tennessee Manufacturing Site

+ GORE™ Survey — Offshore — Installation/Retrieval 10 0 54
— Diver installation
— Underwater grid layout with string; Measured with cloth tape
— Pilot insertion hole created with stainless lance
— Module inserted into pilot hole with lance
— Marked with string and float for retrieval

© 2005, L. Gore & Associates

16
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1
Site Characterization - Sediment Porewater Sampling

Tennessee Manufacturing Site

+ GORE™ Survey — Offshore 10 O 5
— Underwater locations GPS-verified at water surface

— Diver-held survey rod :

— GPS from shore and boat

© 2005, L. Gore & Associates

Site Characterization - Sediment Porewater Sampling
Tennessee Manufacturing Site
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Site Characterization - Sediment Porewater Sampling
CORRELATION
[y ONSHORE

S/ cis-1,2-DCE

177
L]
20

— :
ver '.'. .w o
TCE
cis-1,2-DCE
RIVER

© 2005, L. Gore & Associates

Site Characterization - Sediment Porewater Sampling

Tennessee Manufacturing Site
CONCLUSIONS

+ GORE™ Survey - Objective and Goals met

— Objective and goals met accurately
* Rapid, critical, accurate onshore and offshore sediment
assessment
— Regulatory assessment objectives met
— Conceptual Site Model Revised
* Localized seep of VOCs identified
= No widespread upwelling into river
— Client objective met

© 2005, L. Gore & Associates Crmative Techroopes
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Conclusions

Passive sampling is...

NEMC 2008

+ Simple + Versatile
— No mechanical parts — Soil gas
— Easy to install on- & off-shore — Subslab soil gas
— Reduced field costs — Air
- Water

+ Effective
— Low detection limits
— Accurate

— Focus further investigations

© 2005, L. Gore & Associates

Contact us:
« Jay Hodny

jhodny@wilgore.com

- Steve Wild
swild@marionenv.g

» Sediment Porewater
— Lower Duamish Waterway

19

— Tennessee River

WE THANK
Teri A. Floyd
Floyd-Snider
Seattle, WA
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Forensically Identifying Unique Sources of PCBs for a Large Sediment
Characterization Project

Rock J. Vitale, CEAC, CPC — Environmental Standards, Inc.
Bryce E. Stearns — TestAmerica, Inc.
Kirk F. Young, PE — TestAmerica, Inc.

ABSTRACT

The characterization of polychlorinated biphenyls (FCEBEs) is generally performed hased either on
Aroclor patterns or on individual congeners. For a large river sediment project adjacent to an
industrizl site that was used for the manufacture of glectrical cable during World War 11, it was
determined that residuzals from manufacturing processes were not well characterized by an
assessment of either Aroclors or PCB congeners. A method of analysis that provided
homologue characterization of polychlorinated naphthalenes (FCNs) and polychlorinated
terphenyls (PCTs) was developed and validated because of the need to definitively identify the
sources of the PCBs. The characterization of PCBs by homologue group is not 2 new concept;
of particular interest in this sediment characterization project, however, was the inclusion of
PCTs and PCNs for source characterization.

INTRODUCTION

The characterization of PCBs has been historically performed based on matching the retention
times of Aroclor patterns; it is becoming routing to characterize PCBs as their individual

209 congeners. Many environmental professionals tend to think of PCB Aroclors {e.g.,
Araclor-1248, Aroclor-1254) as formulations that were manufactured under very rigorous
specifications. A number of manufacturing processes, however, produced andfor used PCB
mixtures that do not conform well to an assessment based on Aroclor pattems. Furthermaore,
certain manufactured products cannot be properly characterized (in environmental samples)
even with an assessment of FCB congeners. Manufaciured mixiures contain a variety of other
compounds, including polychlorinated naphthalenes (PCHNs) and polychlorinated terphenyls
(PCTs), that are not typically examined as part of current analyte lists.

The farmer Anaconda Wire and Cable Company site in Hastings-on-Hudson, Mew York,
provides an interesting case study. Between 1919 and 1977, the site was owned and operated
by the Anaconda Wire and Cable Company (AWCC) for the manufacture of copper wirg, lead
shielded cable, high-voltage cable, and insulated wire. Beginning in the late 1930s, various
PCEB mixtures were used fo saturate paper and ashestos-wrapped cable before the outer
sheathing was applied. With the advent of World War I, the resources of key industries were
applied to the war effort, resulting in two operators of the site. The objectives of the war-time
operator were very specific relative to the production of cable for ship building at the Brooklyn
Shipyard. The materials specifications for fireproof coatings changed, and the war-time
operations at the site interactively worked with Monsanto in Anniston, Alabama, to design new
insulation materials. These materials were specially synthesized mixtures of PCBs that were
admixed with PCTs {in the form of Aroclor-5460) and PCMs (based on data that were
generated), although the latter may have been an artifact of production.

NEMC 2008
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- Page 2

TALE OF TWO SAMPLES

This section presents a “tale” of two samples that were collected at the site - each provided
information as to its arigin and the associated manufacturing process. The samples were
originally analyzed in arder to characterize the PCE constituents, and the analytical work was
performed as many routine environmental investigations for which the investigators requested
PCBs (as Aroclors) by GC/ECD analysis.

The two chromatographic views provided reflect what might typically be presented by a
lahoratory operation that is mindful of acquisition times and of maximizing the number of
acquisitions in performing a routing Aroclor PCE analysis. These views reflect an acquisition of
data that ends shortly after the elution of decachlorobiphenyl, which is the last eluting PCEB
congener (and also the PCB surrogate specified in Method 8082). The chromatogram of the
first sample, identified as sample D-03, reflects PCB constituents that are well represented as a
reasonably identified Aroclor-1260 pattern.

Figure 1. GC chromatogram of sample D-03 {reasonably identified Aroclor-1260 pattern)

(EETD D00 oy

Lo

The chromatogram of the second sample, identified as sample C-03, reflects PCE constituents
that do not match an Aroclor-1260 pattern. Specifically, there is a high-end distortion of the
Aroclor-1260 pattern and a number of later eluting constituents.

vipresentationsirvitaletfinahZ008nemcfullpaper.doc
NEMC 2008
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Figure 2. GC chromatogram of sample C-03 (high-end distortion of Aroclor-1260 with later
eluting constituents)

Saarm e T-003
Srooclar 1280

|

In the Record of Decision for the site, the New York Department of Environmental Conservation
(NY'S DEC) made specific note of the fact that “the PCE mixture used at the site had a different
chemical fingerprint” from routinely observed PCE Aroclors. As a result, sediment impacts
attributable to the site can be distinguished from impacts originating upstream.” NYS DEC used
the distinctly different chromatographic pattern of the PCBs, as characteristically represented in
Figure 2, as the primary discriminator in its assessment relative to the origin of contamination in
the local river system.

It is interesting to note that although it was known that the PCB mixtures used were unigue in
their formulation and that the NY'S DEC used this fact as the discriminator, all references in the
Record of Decision are to Aroclor-1260. These references indicate that the analytical work
associated with the assessment had been performed in the context of routing analytical
services, without the inclusion of either Aroclor-1262 or Aroclor-1262 in instrument calibration or
in the analytical design.

Samples C-03 and D-03 were select samples from a site-wide sampling effort that primarily
targeted sediments from drains within the system of buildings and wipes from walls and floors
within the on-site buildings themselves. Sample C-03 represented a sample type that had
considerable interest for the investigators, given what was known about the production aspect of
the war-time operator. Of particular interest was the identification and characterization of
halogenated constituents that were eluting well after decachlorobiphenyl.

With this knowledge and a review of the formulation records of the war-time operator, the
investigators suspected the presence of PCTs as the later-eluting halogenated constituents in
sample C-03 and helieved that the responses in the later region of the chromatogram were
evidence of that fact. The project laboratory secured a PCT analytical standard {Aroclor-5460)
and evaluated the chromatogram produced from the analysis of that standard against the
chromatograms from the analysis of sampla C-03 and from the analysis of other samples in the
sampling initiative.

Additionally, the project laboratory secured other analylical FCT standards (viz., Aroclor-5432

and Aroclor-5442) and chromatographed those standards in order to more fully understand the
characteristics of each of the common PCT Aroclors.

vigresentationsirvitaletfinalZ008nemcfullpaper.doc
NEMC 2008
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The GC/ECD analysis was sufficient to provide for the initial assessment; however, there was a
need for a definitive analysis that that would generate defensible differentiating data in
accordance with the project team’s objectives.

With these abjectives in mind, the project laboratory moved the analytical design to a GC/MS
form of analysis in order to take advantage of the dimensionality of the mass detector and more
importantly to definitely differentiate PCT mass ions from PCE mass ions. The developed PCT
method provided for a low-resolution GC/MS (SIM) analysis that included a quantitative
characterization of total PCBs by chlorination level and a quantitative characterization of total
PCTs by Aroclor.

Later in the investigative process, the question was raised as to whether polychlorinated
naphthalenes (FCHs) were present as constituents of samples that were collected from the site.
The project laboratory revisited the full-scan GC/MS acquisitions from the method development
work in order to provide a preliminary assessment relative to the gualitative presence of PCNs.

CONCLUSIONS

Although there was agreement with the conclusion of the NYS DEC Decision of Record that the
site was the origin of contamination in the local river system, the investigative evaluation
performed was critical to definitively link the contamination to the war-time operation. Specifically,
the presence of Aroclor-1280 indicated a possible relationship to the operation of the facility in the
pre-war operation of the facility; the presence of PCTs and PCHs in association with a highly
chlorinated mixture of FCEBs indicated a possible relationship to the war-time operation of the
facility that continued into the post-war period.

This forensic evaluation could have significant relevance to other industrial sites or other
situations when “weathered” FCBs are observed and there are muliiple potentially responsible
parties. The logic could be applied to define the timelines of industrial use at a particular site
involving different operators, different operations, and different manufactured products in the
characterization of land-based contaminants or sediment contamination in local river systems.

With regard to aspects of site remediation work, the more that is known about a facility's original
operations, the products used, and the products manufactured, the hetter the assessment of the
source of the pollutants from a liahility perspective that can be made. Although PCB
characterization alone may currently provide adequate information for decisions relative to
disposal, the associated presence of PCTs and PCNs in high concentrations may represent an
unknown, but very real, future liability.

The conclusions of the project team’s case study are presented below.

+« Do not approach PCB contamination issues without considering the possibility of
additional chlorinated contaminants.

+ Thoroughly research site history and be prepared o explore options to differentiate historic
use because different industrial processes use PCBs, PCTs, and PCNs in varied ways
and, potentially, in vared combinations.

+« Research the constituents at issue and think more broadly than PCBs in the context of
Aroclors or in the context of congeners.

vipresentationsirvitale\final2008nemcfullpaper.doc
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Be mindful of the analytical design and the need for definitive and defensible data.

When approaching an investigation for which FCBs are likely to drive remediation,
investigators should he cognizant of the following:

Routine analytical services for GC/ECD PCEB characterization may not provide a
characterization of the maore highly chlorinated PCB Aroclors (Aroclor-1262 and
Aroclor-1268).

Routine analytical services for GC/ECD PCB characterization may not provide sufficiently
for @ consideration of the possible presence of PCTs given the need for a longer data
acquisition time.

Routine analytical services for GC/ECD PCE characterization will not provide for earlier
eluting PCTs, even though the elution of these PCTS would be consistent with the elution
of the PCB constituents; the same is true for PCHNs.

Specialized analytical services hased on GC/ECD technology may not serve well as a
definitive approach in evaluating complex mixtures. Low-resolution GC/MS technology
allows for definitive qualitative assessments and provides a sound basis for a quantitative
analysis and sensitivity that approximates that of GC/ECD (in selective ion monitoring
mode).

Instrument responses to Aroclor PCTs can be misleading insofar as Aroclor PCTs have a
generally lower response than Aroclor PCBs at the same concentration. A lower response
is particularly true for Aroclor-5460, which is less differentiated in its chromatographic
aspect.

vipresentationshrvitaleviinalhZ008nemcfullpaper.doc
NEMC 2008
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Forensically Identifying Unique Sources of PCBs
on a Large Sediment Characterization Project

Rock J. Vitale, CEAC, CPC
Bryce E. Stearns
Kirk F. Young, PE

TestAmerica ( Qh g\l\}\”f%l) B:{EE B'g‘

=== Overview

1. History of the Site
2. Analytical Synopsis of PCBs
3. Analytical Challenge
4. A Tale of Two Samples — D-03 and C-03
5. Initial Data Assessment
6. Other, More Halogenated Constituents?
7. GC/IMS Sample Assessment
8. Summary
9. Conclusions and Lessons Learned
IestAmenico (2 By

25




NEMC 2008

Anaconda Wire and Cable Company,
Hastings-on-Hudson, NY operated the
site from 1919 to 1977 initially by
Atlantic Richfield Company then a
war-time Operator

Manufactured copper wire, cable and
insulated wire. During the1930's PCB
Aroclors® began to be used as an
insulator for wire coating

Sediment project on the
lower Hudson River -

World War Il needs required new high Atlantic Richfield Company
temperature cable insulators and a (a BP-affiliated Company) is
new operator took over the site directing and funding the
characterization and
TestAmerica remediation et
——— (& ey

Story of the Site (Cont.)

During the World War |l operations came the introduction of new
and variable Aroclor® formulations that defined that era of
operation and created a timeline by which the source of Aroclor®
“fingerprinting” could be established

- Specific Aroclor® formulations were provided to the Site by
Monsanto Company of Anniston, Alabama

— Even today, many environmental professionals think that Aroclors®
\l;ur_eLe malmufactured under very rigorous specifications by chlorinating
ipheny!

« Aroclor® formulations used at the Site contained more than just
PCB congeners

— Many of those additional chlorinated compounds do not appear on
any of today's routine analyte lists

TestAmerica io ENVIRONMENTAL
] STANDARDS
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Blytical Synopsis of PCBs

« Site characterization is typically based on PCB
Aroclor® evaluation which is most commonly
performed (as Aroclors®) by GC/ECD

» Aroclor® are complex commercial formulations
of many individual PCB congeners (e.g.,
Aroclor 1248 has on average 48% of the
biphenyl ring chlorinated)

» Aroclor® identifications are assigned by

“pattern” matching between samples and
Aroclor® standards on a GC/ECD

TestAmerica @ MNVIRONMENTAL

STANDARDS

" Aroclor 1221 | ¥ Aroclor 1242
Standard o i j Standard
8 i
s A A [
£1"y 1 1) m 1) 17} 2 =) M (7 k1 W'\ﬂl’\-‘ﬂl
Aroclor 1221 8 l Aroclor 1242
portion of e 1 v portion of
sample s a] § v Iy sample
"
_i: TRl e
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= T > v = STANDARDS
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fale of Two Samples

* Two sample types were identified that were
found to be generally representative of the site

* Each sample was profoundly unique in its
chromatographic composition

* All samples were initially characterized using
routine PCB methodology (Method 8082)

* Many Site samples were reported to contain
PCB Aroclors

» So about those two Site samples. ..

TestAmerica @/E_\'\'I RONMENTAL
] JASTANDARDS
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. Sample D-03

(S3TD DCB)

Sample D-03
Aroclor 1260
I

(S8TD TCX) :
_-_1:?.______*._.._[., _I.___LuL.A_L WA Ilﬁ . | WL \l u e
TestAmerica @.&'ﬁ-‘,{'ﬁn‘é‘i{‘ﬁh‘_&

This good match to Aroclor 1260
was the basis for the NYSDEC
Record of Decision regarding PCBs
in river sediment and on-site ]
samples

Rrocior 1260

Utilizing Aroclor 1260 as the basis
for the contaminant identification | |
— Did not address

chromatographic variations ‘ | \ l ”h I
! 1 -
— Thought to be “weathered” PCB  #——— &t “h.?“ i‘“l h_z-.' AR

Aroclors
Where as Sample C-03.....

TestAmerica Q) INVIRONMENTAL
L STANDARDS
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ample C-03

Exhibited a more complex chromatogram

Sample ©-03

TestAmerica é ENVIRONMEN

INMENTAL
STANDARDS

. _i___émple C-03

This sample appeared to contain higher halogenated,

multi-component constituents versus Aroclor 1260
— Was it weathered PCBs or additional non-PCB components?

Smamplo C-0O8
Arociorn 1200

e Jl_ﬁ_m__J,g..kLMJa..Luhl_ku S ST S

im

TestAmerica @ ENVIRONMENTAL
STANDARDS
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. :Data Assessment

* Routine SW-846 8082 PCB analyses did not fully
represent all sample component information,
particularly later eluting constituents

* The investigation team suspected components
eluting after decachlorobiphenyl (current Method
8082 surrogate) were more highly halogenated
species

* The extended analytical runtimes provided a broader
scope of the actual sample characterization

TestAmerica
prslim LS, @/ SVTBCREREAL
STANDARDS

A better understanding of Aroclor® formulations used
for manufacturing products used for different purposes
seemed to be in order

GC/ECD analysis for Aroclor® may not be appropriate

— Environmental alteration (ex., volatilization or microbial
dechlorination) — lack of clear pattern match leads to
“inaccurate” reporting of PCB Aroclors

+ Inaccurate quantitation and qualitative identification

« There was a clear need for enhanced techniques for
assessing complex samples with improved
mechanisms for defining timelines of Aroclor® use

TestAmerica @/ NVIRONMENTAL
LATANDARDS
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g Halogenated Constituents?

« Consistent chromatographic patterns, delineated by
sample location, indicated the possible presence of
polychlorinated terphenyls (PCTs), could be used as a
discriminator for source origins

— Review of historical records indicated PCTs (and
PCNs) were used during World War Il operations

+ A GC/MS method was needed to identify and confirm the

the identification of PCT Aroclors® in samples since
GC/ECD analysis could not be considered definitive.

TestAmerica
poiladlo Lms, @/ SVTBCREREAL
STANDARDS

S Sample Assessment

* GC/MS analysis was introduced in order to provide
definitive information on the sample composition,
elution ranges, relative chlorination percentages (for
Aroclor® identification), and positive identification
(and differentiation) of PCBs, PCTs (and
subsequently PCNs)

* The analytical methods included full scan sample
acquisition for identification purposes and selective
ion monitoring (SIM) acquisition based on the desired
sensitivity and selectivity

TestAmerica @/ NVIRONMENTAL
LATANDARDS
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S Sample Assessment

+ Look how easily PCT Aroclor 5432 (red) in a sample could have been
misidentified as “weathered” PCB 1260 (blue) if this was just GC/ECD

PCB Aroclor 1260 400ng/mbL
FCT Aroclor 5432 400ng/fmbL

—_— W:..-_le_njih . . e
TestAmerica NVIRO

@®

Ef INMENTAL
STANDARDS

» Extracted lon profile information for sample C-03
demonstrates typical compositions of those types of
samples containing PCBs, PCTs (and PCNs)

M
= S Falldl lUl_,l_, |t

- I VIR ENTA
TestAmerica @; STANDARDS
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_ Sample Assessment

« Lower level PCTs were evaluated to determine their
potential for co-elution with PCB patterns, particularly
those of PCB Aroclor 1262 and 1268

rom s 1200

i i A lthh:l i o5

B Y
T T I O UV

ENVIRONMENTAL
JSTANDARDS

TestAmerica @

+ Mass spectral profiles help define elution ranges for the PCBs
and PCT patterns encountered in Site samples.

+ These evaluations confirmed PCT Aroclor 5460 as the primary
PCT constituent in samples collected from certain Site locations

Dampie D03
Araatar TEnn
Arocior B0

!

TestAmerica (2 SRS
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) Sample Assessment

» GC/MS full scan analysis was also used for
evaluation of site samples for the presence of
PCNs which seemed to mirror those samples
that contained PCTs.

» Extracted ion current profiles (EICPs) and
comparison to mass spectral libraries
provided sufficient mass spectral confirmation
for PCNs in those site samples that contained
PCTs

TestAmerica @/ NVIRONMENTAL
LATANDARDS

« Characterization of Aroclor 5460 as the primary PCT
constituent in select Site samples, in addition to the
closely matching PCB patterns of Aroclor 1262 and
1268, helped fingerprint those areas of the Site that
contained material specific to operations during World
War Il.

* GC/MS evaluation of samples allowed the investigative
team to confirm both, the component species, and
concentrations, with a higher degree of confidence than
that could be derived from GC/ECD analysis alone.

TestAmerica @/ NVIRONMENTAL
LATANDARDS
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ns and Lessons Learned

* An in-depth review of site (and adjacent site) history
(including those who operated the site over time) is
critical for proper source identification and the
timeline during which contaminants were released

+ It is important to recognize the possibility of additional
sample constituents that are not on typical analytical
lists

 Itis important to critically evaluate and recognize
atypical chromatographic patterns — sometimes it's
not just PCB weathering

« When there are questions of source contribution it is
appropriate to apply alternative analytical techniques

TestAmerica io ENVIRONMENTAL
] STANDARDS

Thank You

Rock J. Vitale, CEAC, CPC
Valley Forge, PA
www.EnvStd.com

RVitale@EnvStd.com
610-935-5577

Bryce E. Stearn
Burlington, VT
www.testamericainc.com
Bryce. Stearn@testamericainc.com
802-660-1990

Kirk F. Young, PE
Burlington, VT
www.testamericainc.com
Kirk. Young@testamericainc.com
802-660-1990
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TestAmerica @sxmrcl}mms

36




NEMC 2008

Interlaboratory Comparison Study of Measurement of
Polvchlorinated Biphenyl (PCB) Congeners from Sediment
Samples with High Resolution (HRMS) and Low Resolution
Mass Spectrometry (LRMS)

Jaana M.H. Pietari: Exponent Inc., 15375 SE 30% Place, Bellevue, WA 08007
Wayne J. Whipple; US. Environmental Protection Agency. Region 5 Chicago Femonal
Laboratory, 536 S. Clark 5t Chicago. IL 60605; 312-353-2063; whipple wayne@epa.gov

ABSTRACT

We designed an mter-laboratory comparison study to mvestigate the applicablity of
performance-based measurements for PCB congener analysis from sediments. We developed a
method for PCB congener analysis emploving low resolution mass spectrometry (LEMS) using
two different ionization techniques. Electron mmpact (EI) ionization appeared to be more suitable
for the measurement of Total PCBs as homologue groups, while negative chemical jonization
(NCI) with methane as reagent gas would be suitable to measure dioxin-like PCB congeners
from sediment samples. For the inter-laboratory study, we extracted sediment samples
contaming low, medinm and high levels of PCBs. and shipped homogenized extracts for the
analysis of select PCB congeners and’'or Total PCBs to 10 participating government. acadenue
and commercial laboratories. The laboratories analyzed the samples using either high resolution
mass spectrometry (HEMS) or LEMS according to their own standard operating procedures
(S0Ps).

INTRODUCTION

The measurement of polychlormated biphenyls (PCBs) 15 still a challenge for the analytical
chemist. Despite being banned in the msd-1970s, PCBs are still part of many sediment cleanup
projects. The successes of these projects largely depend on the chemical characterization of the
contaminated sediments. Currently, the most widely used analytical tool for measuring PCBs is
the Arcclor analysis (EPA Method BOB2; 1), where the PCB congener profile of the sample 15
compared to that of a comumercial Aroclor standard. The Aroclor measurement does not account
for the potential changes in the PCB congener distribution profile resulting from envirenmental
processes such as microbial de gradation. transport and uptake mto aquatic organisms. Moreover,
Aroclor analysis does not allow the measurement of dioxin-like PCB congeners, which would
aid risk assessment. A current state-of-art method, PCB congener analysis with high resolution
gas chromatography (HREGC) combined with HEMS (EPA Method 1668; 2), provides more
accurate and realistic analvsis of the amount of PCBs in environmental samples i addition to the
measurement of dioxin-like PCB congeners. The drawback of this method is that if 15 costly
TequInng expensive instmumentation, standards and maimntenance. Further, the HRWMS
mstrments are not necessarily widely available in EPA laboratories.

PCB congener methods emploving cheaper and more widely available LEMS with different
tonization techniques may allow for comparable data under certain conditions. LEMS has been
vsed to quantify PCB congeners as homologue groups (3); howewver, it is not often used to

NEMC 2005 i
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quantify mdividual PCB congeners. Moreover, there 1s little information available on the
comparability and interchangeability of PCB congener methods between LEMS and HREMS.

The use of performance-based measurements allows a greater flexibility for the analytical
laboratory and the project planner to select the most appropriate analytical method in terms of
cost and efficiency. and to urilize the most current technology to meet project specific data
quality objectives. Therefore, the objective of our study was to develop a method for PCB
congener analysis with LEMS emploving different ionization methods, namely electron impact
tonization (EI) and negative chemical ionization (NCT) using methane reagent gas. In addition,
we conducted an mter-laboratory comparison study in partnership with 10 academic, commercial
and government laboratories to demonstrate the applicability of performance-based
measurements for PCB congener analysis. This presentation will discuss a study that was
planned to investigate the applicability of performance-based measurements for the analysis of
PCBs from sediment samples. Specifically, we will discuss the method development for PCB
congener analysis utilizing LEMS, and the mter-laboratory study design and implementation,
which compares PCB congener analyses with LEMS methods and HEMS.

MATERIALS AND METHODS

Chemicals

A PCB standard mixture containmg 28 mdividual PCB congeners ranging from di- to
decachlormated PCB congeners was obtained from Accustandard (Wew Haven, CT). This
standard included 12 dioxin-like congeners and several congeners considered to be more
prevalent in the environment. A custom PCB mixture containing four congeners used as
surrogates was also obtained from Accustandard. Internal standards consisting of C labeled
PCE congeners were obtained from Wellington Laboratories (Guelph, OIN). Standard Reference
Material (SEM) 19410 was obtained as a gift from NIST.

GC/MS Method

We developed a method for PCB congener analysis utilizing Amlent GC 6890 with a MS 5973
mass spectrometer (Santa Clara, CA) with capability of EI and NCT iontzation. The GC/MS was
equipped with 2 Combi Pal (CTC Analytics, Zwingen, Switzerland) autosampler and an OPTIC
3 Large volume mjector (LVI; Atas GL Infemational, Veldhoven, Wetherlands). PCB congeners
were separated i a DB-XLB (Agilent) 30m x 0.18 mm columm with a 0.18 pm film thickness.

A volume of 50 uL of sample or standard dissolved in iso-octane was injected into the LVI,
whose initial temperature was 60 °C. The excess solvent was evaporated during approximately 3
min tune peried, after which the injector was heated to 300 °C and the target analytes were
desorbed and mjected mto the GC colurmn. The carrier gas was helivm with a flow rate of 1
ml/min. The mitial GC oven temperature was 50 *C and was held for 2 min after mjection. The
temperature was increased with a rate of 30 °C/min to 120 °C after which the temperature was
mereased with a rate of 1.2 "C/min up to 253 °C. To bake off the column, the temperature was
frther mereased with a rate of 30 °C/min to 340 °C where it was held for 3 min. The length of
the program was 121 min, and the program was optimized to resolve most of the 28 target PCB
CONZRNErs.

NEMC 2008 2
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Sediment Sample Extraction for Inter-Laboratory Study

Samples for the mnter-laboratory comparison study contamed 10 samples: method blank (MB),
low level laboratory control sample (LLCS), laboratory control sample (LCS), LCS duplicate,
matrx spike (MS). M5 duplicate, standard reference material (SEM), low PCB sample, medimum
PCB sample and ugh PCB sample. An aliquot of 20 g of homogenized sediment sample was
mixed with hydromatrix and extracted with pressurized fluid extraction with ASE 300 (Dionex,
Sunnwale CA)using 11 hexane:acetone. All samples were spiked with PCE surrogates and
1668 *C extractable internal standards prior to extraction. MSMSD, LLCS, LOCSLCSD were
also spiked with target PCB congeners. After extraction, water was removed by pipetting and by
addition of baked MNa>504, and the extracts were pre-concentrated to 10 ml with Turbo-Vap LV
{Zymark Corp.. Hopkinton, MA). A total of six sets of 10 samples were extracted. Extracts for
same sample were combined, homogenized and concentrated to a final total volume of 48 mL.
Aliquots of 4 mL of the homogenized extracts were sent to participating laboratories for analysis
according to their own 50Ps. The mstrumentation meluded four HRMS mstruments and eight
LEMS mstruments employing different ionization technigues.

RESULTS

PCB Congener Method Development

El resulted m a fairly uniform overall response for all of the 28 target congeners. An even
response within a homelogue group 1s essential for the measurement of total PCBs with the
homelogue method, as the calibration is often based on a response from a single representative
peak within a homologue group. The calibration range of the method was from 2 ng'ml to 500
ng'ml {100 pg to 25 ng on column) with a linear calibration model. A reporting linmt (EL) of 10
ng/'ml was set for the sediment samples. The spectra of the sample peaks showed significant
fragmentation showing a loss of one or more chlorine atoms from the parent molecule. An
analysis of a spiked sediment sample indscated that other organic compounds typically present in
the sediments interfered with the analysis.

INCT resulted in an uneven response among the different PCB congeners, with the highest
chlornated congeners exhibiting highest response. The spectra of the lowest chlonnated
congeners, typically the di- and tri-PCBs, did not show the presence of the parent ion. Instead,
the Cl-ion signature was the dominant ion in the spectra with significantly reduced sensitivity.

As PC internal standards were included in the samples. the di- and trichlorinated-PCBs were not
reliably quantified. All the dioxin-like PCB congeners were quantified with their molecular 1ons.
The calibration range of the NCI was similar to that of the EI ranging from 2 ng'ml to 500
ng'ml. The calibration model that fit the calibration data the best was quadratic. With
optimizing the emission current from the instrument default value of 49 pA to 125 pA. the
sensitivity of the mstrument mcreased significantly. At low emission cwrent, fragmentation of
the target analytes was munimal; however, fragmentation increased with the increased enussion
current. Analysis of the spiked sediment extracts mndicated that the interferences from the
sample matrix were greatly reduced compared to PCB congener analysis with EL

NEMC 2008 3
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Inter-Laboratory Study

In order to investigate the mterchangeability and comparability of PCE analysis between HEMS
and LEMS, we conducted an inter-laboratory comparisen study in partnership with 10 academic,
commercial and government laboratories. In this study, laboratories usmg either HEMS or
LEMS with different ionization techniques analyzed the same sediment extracts along with
quality control samples for 28 PCB congeners that mcluded the dioxin-like congeners and/or
total PCBs using their own SOPs. Three sediment samples from Ashtabula River that were
previously analvzed and expected to contain approximately 0.02, 1 or 10 pg'g of total PCBs
along with quality control samples were extracted at Region 5 Chicago Regional Laboratory
using pressurized fluid extraction. The extracts were homogenized, pre-concentrated and
divided into 4 ml aliquots and were sent to the participating laboratories for the analysis of the 28
target PCB congeners and/or Total PCBs.

CONCLUSIONS

Both iomzation methods, WCT and EI, resulted in a reproducible detection of target PCB
congeners from both clean matrices and sediment samples. EL for both methods was set to 10
ngEg Elresulted m an even response within a homologue group, thus making this ionization
method swtable for total PCB analysis as homologne groups. NCI resulted i an uneven
wonization; however, all the dioxm-like PCB congeners were reliably quantified using their
parent ions. NCT also minimized the matrx interferences in sediment samples. With less
mterferences making the data analysis simpler and more confident. NCT could be potentially
vsed to quantify the dioxin-like PCB congeners from sediment samples.
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Inter-Laboratory Comparison Study of
Measurement of Polychlorinated Biphenyl
(PCB) Congeners from Sediment Samples
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Chicago, IL
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*Current Address: Exponent, Bellevue, WA

Objectives

J Varlety of determinative techniques are
applicable for PCB analysis

» Performance-based methods work
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PCB Congener Method Development
with LRMS

Inter-Laboratory Comparison Project

PCB Congener Method Development
with LRMS

Inter-Laboratory Comparison Project
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Current Toolbox for PCB Analysis

PCB Congener
HRGC/HRMS
EPA 1668A

Vern/ Expensive
Mare Specific

Linmited
Avalability

Aroclor® Analysis
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Current Toolbox for PCB Analysis

PCB Congener Aroclor®
HRGC/HRMS GC/ECD
EPA 1668A EPA 8082

Vern/ Expensive Eess EXpEnsive
Mare Specific lfess Specific

Linmited viidespread
Availability

Current Toolbox for PCB Analysis

POE Conganss HRGC/LRS Aroclor®
HRGG/HRIS Electionimpact Iomization GC/ECD

EPA 1668A NECatvEShEmEalNoRZation EPA 8082

l

Vern/ Expensive Expensive Less Expensive
Viere Specific Specific Less Specific

Birmited Viidespread Widespread
Availability
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PCB Congener Analysis with LRMS

J Target 28 PCB congeners
— Di toideca
— WHO Dioxin-like
— Most of EPA Green Book

« Different ionization techniques
— Electron impact (El)
— Negative chemical ionization (NCI)

Sam ple Preparation

J Pressurlzed fluid extraction
— 1:1 Hexane:acetone
« GPC cleanup
— Sulfur and higher MW molecules
= Acidified silica gel
— Organics
* Final concentration to 1 mli
]

— Add 3C-PCB internal standards (5)
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Spectrum of PCB 123
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Sediment Matrix Spike 100 ng/mL
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Method Development Summary

« PCB congeners with LRMS

— Applicable to samples with high
concentrations

» RL 1.0 pgikg

« Different ionization techniques — different
applications

— El — Total PCBs with homologue
— NClI - WHO congeners

PCB Congener Method Development
with LRMS

Inter-Laboratory Comparison Project
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Prolect Organization

J PrOJect lead: R5 CRL

* In collaboration with:
— Michele Schantz, NIST
— Pamela Hamlett, Texas Parks and Wildlife
— Gregory Santacroce, EPA R2
— Stevie Wilding, EPA R3
— Dennis Revell, EPA R4
— David Spencer, EPA R6
— Mark Murphy, EPA R8
— James O’Keefe, Grand Valley State University
— Thomas McDonald, B&B Laboratories
— David Thal, TestAmerica

Project Organization

- Additional support
— Marc Mills, EPA ORD
— Brian Schumacher, EPA ORD
— David Munch, EPA OW
— Brian Englert, EPA OW

» Materials
— Standards: R5 CRL

]

— Sediment Samples: ORD and B&B
Laboratories

— Sediment Reference Material: NIST
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Project Plan

Project Plan

* Three sediment
samples

— Low PCB < 0.1 ppm

— Medium PCB= 1 ppm

— HighiPCB >10/ppm
Quality control
samples

— Method Blank (MB)

Eovw-ltevelllLaboratony
controllsample (LLCS)

LCS/LCSD
MS/MSD

Standand Beference
Material (SRIV)
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Extraction with ASE 300
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Homogenized Extracts

Project Plan

Laboratories, Own SOPs
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Project Plan

« Target analytes
— 28 PCB congeners, and/or

— Total PCBs with a homologue analysis

« Variety of Instrumentation
— HRGC/HRMS (4)

— HRGC/LRMS (7)
« NCI
> El
sslonitrapMsiiS

Preliminary Results

LCS/LCSD
MSIMSD
SRM
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Conclusions

J Based on limited data analysis of QC
sample results
— Accuracy and precision within acceptable
limits
— Performance-based methods work!

* Next steps

— Full data analysis
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Analyzing Historical and Emerging Halogenated Flame
Retardants in the Sediment of the Great Lakes

Hua Wei and An Li
School of Public Health, University of Illinods at Chicago

ABSTRACT

Laberatory procedures are developed for the quantitative analysis of 12 halogenated flame
retardants (XFRs) in lake sediment samples. Method development is based cn the
modification and renovation of standard methods for other halogenated orgame pollutants
such as PCBs and PEDE:. The procedure includes Soxhlet extraction. mmlti-laver silica gel
chromatographic cleanup. and instrumental analysis using programmable temperature
vaporization (PTV) large volume injection on high resolution gas chromatography (HRGC)
coupled with low resclution mass spectrometry (LEMS). Sediment cores were collected
from 16 open-water locations of the Great Lakes. The cores were sectioned and each
segment will be analyzed for the concentrations of selected XFRs. in order to investigate the
spatial distribution and input chronology of these chemieals in the Great Lakes region.

INTRODUCTION

Vast majortty of the approximately 30,000 chemical substances cumently in wide
cominercial applications (>l tomnes per year) have never been investigated for their
presence and behavior in the environment [1]. Among these are various halogenated flame
retardants (XFRs), which are added to the materials of consumer goods to prevent
accidental fire from fast spreading Due to their widespread uses, these compounds have
rapidly accumulated in the envircnment.

In this work, 12 halogenated flame retardants (XFEs) were selected. They are dechlorane
plus (DF), decabromediphenylethane (DEDPE), pentabromoethylbenzene (PBEB), 1.3.5-
tribromobenzene (TEB). 2-Bis(2 4 é-tribromephencxy)ethane (TBE)., hexabromobenzene
(HEB). pentabromotoluene (PBT), pentabromobenzy] acrylate (PEBA), pentabromobenzyl
bromide (PEBE). pentabromochlorocyclohexane (PECCH). tetrabromo-c-chlorotoluene
(TBCT), and 2,27 4.4° 3 5" hexabromebiphenyl (BB1533). Their chemical struchares are
shown in Table 1. Some of these XFEs are on the EPA's High Production Volume (HEPV)
chemical list [2]; and some are regulated under the Toxic Substances Control Act. However,
available information on their environmental level, distribution. and time trend is wvery
limited.

More than often, the concenfrations of these XFEs in environmental matrices are at trace
levels, ie. less than parts-per-billien (ppb) or even parts-per-trillion (ppt). Therefore,
reliable laboratory procedures for sample freatment and a sensttive instrumental protocol are
essential for the reliable detection and quantification of PBDEs. Challenges also arise from
the lacks of standard methods and published reference papers. as well as the unavailability
of the research purity chemical standards for some of the targeted analytes.

The objective of this work is to develop laboratory procedures and optimize instrumental
conditions for the selected XFE analytes. The results of this work will be applied to the

analyses of sediment samples collected from the Great Lakes, as well as other
environmental samples.

NEMC 2008

59




NEMC 2008

Table 1. Halogenated Flame Fetardants (XFEs) Analyzed in this Wotl

Abbr'n Chemical Name MW Structure
o, P o F
Dechlorane plus - S
syn-DP {svn sterenisomer) 634 ‘ [ "';'/LT;; -
: Dechlorane plus - o r'1':' -y v
anti-DP {anti sterecisomer) 634 "*.r]' ""'J""'b‘;f"
e ©
DEDPE Decabromodiphenylethans 072 L Y n
B B
PR
- 2274455 - T~
BBI33 hexabromobiphenyl 628 Ty B
b E
Bro . Br .
1,2-Bis(2.4.6- | !
TEE tribromoghencxy)et 638 : o e P
B
Ex
E""-._.—-'f.-_._.--':.".
PEE Pentabromoethylbenzene 300
=
TEEB 1.3, 5-Trbromobenzene 315 /&
Hr Br
(=]
Er Er
HEE hexabremobenzene 352 @
B By
=9
Br ar
PBT pentabromotoluens 487 L0
B "‘-'»-r' L]
Br
Lir L]
o Br.__ ey .._\_\SDCH:
PBEA pentabromobenzyl actylate 357 f? ’
B “Bir
B r‘“‘“ﬁ
PEEB pentabromobenzy] bromide 523 ]':E[[
L L]
o Er
PRCCH Peutahmmnch.l_c:mr_-;c]c-hexaﬂf 514 . _E&S_&
(zeveral sterecisomers) —
B
GHy
& &
TEBCT tetrabromo-o-chlorotoluene 443
Br Er
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EXPERIMENTAL METHODS

Chemicals

The two individual DP 1scmers were purchased from Cambridge Isotope Laboratories. PEB was
purchased from Wellington Laboratonies. DEDPE. TBE, TEE, HEB, FET. PEEA, PEEE,
PBCCH and TBCT were purchased from AccuStandard. Silica gel (100 — 200 mesh Davisil
Grade 644) was purchased from Fisher Scientific. Hexane, dichloromethane and acetone were
GC grade.

Sampling

Sediment szampling on all five
Great Lakes was conducted from
Aungust 1 to 25, 2007 using a box
corer deployed from the EPA
RV Lake Guardian. A total of 16
sites were cheosen (Figure 1),
mclhuding 14 used in our previous
work [3-6). and two new sites
(LM27 and ON19). Al sites
except SU22 are in depositional
zones where chemical input 1s
dominated by atmospheric
deposition. The box corer was
deployed from the deck and used
to colleet a3 bulk  sediment Figure 1. Great Lakes sampling locations, August 2007
sample, which was then sub-

cored on deck with four polycarbonate tubes (7.0 cm LD The sub-cored samples were then
stored in the freezer room of the ship. They were transported to the laboratory in mid September
2007, and kept 10 a laboratory freezer.

All the cores were sectioned using a Torrey Model ST-295 PE electric saw. The saw blade was
cnly 0.022" thick so that the material loss during the cutting was minimized. The frozen cores
were extruded and sectioned at 0.5 or 1.0 cm intervals for the first 10 cm. then m 5 cm
increments for the remainder of the core. The cutting was operated in a freezer room with the
temperature kept at -20 °C to avoid the melting of the cores. The slices with cotresponding depth
from the same site were composited info a pre-cleaned amber glass jar with PTFE lined lid, and
have been kept in a freezer. A total of 222 samples are obtained from the 16 cores.

The procedure desciibed above eliminates the "smear" along the wall of the subcoring
polycarbonate tube, winch may occur if the fresh cores were extruded and sectioned onboard of

the sampling ship immediately after sub-cote collection. We expect that the current procedure
will improve the accwracy in chrenclogical trend determination.
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Sample Pretreatment

The sample pretreatment procedure used in this work is similar to that wsed in our previous
project on polybrominated diphenyl ethers (PEDEs) and polychlorinated biphenyls (PCBs) [4-6].

Arvound 1 g aliquot of the same wet sample was weighed on tared, clean single-use aluminnm
trays and dried (60 °C, 438 h). Wet bulk density was determined as a ratio of the wet weight to the
sample volume. After being dried, samples were reweighed, and the diy sediment mass, percent
moisture, porosity, and percent solids were caleulated. The organic content were measured by the
loss cn ignition (LOT) at 550 °C for about 5 lus in a nuffle fivnace.

The samples were thawed and homogenized before treatment. About 20 g of wet sample was
taken air-dried and ground with sufficient anhydrous sodimm sulfate, aud then transferred to
Whatman cellulose thimbles. The known amounts of swrogates of “C-labled BDE209 and
PCB205L were spiked on the top of the sample. The spiked samples and method blank (silica gel
plus anhydrous sodium sulfate as the matrix) were Soxhlet-extracted for 20 howrs with 150 mL
of 1:1(v) hexane-acetone solvent mixtwre. Elemental sulfur was removed by adding activated
gramular copper (Aldrich, Milwankee, WI) to the Soxhlet flask during the extraction. The
extracts were then concentrated on EKuderna-Danish (E-DV) concentrators, solvent-exchanged to
hexane, and subjected to a silica gel chromategraphic cleanup procedure.

Sthica gel was rinsed with dichloromethane. balked at 140 *C overnight in the oven cooled in a
desiceator, and stored in a precleaned glass bottle with screw-cap that prevents meistuse from
entering. Acid silica gel (30% wiw) was made by thoroughly mixing 40 g of concentrated
sulfuric acid with 100 g of activated zilica gel in a clean container. Basic silica gel was made by
thoroughly mixing 30 g of 1N sodivm hydromide with 100 g of activated silica gel in a clean
container.

The glass columns (30 em = 1.1 cm ID) were pre-cleaned by acetone, dichloromethane and then
filled with hexane. The multi-layer silica gel column was packed from bottom to top with glass
wool, 2 g granular anhydrous sodium sulfate, 1 g newtral silica gel, 2 g basic silica gel, 1 g
neutral silica gel. 4 g acidic silica gel, 1 g neutral silica gel. and 2 g gramular anbydrons sodium
sulfate. The acidic silica gel column was packed from bottom to top with 2 g granular anhydrons
sodium sulfate, 4 g neutral silica gel, 4 g acidic silica gel, 1 g newtral silica gel, and 2 g granular
sodinm sulfate. After pre-eluting with 30 ml of hexane 2 ml of an XFE. sclution was loaded
using a transferring pipette. Then eluting solvent was added and the eluate collected. The flow
rate was controlled at 1-2 drops per second using the column stopeock. The elutes were again
concentrated on the K-D concentrators to about § mL. followed by gentle N2 blowdown to less
than 2 ml. The solutions were then transferred to 2 ml velumetric flasks to make exact 2 mL
solution by rinsing the inside of the K-D tubes with hexane.

Instrumental Analyses

The Agilent Model 62800 gas clwomatograph (GC) coupled with Model 5073 electron capture

negative chemical ionization mass spectrometer (ECNI-MS) detector was used in this study. A

DB-3MS (15 m = 025 mum i.d, 0.25 pm film thickmess; J&W Scientific) capillary column was
4
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used for the separation with helinm as the carrier gas. Each sample in hexane was introduced into
a progranmunable temperature evaporation (PTV) inlet operated in the solvent vent mode with the
pressure of 135 psi and initial inlet temperature of 0 °C (holding for 1.5 mun). A total of §0 pL
was injected with three injections of 20 pL each and 10 = intervals in between. Then the PTV
mnlet increased from 40 to 300 *C at S00°C/mun. The column was kept at the constant flow of 1.5
ml/mun from 1.4 mun. The initial oven temperature was 90 °C, which lasted for 3 min, and then
increased to 140 *C at 10° C/'min and further to 300 °C at 3 *C /mun. The final temperatire was
kept for 15 min until the run was completed. The GC/MS interface temperature 1s 280 *C. The
mass flow contreller of the reagent gas CHy was set to 40%. The temperatures of ion source and
gquadrapole were 130 and 106 °C, separately.

RESULTS AND DISCUSSION

Silica Gel Elution Fractionation

The elution pattern of the XFR mixture was investigated by sequentially collecting 10 ml of the
eluate from each of the silica gel columns. Tweo different eluting solvents. hexane and mixture of
hexane:dichloromethane (1:1 viv), were used and resulted in different fractionation patterns.
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Fizure 1. XFER fractions eluted from the mmlti-laver silica gel column using
(a) hexane and (b) mixtwre of hexane and dichloromethane (1:1 v,
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With hexane as the eluant, TBE, TBCT, PET, PEEE. PEB and HEB were completely eluted in
the first 30 mL (Figure 1-z), with majority eluted in the 3 10 mL. Syn- and anti- DP isomers
were eluated mmul}f in the 4% 10 mL Syn-DP was eluated earlier than anti-DP and the eluation
order 15 the same as that from the GC colunmn reflecting the difference in polarity between the
two isemers. The elution curves of the DP isomers are more spread than other compounds. For
TBE. it was not eluted until the 147 10 mL of hexane was collected. This may be the result of its
stronger interaction with the silica gel, due to the two oxygen atoms between the biphenyl rings
in the TBE molecule.

Using the mixtuwre of hexane and dichloromethane, all targeted XFRs except PBBA were eluted
with 40 1.1:|.T_ of the eluant (Figure 1-b). With a high molecular polarity, PEBA did not elute until
after the 9% 10 mL of the hexane:dichloromethane mixture. It may be completely eluted vsing a
polar solvent; however, this may cause the co-elution of variouns wwanted polar substances in
sediment extract.

GC Separation and MS Identification

The GC retention times as well as the m'z values of the major and miner ions of XFRs are
snnumarized in Table 2. The total ion clromatogram (TIC) of selected XFRs is shown in Figuee
2, against that of polybrominated biphenyl ethers (PEDEs). DEDPE has a longer retention time
than BDE2(9: its peal: i3 not shown in Figuye 2.

Table 2. GC Eetention Times and WS Jons of Selected XFERs

Abbr'n RT Major Ions Minor ions

syn-DP 36.07 634, 652 632,618, 384, 530, 512, 478, 440, 404, 368, 237
anti-DF 37.08 634, 652 632, 618, 584, 550, 512, 478, 440, 404, 368, 237
DBDFE =47 79, 81 735,652,574, 493, 416, 161

BE133 2803 79,81 548, 468, 300

TEE 3423 79, 81 232,330

PEB 19.57 79, 81 501,421, 392

TEBE 6.72 79,81 313

HEBE 21.63 79,81, 551 351,471,393, 314

PBT 18.7 79, 81 485 407 328

FEEA 2525 71,79, 81 485, 475, 431, 406, 398

PEEER 23746 79, 81 485, 407, 325

PBCCH  14-183% 79 81 160, 116, 35, 240, 194, 432478

TECT 16.75 79, 81 441,364, 282

* for the three major peaks
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Figure 2: Total Ien Chromatogram (TIC) of Selected XFRs

Co-glution of BE153 and BDE134 was cbserved. With ECWI-MS, they are difficult to separately
guantified because both rely on the sensitive bromine ions with m'z 79 and 81, Similar problem
was reported by Eljarrat et al. [7], Focant et al. [8], and others. Because both BBE153 and
BDE154 have relatively high environmental levels, neither can be assumed negligible. Zhu and
Hites [9] used a 60 m GC column to ensure their separation. Most other studies relied on the
electronic impact MS (EI-MS) which quantifies BBE153 using its molecular ion (m'z 628).

Multiple peaks appeared on the chromatogram of the chemical standard of PBCCH., as shown in
Figure 3-a. The three major peaks had retention times ranging from 14 to 18 nun. The mass
spectra of these peals are simuilar, suggesting that they are likely to be conformational 1somers.
This makes 1t difficult to obtain reliable guantitative results, because the isomers may have
different telative MS response factor. Although PBCCH and other polybrome-pelychlero-
cyclohexanes have been analyzed by others [10-12], few investigate the effect of 1somers on
analytical reliability. A possible solution is to use the total peak area, assuming similar response
factor among isomers.

Similarly, the chromatogram of chemical standard of 1.3 5-Trbromobenzene (TEE) showed one
major and a few minor peaks. as shown in Figure 3-b. Structural isomer tribromoebenzenss may
be present as impurities.

XFRs in the Great Lakes Sediments
Preliminasy analysis suggests the presence of relatively high levels of DP and TBE in the Great
Lakes sediments. Example TICs are given in Figure 4.
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Figure 3. ECWI-MS TIC of (a) Technical PECCH and () 1.3.5-Tribromobenzene

CONCLUSIONS

Due to their wide spread uses, halogenated flame retardants (XFEs) have rapidly accumulated in
the environment in the past decades. Envircnmental monitoring on these XFEs is very limited,
pattially because of the challenges in developing reliable laboratory analyses. In this woile, 12
XFRs were selected and laboratory procedures were developed in order to measure the
concentrations i sediment samples coellected from the Great Lakes. Method development is
based on the modification and renovation of standard methods for other halogenated organie
pollutants such as PCBs and PEDEs. The elufion pattern of the targeted XFRs from a multiple
phase zilica gel clromatographic column was wvestigated. GC/MS analysis found interferences
from co-eluting halogen-containing compounds, as well as the impurities and isomers of some
XFR standards. The entire procedure is yet to be optimized and validated Analysis of the
sediment samples will use the procedures developed in this worke. The concentration data will be
used to demonstrate the spatial distribution and time trend of these chemicals in the Great Lakes
region.
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Figure 4. TICs of Sediment Samples: (a) LM41-2 from Lake Michigan and (b) SU0E-2 from
Lake Superior. The selected ions included miz 70, 81, 428 430, 432 484 486, 652, 634.
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Chemical World

About 8,400,000 substances are commercially available
240,000 are reported to be inventoried/regulated
82,000 are in EPA TSCA inventory

2,800 are in EPA HPV list

Only a tiny fraction A. Breakdown of the Chemicals in commerce - USA
of these have been

. o"industrial”, ~82,000
environmentally g mFood additives, ~8600

. “industrial® ics i ients, ~
monitored : it g

WPesticides (actives), ~1000

B. “Industrial” Chemicals in commerce — US TSCA inventory

Med Vel ~10,000]

E Polymers
: M Low volume <4.5 tlyr or not produced

B Medium volume 4.5-454 tlyr
*7| M HPV >454 tlyr (~2800 substances)

. Polymers ~40,000),
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Major BFRs

B r- Tetrabromobisphenol A F_'ol_ybromlnated b!phen_yi

Br-biphenyls (PBBs)

H,CHBICH,Br

Ci Br
Br_cyclohexanes Bt%:}fBr O=P\—OCH=CHBrCH=8r
B &l % OCH,CHBrCH,Br
r_ r
B t | F ¥ Tris(2,3-dibromopropyl}phoshphate
r-toluene
Br-phthallic acid derivatives HC Br o 0
Br-cyclododecane (HBCD) B“QB' BX;\)(WO
BI’- Br Br & o
+++++OtherS Pentabromotoluene Tetrabromophtalic anhydride
75 different BFRs; plus 2000
v Br Br
reported naturally occurring \@o—@
brominated compounds B8 L or
Hexabromocyclododecane Polybrominated diphenyl ether

Objectives and Tasks

To investigate the spatial distribution and input chronology of
selected historical and emerging XFRs in the Great Lakes
from retrieved sedimentary records.

Select a set of target XFRs analytes.

Develop laboratory procedures for sample treatment and
GC/MS analysis.

Collect sediment cores from open water locations of the Great
Lakes, and measure the concentrations of selected XFRs in all
the core segments.

Determine the total accumulation and the chronology of input at
each location, estimate the annual and total load for each XFR
in each lake, and identify the significant influencing factors.

Propose the implications of the results on source emissions,
long range transport, and risks in the Great Lakes and beyond.
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Selection of target XFRs

= Production information = Expected environmental
o High production volume behavior:

(HPV) o Persistence
o Application scales o Bioaccumulation

= Regulations o Long range transport
o TSCA potential

o Priority chemical

= Analytical feasibility

e Are There Other Persistent Organic Pollutants? A
o Extractability Challenge for Environmental Chemists'

O Cleanup \I\I'IH'K €. G. MUIR** AND PHILIP H. HOWARD®*

Environ. Sci. Technol 2006, 40, T1567-7168

o Instrument
availability

The past § years have sean some major successes in persistent in the environment. With the advent of the electron
terms of global measurement and regulatien of persistent, ©

bioaccumulative, and toxic (PB&T) chemicals and

persistant organic pallutants (POPs). The Stockhelm

Corvention, a global agreement on POPs, came into force

in 2004, There has been a major expansion of measurements

and risk assessments of new chemical contaminants in the

alnhal anuiranmant_narticulary hraminated dinhanyt

Hexabromobenzene
1,3,5-Tribromobenzene

Pentabromotoluene
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Halogenated benzenes

=  Hexabromobenzene (HBB)

o manufactured by Velsicol Chemical Corp.
which was shut down in the 1980s

may be formed from thermal degradation of
BDE-209

has been detected in Great Lakes herring
gulls with the concentration comparable to
BDE28.

= 1,3,5-Tribromobenzene (TBB)
o EU production/import >10 t/y (HPV)

o Technical product contains small amount of
1,2,3- and 1,2,4-TBBs.

Halogenated benzenes (cont’d)

= Pentabromoethylbenzene (PEB)

o an additive flame retardant for thermoset
polyester resins and thermoplastic resins
during the 1970s and 1980s

The production was 45-450 t in 1977 and
declined to 5-225 t in 1986. Current
manufacturing information is not available.

Chicago air sample contained 550 pg m
(10 times higher than total PBDEs)

= Pentabromobenzyl bromide (PBBB)

o a flame retardant and/or involved in
developing various fire retardant formulation
from the 1970s to this day

o little attention has been paid to its
environmental presence.
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Halogenated toluenes

= Pentabromotoluene (PBT)

o a flame retardant in textiles, polyester
resins, and paint emulsions, but the
production volume is unknown.

trade name FR-105 by Ameribrom (Fort
Lee, NJ).
has been detected in Baltic Sea
sediment, at a Swedish wastewater
treatment plant, in the egg pools from all
six herring gull colonies.

m Tetrabromo-o-chlorotoluene (TBCT)

o Little research has been done for

substituted toluenes containing both
bromine and chlorine

Halogenated polycyclic aromatics

m 2,2’ 4455 -hexabromobiphenyl (BB153)
o most commonly detected PBBs

o About 11.8 million pounds PBBs manufactured
1970-1974 and almost exclusively applied to a
particular thermoplastic in electronic equipment
housings

o Although a legacy pollutant, PBBs still exist in
human blood, fish and sediment of the Great
Lakes region.

= Decabromodiphenylethane (DBDPE)

o Additive flame retardant introduced in the early
1990s (SAYTEX 8010, Firemaster® 2100)

o For the same applications as BDE20S.
However, due to lack of oxygen, it does not
form PBDD/Fs during combustion.

o Found inthe air of the Great Lakes
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Halogenated polycyclic aromatics

1,2-Bis(2,4,6-tribromophenoxy)ethane (TBE)

o Production at 4,500-22,500 t per year from
1986 to 1994 by Great Lakes Chemicals (FF-
680), and decreased to after 1998.

Found sediment of Lake Michigan at about 10
times higher than the sum of BDEs 47, 99, and
100, doubling every 2 years from 1973 to 1985.

Also found in ambient air in the US at
comparable levels to PEDEs.

1,3,6,8-Tetrabromopyrene (TBPYR)
A TSCA and priority chemical

Production in North America peaked around
1994 with 0.5 to 1 M Ibs per year.

No knowledge on its environmental presence
and behavior.

Potentially persistent and highly hydrophobic
(estimated log Kow of 8.5).

Halogenated cyclohexanes

m Four halogenated cyclohexanes

o among the top 30 chemicals prioritized based on persistence
bicaccumulation, and long range transport potential.

o The three selected in this work, tribromotrichloro- (TBTCCH),
tetrabromodichloro- (TBDCCH) and pentabromochloro-
(PBCCH) cyclohexanes contain both bromine and chlorine.

Have been largely outside of the environmental screening.
PBCCH was found in Baltic Sea sediment. Both PBCCH and
1,2-dibromo-4-(1,2-dibromoethyl)cyclohexane (DBMCH) are
TSCA chemicals.

)
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Halogenated cyclopentadienes

Hexachlorocyclopentadiene (HCCP)
o an HPV chemical with annual production
exceeding 10M pounds from 1986 to 2002.

persistent and bicaccumulate with estimated
air oxidation half life (27 d) and
bioconcentration factor (log BCF = 3.9)
similar to those of hexa-BDEs.
Hexachlorocyclopentadienyldibromocyclooctane
(HCDBCO)
o a flame retardant on the Candadian
Nondomestic Substances List.

contains both bromine and chlorine.

found in indoor air and dust. In air, HCDBCO
concentration is generally higher than those
of BDEs 47 and 99.

Dechlorane Plus (DP)

A highly chlorinated flame retardant

Annual production was between 1 million and
10 million pounds since 1986, thus an HPV
chemical. The manufacturing is continued to
this day.

Two sterecisomers - the anti-DP counts for
about 80% of the total in commercial product.
Was detected in ambient air and foodweb as

well as two sediment cores from the Great
Lakes.
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XFRs may not be included in this work

Hexabromocyclo-dodecane (HBCD)

o Best by LC/MS
Tetrabromobisphenol A (TBBPA)

o Bestby LC/MS

Pentabromobenzyl acrylate (PBBA)

o a flame retardant substitute of PBDEs

o does not elute from the multi-phase silica gel cleanup column with
up to 140 mL of pure hexane or hexane:dichloromethane mixture.

Tetrafluorobromobenzene and 1,2-dichloro-4-(trifluoromethyl)benzene
o HPV chemicals

o high volatility may cause high uncertainty in lab analysis.
Chlorinated paraffins (CPs)

o several homologs each having many isomers, often resulting in
unresolved peaks on normal GC columns and requiring HRMS or
tandem MS/MS

Sampling
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Core cutting

The 16 cores were cut into 222
segment samples in a freezer room.

Torrey saw

Laboratory Procedure

Soxhlet Extraction

o Hexane:Acetone (1:1)

o 20 hours

Concentration

o Kuderna-Danish

o Solvent exchange to hexane
Cleanup

o Multi-phase silica gel
chromatography

o Hexane:Dichloromethane
(9:1)

Instrumental Analysis

o Agilent 6820+/5973 GC/MS

o PTV large volume injection
(60 pL)
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Challenges

m Challenges raised from

o Lacks of standard
methods

Few published
reference papers

Unavailability of the
research purity
chemical standards

Contacting the XFR
manufacturers

NEMC 2008

m Laboratory key processes
o Extraction efficiencies

o Fractionation elution
behavior

o Type of silica gel

o Amount of silica gel
o Solvent used
GC/MS

o PTV operating
parameters

GC separation

MS operating
parameters

Silica gel column optimization

Sample
Solvent

Na,S0,
Neutral silica
Acidic silica
MNeutral silica

Basic silica

I~ Neutral silica

Cleaned sample

Objective — to ensure the
complete elution in sample
cleanup and to lower the solvent
consumption

Micro silica gel column may be
sufficient for relatively clean
samples. For dirty samples, we
use a total of 9 g silica gel
Acidic/neutral silica column was
found to have the same efficiency
as the acidic/basic/ neutral column
Two elution solvents compared

Flow rate 1-2 drop per sec
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Silica gel fractionation using hexane

De00OeOEO®BEDO
SRR IO O =

20 fractions of 10 mL were collected to determine the elution patterns
The elution curves differ among XFRs, due to different polarity thus
interaction with the silica gel.

o Benzenes and toluenes were eluted in the 3™ fraction

o DP in the 4" fraction, with syn-DP earlier than anti-DP

o TBE was not eluted until 14" fraction
o}

PBBA was not eluted

Silica gel fractionation using mixed solvent

Almost all the XFRs were eluted in the 3™ 10 mL fraction
using mixed solvent (Hexane:DCM 1:1)
One exception is PBBA, which
did not elute until the 9t 10 mL
(not shown)
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GC retention relative to PBDEs

“IC:¥FR1ED

e v o 1'

= PBDEs may interfere with the XFR analysis

o Co-elution of BB153 and BDE154. They may not be
separated by ECNI-MS, unless 60 m column is used.

GC retention and MS ions

HBB 79, 81, 551, 471, 393
PBT 79, 81, 485, 407, 328

PBBA 79, 81, 485, 475, 71
Before BDE28, Between BDEGS and 100 -
ocon peremoEn  meneeiews |
TBOCT | Before BDE28 79, 81, 441, 364, 282 -
DP* After BDE183, Before BDE196
DBDPE | After BDE209
BB153 Close ta BDE154

TBE After BDE183, Before BDE190 79, 81 357, 359
E Before BDE47 79, 81, 500 500, 485
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Other problems to be solved

lsomers

o Cyclohexanes have
isomers which may
have different
response factors

Impurities

o 1,3,5-TBB standard
has impurities of
other TBB isomers

Quantitation is
complicated in these
cases

PTV parametric evaluation

L
o
o

Programmable temperature
vaporizing (PTV) injection:

w
o
(=]

o one of the LVI methods

o designed to handle semi-
volatile analytes in complex

(=]

Inlet Temperature (°C)

(=]

or dirty samples
Objective — enhance analytical

-
o
o

sensitivity and compare with
splitless

Parameter evaluation

Gas Flow (mL/min)

Gas Saver

o Linearity with volume . % &

o Initial and final PTV inlet Retention Time
temperature

o Vent and purge flow rate

82
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Comparison of injection methods

2 JL injection

Relative Response

o0
o™

= For light congeners, pulsed splitless = splitless > PTV.
o Lower response by PTV suggests lost (17-39%) during solvent vent
m For heavy congeners, PTV > pulsed splitless > splitless

o Lower response using splitless may indicate degradation in the
glass-wool-packed liner at 300 °C.

Linear response with injection volume

=  MSresponses increased 20 % (1~ 10) L
linearly with increasing total | MentHil 25 min
injected volumes in the range i
of 20-200 pL.

The linearity for BDE209 (R?
= 0.997) was better than for 1 Y,
other congeners (R? = 0.970- I Pereis £ ) 28, 196, 47,
0985) ‘—; " | I I I I 1563, 183, 100
Further increase in injection 0 20 40 60 80 100 120 140 160 180 200
volume may overwhelm the njected wallme: L)

inlet, causing invasion of
salvent liguid into the column.

Relative Reponse

Injected volume should balance
R with the vapor elimination rate,
Multiple injections may be which depends on the initial inlet
better than a single injection temperature and pressure, venting
of the same total volume duration and vent flow rate.
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]
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Inlet temperature controls the
indicating
indicating

1a

In

-
response T,

response |,

10 °C below the solvent boiling point

m Final Inlet Temperature
lower losses and gas consumption.

enhanced transfer to GC column
o Longer venting time also yielded

o The temperature effect is more
dramatic for heavy congeners.
o 400 °C appears to be a good choice

increased loss at elevated
temperature.

o The temperature effect is more

dramatic for light congeners.

o Recommended initial temperature
injecting hexane after the
completion of a run with a
concentrated standards

o The carryover ranged from <0.1%
to 1.4% under four different
combinations of purge flow and
final inlet

higher loss of analytes

m Furge Flow Rate
residuals from the inlet

for all PBDEs.
o Carry-over is investigated by

loss of anlaytes.
o 50 mL/min is appropriate with

vaporization of the solvent and analytes
and affects the transfer of the analytes

into GC column.

= Initial Temperature:
o Higher vent flow results in higher

o Purge flow eliminates analyte

o TT1,
o T 1

Vent and purge flow rates

Inlet

= Vent Flow Rate
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PTV enhances detection

Salvent Vent (120 uL
S S&éﬁﬁ\-’ent 560 uL) )
itless (2nul)

Abundance

25 I.DD 40 _IDD
Retention Time

T
25.00

PTV enhances detection and reduces the number of “ND”.
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Thank YOU for listening!
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Solica gel elution of PCBs and PAHs

@/ CHEMOSPHERE

PERGAMON e o 44 (2001) 1439- 1445

Separation of PCBs and PAHs in sediment samples using silica
gel fractionation chromatography

Jae-Kil Ja

- Silica Gel Deactvation = 2% -

o g

Abstract

=
=

)
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H
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]
S

Almost all PCBs were eluted prior to
PAHs

For PCBs, heavier congeners were
eluted more quickly

For PAHs, lighter ones were eluted o BB
earlier. F=- o —a—ta]

Fig. 2. Effect of silica pel deactivation level on the elution and
separation of 2,4-dichlorbiphenyl and naphthalene.

Silica Gel Deactivation = D% .
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In a Green World, Shouldn't All Analyvses Be Micro?

David Mauro

Meta Environmental, Inc.
49 Clarendon Street
Watertown, MaA 02472
dmauro@metaenv.com

ABSTRACT

MMost methods for the analysis of organic compounds in water, soil or other solids rely on an
extraction step where the sample 1s treated with solvents to collect and concentrate trace
constituents. This step can be labor intensive and costly, as well as generate substantial volumes
of potentially hazardous solvents as wastes. In addition. large quantities of soil and water, which
may confain hazardous chemicals, are collected but never analyzed, and mwst also be handled as
waste. For several vears, microextraction methods have been promoted by a relatively small
group of advocates for reducing the labor needed and mininvzing the amount of waste generated
m the laboratory over existing methods. One such approach was developed at META
Environmental, Inc. in the early 19905 with support of EPRI and its member utilittes. Two
microscale solvent extraction (MSE) methods for the simultaneous extraction and analysis of
volatile and semivelatile orgame compounds in soil or water were developed. Validation reports
were sent to EPA’s Office of Solid Waste on September 27, 1996 and on April 11, 1997, The
methods were reviewed by the SW-846 Crganic Methods Workgroup and, after several rounds of
review and comment, EPA published Methods 3511 and 3570 on therr web site as part of the
SW-846 Update IVE m November 2002. MSE methods require smaller sample volumes, use up
to 20% less solvent and generate up to 90% less waste, and can result in faster and lower cost
sample preparation overall MSE metheds have been used successfully by META under both
field and fixed laboratorv conditions for over 15 years and have been shown to produce data
comparable to other EPA methods. This paper will review META s expenience with EPA
MMethods 3511 and 3570 and highlight the advantages and disadvantages of the methods.

NEMC 2008
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Method Development Studies for the GC/MS
Determination of Polyaromatic Hydrocarbons
(PAHSs) and Alkyl-PAH (APAH).

National Environmental Monitoring Conference — Washington
D.C. 2008

David Thal
Operations Manager — Sediments and Tissues

v Aug 15, 2008
TestAmeric Addressing PAHSs in
THE LEADER IN ENVIRONMENTAL TESTING Contaminated Sediments

» Which PAHs/APAHS to study?

« At what concentrations do we need to
demonstrate good performance? (i.e., sensitivity,
specificity, accuracy & precision)

« What are the qualitative identification criteria for
alkyl PAHs?

« How do we quantify alkyl PAHs?

* Do we need SIM for sediments work?

« How comparable are typical GC/MS methods?
« What cautions should labs and users observe?
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TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Part 1

Structure, Sources and Risk

Teszmenco Parent PAHS and Alkyl PAHs

phenanthrene>
phenanthrene>

phenanthrene > OOO

Naphthalene =

Anthracene >

Q@ © O
%M
o ©

Chrysene >
Fluoranthene > @.8
< Dibenzothiophene

C4-

phenanthrene > OOO

89




NEMC 2008

TestAmernca  sources of PAHs to Sediments

THE LEADER IN ENVIRONMENTAL

»  Petrogenic — low temperature formation — petroleum
distillates and residues

» Biogenic — low temperature formation — diagenesis in
marine sediments
»  Pyrolytic - high temperature formation -compounds
generated in combustion processes
~ Low temperature formation permits and preserves
alkylation

~ High temperature formation and treatment produces the
unsubstituted parent or substrate.

» MGP Plants, Aluminum Smelters, thermal processes,
crankcase oils, asphalt and concrete sealants.

TestAmerica

THE LEADE

Alaskes | Haweai Puers Rico | Totw! # of Swtions: 7,600

Figure 3-2. Sampling Stations Classified as Tier 1 (Associated Adverse Effects Are Probable).
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National Sediment Quality Survey
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Explanation . T } — 1 ;_f:‘ —
| Decreasing trend 0 gl >- \.
w= No trend ‘?' ’

-
| Increasing trend

Figure 4-7. PAH Trends Throughout the United States Using Sediment Core Data
from 1970 to Top of Core.

TeSTAmeriCQ Risk from PAH Exposures

THE LE

» BaP and 6 others recognized as probable human
carcinogens in 2001 (IRIS).

* EPA is currently performing an assessment of
PAH Mixtures for IRIS.

» Ecological risk to benthic receptors in sediments
has been defined, benchmarks established using
harcosis, EqP approach.

» Dioxin-Like Aryl Hydrocarbon Receptor induced
genotoxic properties (e.g. BaP).
* Recent studies at University of Utrecht, Sweden

identify specific alkyl PAHS has having higher
ArH responses than parents.
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TestAmeric

THE LEADER IN ENVIRONMENTAL TESTING

Part 2

Approaches to PAH & Alkyl
PAH Analysis

TestAmeric PAH Analysis Continuum

THE LEADER IN ENVIRONMENTAL TESTING

Method 8270C (GC/MS) (1-10 ug)
Method 8270C SIM (GC/MS) (0.1-1 ug)

Method 8270C (Full Scan GC/MS, Inert Source, upgraded signal
path — includes Alkyl Homologs) (0.1 ug)™

Method 8310 (HPLC) (0.1 ug)
NOAA Status and Trends — GC/MS SIM w/ Alkyl Homologs (0.02
ug)

NYSDEC ASP (NJDEP CARP, CARB 429) Isotope Dilution Method
(GCMS-SIM) (10 ng) (0.01 ug)

NYSDEC ASP (NJDEP CARP, CARB 429) Isotope Dilution with
Alkyl Homologs (GCMS-SIM)(0.01-0.02 ng)

Method 8272 (ASTM D7363) — Isctope Dilution Solid Phase
Microextraction (SPME), for dissclved Toxic Units.

92




NEMC 2008

[/

Slightly Higher
Petrogenic
4-Ring PAHs

g o

Higher
Petrogenic
4-Ring PAHs

NA Zoreot [

—— Weathering POy

2-1o 6-Ring
PAHs

Environmental

Forensics — Principles
and Applications 2-10 6-Ring
Morrison et al., 1999.

Unweathered Pyrogenic

7
“] Partially combusted diesel
| fuel — Using parent PAH
“ response factors
“ > =375ppb
o ‘Mfl
M M on2 n3 nda 0 H f2 f3 a0 p0 pal pal pad pad ded obtl ODL2 D3 dbid Mo py0 i1 fp2 3 s

50% Combusted Diesel - RRF Comected

> =650 pph

Same analysis, using
relative response factors.

| LW Ps..

12 i ontond m3 nd f0 H #1320 pO pal pal pal pad b chi dbtd doti bl o pyld B fp2 b3 e
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TestAmerica
THE LEADER IN ENVIRONMENTAL TESTING
United States Office of Research and Development EPA-500-R-02-013
Environmental Protection  Washington, DC 20460 WWW.EPA.QOV
Agency
“EPA

Procedures for the Derivation
of Equilibrium Partitioning
Sediment Benchmarks (ESBs)
for the Protection of Benthic
Organisms: PAH Mixtures

TestAmerica ESB Procedures for PAH

Mixtures (Benthic Organism)

Th

Documents the procedures for establishing ESBs.

Uses Equilibrium Partitioning (EqP) approach to account
for differing bioavailability of each PAH.

Uses a larger range of PAHS and Alkyl PAH homologs
(APAH), to more fully capture the loadings. Defines the
“EPA 34 list.

Uses Narcosis Theory to demonstrate that the acute
toxicity-Kqyy, slope is similar across species.

Establishes the relationship between acute and chronic
thresholds.

Uses the final chronic value in water, and K, to
calculate the sediment quality benchmark in ug/gqe.
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TestAmerica March 2007 - EPA Circulated
€ LeADSR I ENvIRONMENTA Draft Revision ERA Guidelines

* Recognizes that pore water methods are logistically
difficult and may be expensive

» Refines the traditional approach (sediment to pore water
conversion).

« Recommends sediment testing for 18 parent and 16
alkyl homologs. (EPA 34 PAH List)

* Recognizes that no EPA method is available to address
the homologs

» l|dentifies Lauenstein & Cantillo (1998) as a method. [aka
NOAA Method]

» Clarifies conversion of sediment conc’s to sum of toxic
units (ZTU).

TestAmerica  Consider Adding These NOAA

Biphenyl

Dibenzothiophene

C1-C4 — Dibenzothiophenes
1-Methylphenanthrene
2,6-Dimethylnaphthalene
1,6,7-Trimethylnaphthalene
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TestAmerica Equilibrium Sediment
i L Benchmarks

* Relates dry-weight sediment conc. to pore water,
sediment OC-sorbed organics & sulfide bound (metals)
conc.

* For metals the risk is calculated in terms of molar excess
of the metal over the moles/g acid volatile sulfides.
(Corrections for salinity and pH).

» For nonionic organics the dissolved fraction is calculated
using equilibrium with “organic carbon’:

¢ Cqed = Cyis foc Koc
¢ Csed oc = Cdis KOC

17

TestAmeric

What Levels of Quantitation are
needed for PAHs and Alkyl
PAHS in sediment?

18
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TestAmenca  How Much TOC to Expect?

Study Location/Type Range (%)

Y. Ouyanga,, J. E. Zhang and L.-T. Ou. J. Cedar and Ortega Rivers 2.3.22.6
Environ. Qual. 35:93-100 (2006)

Juracek, et al. USGS 1962-99 Tuttle Creek Lake, KS 0.84-2.0

Johnson, T.C., et al Limnology and Lake Superiot/ Surficial 0.5-5
Creanography 1952

South Carolina Estuarine and Coastal Tidal creeks in South Carolina/ =0.1to 5.4%
Agszessment Program. 1999-2000 30 Stations

Florida Institute of Technology October 25, Gulf of Mexico sandy sediments/ 0.06-1.39
2002 surficial grabs.

Patton et al., DOE PNNL-13417 Tanuary 2001 Columbia and Snake Rivers 0.29-43

Valente et al., SAIC for Mamssachusctts Coastal | Buzzards Bay, MA/ 0.5-5.8
Zone Management Agency

Davis et al., Washington State Pesticide Lake Sacajawea, Okanogan 0.6-2.0
Monitoring Program, 1994 River, Lake Chelan, Entiat

River, Soleduck River

Chalmers et al, NAWQA, cited in Water- 46 streambeds nationwide 0.6 to 5.6

Resources Investigations Report 02-4179
19

TestAmerica What levels of TOC do we
HE LEAOER I ENVIRONMENTA. TESTIG need to account for?

* In sediments with > 0.2 % TOC, the predominant phase
for sorption of nonionic organic chemicals to sediment
particles appears to be organic carbon.

* |In sediments with < 0.2 percent TOC, other factors, such
as particle size and sorption to nonorganic mineral
fractions, play a relatively important role.

— National Sediment Quality Survey &
— Karickhoff, 1984

20
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TestAmerica  Sediment Quality Benchmarks- OC
PO —— Basis vs Sediment Basis

Th

WQB SQB % OC SQB
FCV Koc | Log, K .| FCV 0.1 FCV
Analyte ug/mL ug/goc | goc/g sed | ng/g sed
Naphthalene 0.19350 1991 3.30 385 0.001 385
1-Methylnaphthalene 0.07537 5916 3.77 446 0.001 446
2-Methylnaphthalene 0.07216 6194 3.79 447 0.001 447
Acenaphthylene 0.30690 1472 3.17 452 0.001 452
Acenaphthene 0.05585 8790 394 491 0.001 491
C2 - Naphthalenes 0.03024 16866 4.23 510 0.001 510
21
TestAmerica Sediment Extraction Methods
« Sonication

« Soxhlet (or SDS), Accelerated Soxhlet
« Microwave Assisted Extraction

« Pressurized Fluid Extraction

« Supercritical Fluid Extraction

» Solid phase microextraction of porewater.

22
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TestAmeric

THE LEADER IN ENVIRONMENTAL TESTING

Cleanup Methods

Alumina Columns (Separate linear from planar)
Silica Gel Bulk and Columns (Polarity trapping)
Gel-Permeation Columns (Size exclusion®)

Mercury, Copper, Tert-butyl ammonium sulfite
(Sulfur removal)

23

TestAmeric

THE LEADER IN ENVIRONMENTAL TESTING

Instrument Analysis

* PAH Analysis

~ High Performance Liquid Chromatography (uV, photo
diode array, mass spec detectors)
~ Gas Chromatography (flame ionization,
nitrogen/phosporous, electron capture, mass spec, high
resolution mass spec detectors)
~ For GC/MS — Major options include:
° Full Scan
© SIM
“ HRMS SIM
° internal standard
isotope dilution

2

24
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T(—:-s’r.,fi\meriCFII Jonkers et al. ES&T 2002

Extracted soots, coal, charcoal, and sooty sediments
with 7 organic solvents.

Saw individual recoveries as low as 16% as compared to
the best extracting solvent.

These differences were much larger for soot than for
sediments.

Dichloromethane, toluene and acetone hexane generally
had lower recoveries than alcohol/aromatic
combinations.

Toluene:methanol (1:6) gave the best results!

TestAmericq NIST 2007 Intercomparison

SRM 1944 and NIST Sediment 14 — a stabilized, wet,
homogenized sediment used for the 2007-8
Intercomparison. 25-2050 ng/g 3.96 % TOC

Evaluated in 6 Sediment & Tissue Program Laboratories.

Study design for PAHs — all done on GC/MS, using DB-5
DB-5 MS or RTx-5. 1 lab used 60 m capillary.

Compared soxhlet, accelerated soxhlet, sonication, a
quick screening method.

Compared extraction solvents (acetone/DCM vs DCM).
Compared cleanups — none, GPC, Silica Gel, GPC/SG.

Dixon Test (tau statistic), 40% RPD as acceptance
criteria.
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TestAmerica 2007/8 NIST Intercomparison
€ LEADER I ENVIRONMENTAL TESTIY Exercise

PAHs on SRM 1944 - Recovery vs Certified & Reference Values

Summary Statistics With Outliers Included

ACE- DCM-
DCM | ACE-DCM 60m | DCM ACEDCM DCM
Sox, GPC
+ 8il Sox + §il Shake +
Ace. Soxw/ el Gel Son + GPC + Sonic
Acc. Sox GPC 1D 8270 §il Gel ID Bath
Analytes Attempted | n 17 18 22 22 21 19
Accepted Results 16 17 20 20 19 18
Mean Recovery 69% 64% T7% T2% 95% 42%
Mean Abs. Deviation 41% 36% 25% 28% 31% 58%0
PAHs on Sediment I'V (Wet) - Recovery vs Exercise Assigned
Analytes Attempted | n 17 18 24 17 21 18
Accepted Results 16 18 24 17 21 15
Mean Recovery 86% 82% 109% 90% 93% 12%
Mean Abs. Deviation 17% 19% 17% 15% 22% 88%
a ]
.
TestAmerica Observations

+ Screening method (shake & sonic bath) was rejected.

+ Qverall, Soxhlet & Horn Sonication were a bit better.
Accelerated Soxhlet is accepted.

* No clear advantage from acetone. Paradoxical effect
was that DCM-only worked better on wet samples vs
dry.

* Isotope dilution strategy correlated better with

consensus values; was less prone to negative bias.

+ Silica Gel and GPC / Silica Gel improved

performance.

* No sweeping advantage from 60 m column.

* Benzo(j)anthracene coeluted with either b or k isomer
on both 60 and 30 m column.

28
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TestAmerica

NEMC 2008

TestAmenica  gpecialized Technique

Th ADER | TAL TESTIM

Traditional practice of APAH analysis includes SIM
acquisition of a primary and a confirmation ion.

Clusters of the primary ion patterns are integrated and
guantified using the parent ion.

Secondary ion is used to help identify the pattern.
Analyst experience and judgment is required.

Laboratories setting up the analysis must carefully
evaluate the patterns.

SIM has traditionally been the only tool available.

Today’s more sensitive LRMS instruments can detect all
necessary homologs under full scan conditions.

May require a combination of crude oils and coal tar.

Ton T6.007 Arant 1000 Peigw: 19008

Th EADER | NTAL TESTIN

Dibenzothiophene
and phenanthrene
d10 have strong m/z
signals on the c4
naphthalene trace...

DBT also shows up

on the confirmation
ion trace.
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TestAmerica

THE LEADER IN ENVIR

ONMENTAL TESTING

Full MS scanning shows
not all peaks in the
selected ion
chromatograms are the
target alkyl PAH.

Dihydroanthracene
interferes with c¢1
fluorenes...

FPAH diones have also
been tentatively
identified.

TestAmerica

THE LEADER IN ENVIR

ONMENTAL TESTING

Terphenyl d14 (surrogate)
can interfere with the c3
dibenzothiophenes...

NEMC 2008
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Summary

TestAmerica

* The EPA 34 list appearing in the “Derivation of ESB”
document, plus the NOAA 2005 statement of work list
provide a reasonable extended list for sediment work in
support of ecological risk and source classification work.

* Extraction by Soxhlet, Horn Sonication or Accelerated
Soxhlet are demonstrated.

+ DCM solvent is OK unless the sample is predominantly
soot. Then consider methanol:toluene.

* Reporting limits of 100 ng/g will give data below ESBs
down to 0.1% TOC and up to 70% moisture.

Summary Cont'd

TestAmerica

« This RL (100 ng/gpry sep) is easily within reach of full
scan methods, but will require silica gel or GPC/silica gel
at a minimum for robustness.

« Laboratory must be absolutely clear on what basis the
Alkyls are calculated. (RFp,.+ or RRF)

¢ 30m or 60m 5% phenyl column will work equally well.
Either way, the benzo(j)flouranthene coelutes with
something.

» Until a method is published, work should be coupled with
full scan confirmation of patterns.

* To flex the method down for low-level work, consider
isotope dilution — particularly for low-level samples.
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TestAmerica

Th

NEMC 2008

Future Work

* Examine microwave assisted extraction.
» Work with vendors to increase the standard materials

available.

* Evaluate negative chemical ionization.

* In situ and in vitro equilibrium studies using passive
samplers (SPME fibers, polyoxymethylene sheets).

TestAmerica

Th
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Data and Information Quality Framework for
Environmental Measures

Jeffirey Worthington

USEPA Office of Environmental Information
472 Pewwood Drive

Edgewater, MD 20137

202-566-0095

worthington jeffrevi@epa.gov

ABSTRACT

Many disciplines establish a central “body of knowledge” (BOK) that serves as a reference point
for concepts, theonies, processes, facts, and other agreed to aspects of that discipline. An
mformation and data quality BOK can be the basis for a more universal understanding and
comparability of envirommental measures. Such a BOK would rest within the existing BOK for
the quality discipline.

The existing quality BOK mcludes elements such as quality planning, quality assessment,
continmons improvement, quality control processes, reliability, maintamability, statistics,
mspection processes, etc. At this time, there 15 no firm information and data quality BOE. In
Lieu of the needed BOK, professionals working with envirommental measures for mformation and
data quality can rely on a basic Information and Data Quality Framework. The purpose of the
framework is to provide a roadmap to considering how to plan, mplement, and assess processes
that develop mformation and data products and services, including environmental measures.

This presentation considers key elements of an information and data quality framework
meluding:

= Identification of mformation and data products and services

*  Identification of nformation and data features, definition, and measures

*  Organizing mformation and data features mio logical management groups

*  Recomuzing mformation states and mapping those mformation states to features and
supporiing mformation processes, and

= Eelating governance processes (1e., quality and information policies) to the
organization’s information and data quality.

NEMC 2008
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Jeffrey Worthington- BIO

= Director of Quality - USEPA Office of Environmental Information.
= Director of Quality - USEPA ORD Mational Risk Management Research Laboratory (NRMRL)
Director of Quality Assurance for TechLaw, Inc.
American Society for Quality (ASQ) Certified Quality Manager and Certified Quality Auditor.
ASQ Fellow
Founding member - ASQ Govemment Division
Past-Chair -ASQ Energy & Environment Division
ASQ Division Affairs Council member
Founding member and past Director of the International Association for Information and Data Quality

= Editorial Board member for:
= Quality Assurance, Science, and the Law
= Journal of Erwironmental Forensics
= Environmental Laboratory magazine, and
= Erwironmental Testing and Analysis magazine.

s Federal Government since 1994, Jeff co-led a team authoring the combined quality and
management system far EPA's Environmental Technolagy Verification (ETV) program. He co-
led the EPA team developing EPA's Information Quality Guidelines.

s Jeff ca-authored peer review journal papers receiving:

= the USEPA Science and Technological Achievement Award (STAA), Level III for equating EPA policies
and procedures to U.S. Supreme Court Sound Science Criteria (2002) and

= an STAA Honorable Mention for developing electronic recordkeeping QA parameters {2006).

= 2008 - National Security Telecommunications and Information Systems Security (NSTISSI) 4011
Certificate for information systems securiﬂ/ (INFOSEC)grofessionals at the National Defense
University (NDU) Information Resources Management College (IRMC)

= Currently studying Chief Information Officer curriculum at IRMC,
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DISCLAIMER

The opinions expressed in this
technical presentation are those
of the author and do not
necessarily reflect the views of
the US EPA.

ABSTRACT

Many disciplines establish a central "body of knowledge” (BOK) that serves as a reference
point for concepts, theories, processes, facts, and other agreed to aspects of that
discipline. An information and data quality BOK can be the basis for a more universal
understanding and comparahility of environmental measures. Such a BOK would rest
within the existing BOK for the quality discipline.

The existing quality BOK includes elements such as quality planning, quality assessment,
continuaus improvement, quality control processes, reliability, maintainahility, statistics,
inspection processes, etc. At this time, there is no firm information and data quality BOK.
In lieu of the needed BOK, professionals working with environmental measures for
information and data quality can rely on a basic Information and Data Quality Framework.
The purpose of the framework is to provide a roadmap to considering how to plan,
implement, and assess processes that develop information and data products and
services, including environmental measures. This presentation considers key elements of
an information and data quality framework including:

= Identification of information and data products and services
s Identification of information and data features, definition, and measures
= Organizing information and data features into logical management groups

»  Recognizing information states and mapping those information states to features and
supporting information processes, and

= Relating governance processes (i.e., quality and information policies) to the
organization’s information and data quality.
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OVERVIEW

Existing Body of Knowledge (BOK) for quality discipline (data
quality)

Alternative Quality Models for information and data guality
For what.... do we need to address quality? SCOPE

Background

What are the important quality considerations?

. Information and data quality features
o Information and data states
. Quality components

= Quality supporting activities
B (information and data) Quality governance processes

Conclusion

A question to consider today

"What makes
data “usable”?
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OEI Background

The Office of Environmental Information t(OEI) headed by the
Chief Information Officer, manages the life cycle of information
to support our goal of protecting human health and the
environment by:

Collecting Information: OEI collects, manages, provides and
safeguards your environmental information.

Ensuring Quality Information: OEI ensures that the information
we use are accurate, representative, and reliable

Analyzing and Accessing Information: OEI offers tools for you to
access and analyze environmental information

Information Technology: OEI provides technology services and
manages our Agency's IT investments

USEPA OEI Organization Chart

Office of Environmental Information (OEI) Cureach &
Organizational Chart Communicatens
as of March 4, 2007 Staif OEI Qualil
Immediate Office
of the Assistant g.f:N?\ENDCf Poiicy & Program
oulitysaf [ Administrator and 1 RE—‘cgURCiS,;:ND ““"2?:;"? "
Chief Information UTFEAG -
Agency Officer
Sascuice
= Menagement
Quality =
OFFICE OF OFFICE OF . CFFICE OF
ECRMATION Tty TECHNOLOGY C’;”"’-E’ £ NFORMATICH
COLLECTION oL ey ‘OPERATIONS H usess ANALYSIS AND
Sttt D FLANMING Suppen S1afl NCESS
Informat Collestion i Mission Masanal i .
Eehange & Cragits Ziupiise Dasdop invesimeot Gompusr Corter Eneoremnisl TR Program o Aecess
Services Dhision Divsen Scluticns. hesis Division Ciwsan
Dwision
Informaten : 1T Policy Acglications . i
|| oma standares Call Canter & T Poiicy || 2o Aralytoa TRI Information Infematen
e a5and — & Traring Seitions Beanch Products Branch & Oureach Senices Branch
armership Branch Managemeni Branch 8 Branch
niormaticn . Deskiop & [ Centerfor Anatyticsl TRI Reguiatory Paicy & Program
Exe i Collaboation Pranning Evanch Erwironmantal Suppart Branch Davelopment Wanagerant
exhnciogy Sohstions Beanch Computeng Branch Branch
nformaten Informaten Infrastructure Hosing & Swage
‘Services & Suppert Suategies. Operateons Branch Saiwtions Branch
Branth Eranch
Reccrds, FOIA, Security & Busness
=nd Privacy Wanagsment
Branch Branch
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Background
OEI Current Activity

OEI's National Dialogue on Access
to Environmental Information

National Meeting — Phoenix,
December 2008

WWWw.epa.gov/oei

Background - EPA Quality

CIO Policy 2105.0 (AKA EPA Order 5360.1 A2)
CIO 2105-P-01-0 (AKA EPA Manual 5360 Al)
“"R” documents — quality requirements

“G"” documents — quality guidance

Annual Conference

Annual Training Meeting and Training Modules
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www.epa.gov/quality
= FAQs

= Quality Management Tools
= Information for EPA Organizations

= Information for non-EPA Organizations

For non-EPA organizations

2} EPA Quality System - Info. for non-EPA Organizations - Microsoft Internet Explorer

| Be [Edt View Favoites Tooks Hep _ | &
(O -© - 15 & O] = G B S 3- LA B —
| Agdress [ €] hetp:/funwn.epa.goviqualityfexmural him == E

|Cogle[Gr ek B+ | € womar [Dromprato | Bk v Atk 41 psmion & Qe | 8-
|Unks E]whorms glomp &]EPaphone E]PPus E]GTip E]EPasan E]TP EIRMC glauo E]BOAT E]CAR E|MAP E]motr EJEED E]Mown &]Ices =

EPA"s Quality-Related Regulations ‘=|,g
[ Tnter
[Cooperative Agency
Contract | Grant? Agency
|Agreement el Mandate
[Contractor [Tascrras | wa HiA [ wa [ HiA
l Megotiated Contained
::d‘"' 77y A MR inte each in specific
|agreement Federal Req.
I r r I T Iy
Contained
ospital 48 CFR 46 SO0.CFR 40 CFR 30 MiA in specific
| 0 Federal Reg.
Institute
B i Contained
b 42 CFF 4 L 40 CFR 30 Ha in specific
Education = Federal Reg.
| agsre Conmainad
Local 3L A0 CFR 31 i i
48 CFR 48 A in specific
frommmest "—959553 LR Federal Reg.
Non- [ [ Contained
!pnﬁt 48 CFR 4 "0;0’”- 40 CFR | WA ‘ in spacific
(Organization e | Federal Reg.
Centained
h‘;”:’“’d ‘ ) WA WA WA ‘ in spacific
L Faderal Reg.
|9hh AgiEm b Contained
48 CFR 46 /A in specific
}Gw"-nn-l sicem S0 CPRES Fadeires:
4 FR 2
| Contained
Tribal 31 40 CFR 31 = -
Govermment EE a0 CFR 30 CFR 35 A jor 2p¥chic
| 35 Federal Reg.
[®Grants include Performance Partnership Grants and Performance Partnership Agreements.

Top of Page
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Existing Body of Knowledge (BOK) for
quality discipline (data quality)
. Plan — do - check — act (PDCA cycle)
. EPA: graded approach
= Data (PARCCS)

Precision

Accuracy
Representativeness
Completeness
Comparability
Sensitivity

What does the
quality system

apply to?
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Quality Staff Product & Service Categories
FY07/08 QAARWP instructions

Reports = Research
= Progress, performance, % Crisntific
characterization reports BEBHERE
= Fact sheets i
Dateand Infammeaticn = Environmental technology
= Planning

Systems
= Environmental
=  Administrative

= Development
= Information management and

Guidance technology

= Programmatic ' E'annllng

= State/local G. evelopment

Assessments = Grants _

= Risk assessments = Stateflocal/tribes
= othe

= Scientific assessments

= Remedial investigations &
feasibility studies

Information and Data - Product & Services

Environmental measurements
. Chemical
. Biological
. Physical
. Geospatial

. Time
Technical reports
Databases
Access services (e.g., web)

Interactive information products
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What is

data quality

for
environmental
measurements?

This only contains the original
data
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Some data, which specifically

describes quality features of the
data may accompany the original

data to form a larger data

package.

Intrinsic Quality
Intrinsic Quality
Original

Data

Quality Metadata

represent quality that is “intrinsic”
to the data that is central to the work.

Supporting Quality

Intrinsic Quality
Intrinsic Quality
Original

Data

Quality Metadata

Additional Metadata
Methods, Purpose, Plans

17
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All associated Informatio
Supporting Quality
Intrinsic Quality

Intrinsic Quality

Original
Data

Quality Metadata

Additional Metadata
Methods, Purpose, Plans

Program supported, people involved,
related information

META DATA = data about data

= Computer metadata vs.

= supporting data for environmental
measurements

= Transparency = when the correct
metadata is shared (correct = meta data
for “it's intended purpose)

sData pedigree
=sData provenance

118




NEMC 2008

Environmental measurement content quality
= Environmental measurement

= Supporting datafinformation

Information system quality
= Hardware reliability

= Security

= Software design
=Usability
sPresentation

sInteroperability

Data basefmanagement quality
= Data record quality

= Formatquality {(map vs. table)
= Data standards
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3 MAJOR DATA TYPES DATA QUALITY AND INFORMATION QUALITY RELATIONSHIPS

production™®
1. Science o
value chain N 7
INFORMATION

data ) data St ;
desi { : {
£31210 production tHording
entry into \

RESOURCE

2. Eegulatory

value chain Eysteni

- regulatory data
- major data systems

daa ) data data - administrative informaplt
design production recording : - general EPA infj
entry into \
system

information

3. Administrative
info walue chain

information

The path for collection .
I T and movement of science data to archives
“data quality indicator™ data dat? o farge Program. Armlysis information'to web
which include information -
: customers and the public
analysis

ENABLING PROCESSES

Information processes data standards development, information policies, information measures, architectures

IT processes software design/development, hardware operations

Planning processes - programs, projects, quality, resource, integration

Alternative Quality Models for:

delivery of government services

= Quality in Depth*
m Criticality assessment* (similar to
“graded approach”)

s Information Quality Cube (Modified
McCumber Cube)*

*discussed at NEMC 2007
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Quality in

Depth

e Qi

program Qualit

oystem Quall

Websitequality

Criticality assessment

impact attributes (from McCumber Cube)
confidentiality integrity availability
5 environmental
6“' measurement L H M
-
=
o]
sy
5
regulatory
3 = L H H
o
o
c
O
PN
~+ | information
eI R
8 policy L M H
n
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Information/data Quality Cuhe

supnoriing
acuuity

Inio States crilical

information
ieature
categories

Information/data Quality Cul

Technology

policy & procedure

people & training

i
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————— = 'technology

Oriyinal amalysis: mapping features and texms: TECHNOLOGY

policy & procedure

%i peonle & training

alfienfiity transparency usability

Critical Information Features Categories
(and features)

authenticity transparency usability
Content Acourate Recarded methods Cornplete
Fepresentative Recorded waork Current
Carrect Timely
Comparable Correct
Integrity
= | Format Representative of content | Reproduciblefrepeatable | Informative
=2 undlerstandable Correct
9. Clear
E Concise
=3 Presentable
g Accessible
w understandable
-
&
% | Function Well-desigred Ease of use Serviceable
Relishle Recorded methods Accessible
Integrity Recorded work Informative
IT security Documentad 1T security | Maintainable
Available
Reliable

Corfidertial integrity
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Quality Components

Features — does the product have the features or
characteristics that I desire?

Defects/errors or controls — do the features work all
the time, are there are problems or mistakes?

Customer service — are the people easy to deal with?
Am I comfortable when contacting them?

Efficiency and effectiveness — can I afford to make
the product or buy the product? Do I know there is
value for the purchase or manufacture?

Information and Data Quality Features
MAJOR CATEGORIES

Authenticity — it is what it purports to be

Transparency — there is enough information about
the information to know it can meet the intended
use

Usability (e.g., utility) — the information is of the
correct content, format, and functionality for use
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i

Authenticity Features - " It iS what it purports to be.

Technical

. Technical protocols selected were robust

. Technical protocols were followed

" Records were adequately kept, and adequately maintained
. Matrix sampled securely maintained

= All movement and custody records maintained

. Analysis performed in accordance with protocols

Quality control and management

. Plans developed and followed

Transparency Features - “There is enough information
about the information to know it can meet the intended use.”

Non-biased presentation

Availability of science methods used
Comparability of data to know data sets
Sufficient information to reproduce data sets

Information regarding source of data is
known

Location where additional information is
identified
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Usability Features - “The information is of the correct content,
format, and functionality for use.

s Completeness of data

= Interoperability of data with the
format desired

m All values needed are available

= Data is provided in time to be
useful

Quality Components

Features — does the product have the features or
characteristics that I desire?

Defects/errors or controls — do the features work all
the time, are there are problems or mistakes?

Customer service — are the people easy to deal with?
Am I comfortable when contacting them?

Efficiency and effectiveness — can I afford to make
the product or buy the product? Do I know there is
value for the purchase or manufacture?
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Defects/errors or controls

If the information or data has the features needed:
= What controls ensure that the procedures were followed?
= Are all the data entered correctly into databases?
= Are the instruments reliable?

= What controls are in place to ensure mistakes are detected
and corrected?

= Do users understand that there may be an acceptable level
of error?

= Defects
= Data entry defects
= Software failures
= Downtime

Quality Components

= Features — does the product have the features or
characteristics that I desire?

n Defects/errors or controls — do the features work all
the time, are there are E{oblems or mistakes?

n Customer service —are the people easy to deal with?
Am I comfortable when contacting them?

n Efficiency and effectiveness — can I afford to make
the product or buy the product? Do I know there is
value for the purchase or manufacture?
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Example one — DIMENSIONS OF
SERVICE QUALITY Parasuraman 09.13.02

J -

Access

Communications

Competence

Credibility

Reliability

Responsiveness

Security

Tangibles

Understanding/knowing the customers

41

Example two — E-service Quality — Service
Vla the Internet Parasuraman??

T Access

Ease of navigation
Efficiency
Customization/personalization
Security/privacy
Responsiveness
Assurance/trust
Knowledge

Site aesthetics
Reliability
Flexibility

42
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Quality Components

Features — does the product have the features or
characteristics that I desire?

Defects/errors or controls — do the features work all
the time, are there are problems or mistakes?

Customer service — are the people easy to deal with?
Am I comfortable when contactigd them?

Efficiency and effectiveness — can I afford to make
the product or buy the product? Do I know there is
value for the purchase or manufacture?

Efficiency and effectiveness — can I afford to make the
product or buy the product? Do I know there is value
for the purchase or manufacture?

= Total resources needs

= Cost relative to projected costs
= Cumulative cost

= Cost per unit

= Work time needed

= Software design efficiency
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Information and Data States

Content — Does the information/data
include the content I need? Quality of
“content” comes from the processes that
produce the content.

Format — Is the data in a format I can
use? Map vs. table.

Function — Does the process to provide or
interact with the information and data
work well?

Possible categories for products

Science processes
= Environmental Measurement
= Environmental Technology

Hardware

Purchase
Installation
Configuration
Reliability
Maintainability

Software

Purchase

Plan, Design, Test, Maintain, Operate
Reliability

Maintainability
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Governance considerations

Products and services and the processes to produce products

and services may need to comply with:

= Administrative requirements
= FMFIA

= GPRA

= Peer review

= Products review
Information (CIO) “administrative” policy requirements

= Records management

= Privacy policy
= 508 accessibility

Information (CIO) “technical” policy requirements
« Data standards

= Configuaration requirements

= System Development Lifecycle

Information (CIO) system policy requirements

INFORMATION AND DATA QUALITY MATRIX

PRODUCTS

Basic quality areas

Features

Controls
defects

Customer
service

Efficiency
effectiveness

Policy
conformity

Environmental
Measurements

Hardware

Software

Info systems

Databases

Web site

Reports
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! A question to consider today

“What makes
data “usable”?

What makes data usable?

= Right content
= Right format
= Right functionality
= Authentic
s Accessible
= [ransparent
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Conclusion

Environmental measurement quality can be
viewed in terms of:

= STATES — content, format, function
= COMPONENTS - features, defects, efficiency

» FEATURE CATEGORIES - authenticity,
transparency, and usability

= SUPPORTING ELEMENTS - technology,
governance, and people/training

OFFICE OF
ENVIRONMENTAL
e | inrormaTion

Jeffrey Worthington — EPA
Office of Environmental Information
202-566-0997

worthington.jeffrey@epa.gov
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What Do You Do With Field Duplicates? Case Studies on
Usability Assessment and Application to Site Investigations

Stephen T. Zeiner, CEAC
wirommental Standards. Inc.

1140 Valley Forge Road, PO Box 810

Valley Forge, PA 10482

Telephone: 610-935-5577

Fax: 610-035-5583

Email: szemmer/@envstd.com

ABSTRACT

Field duplicate samples are frequently required quality control samples collected and analyzed as
part of field mmvestigations. The data generated from the analyses of field duplicates provide a
means to evaluate sample collection procedures, sample homogeneity. and analytical precision.
The process of collecting a field duplicate pair typically entails taking an aliquot of sample,
homogenizing the aliquot, and splitting the aliquot into two distinct samyples prior to shipment to
the laboratory. True field duplicates cannot be collected for volatile analvses because volatile
samples should not be homogenized. Some field teams, however, do not perform a thorongh
homogenization of field duplicate samples (especially solid samples) before subnuttal to the
laboratory; these samples are actually field replicates or even collocated samples. Field
replicates are samples collected from the same site at the same time and are not homogenized in
the field. Interestingly, field replicates, co-located samples, and field duplicates are typically
evaluated for data vsability by the same criteria.

Several re gulatory agencies {e.g., US EPA Remons I and IT) have established data validation
criteria for the usability evaluation of field duplicate results. The usability criteria across these
guidelines lack consistency and suggest the use of professional judgment for evaluating the
results when criteria are not provided. Furthermore, most data validation guidelines do not take
mto account the concentrations of the target analytes found m the field duplicate parr relative to
the sample reporting limit. Environmental Standards has developed criteria for the evalunation of
field duplicate resulis based on scrutiny of field duplicate results from thousands of projects that
mvolved a variety of matrices and methods while performing third-party data validation.

vironmental Standards has been mvolved in projects for which there was clear evidence that
field duplicate samples had been homo genized in the field before submuttal to the laboratory and
m projects for which there was no evidence that field duplicate samples had been homogenized
m the field before submittal to the laboratory. Project teams must determine how to utilize field
duplicate data when generating site models, when developing risk assessments, and for other
data applications.

Details regarding the field duplicate data usability assessment criteria developed by
vironmental Standards will be presented. In addition two case studies will be presented —

case studies that were significantly different relative to knowledge about field duplicate
collection and how this knowledge impacted the way that field duplicate data were utilized.

NEMC 2008 T
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INTRODUCTION

Two case studies mvolve sites in the Northeast where off-shore river sediments were
contaminated with PCBs, metals, and other constituents. The PCB data generated by samples
from both sites were loaded into enterprise-level relational databases used to guide remediation
planning and efforts.

The collection of field duplicate samples 1s a common cuality control measure as part of sample
collection schemes. For sample locations where field duplicate samples were collected, the
auther searched the puidance documents for how to most appropriately utilize the field duplicate
data. Regulatory guidance document mandates on the collection of field duplicates were
wdentified, but the same documents provided very little guidance on the assessment and
utilization of the field duplicate data. Furthermore. very few of the data validation guidance
documents provide critenia for the evaluation of the field duplicate results.

How to appropriately assess and utilize the field duplicate sample results 1s one of the challenges
that face the end data user. Variables need to be considered - how was the field duplicate
collected, how do the results compare, and will the use of the results bias the data set?

As with many site characterization efforts, field duplicate samples were collected and analyzed
over the history of both sites. Understanding the limitation and reliability of data is easily
accomplished through the assignment of a data quality objective for the field duplicates.

CASE STUDY BACKGROUNDS

For Case Study A, a river sediment characterization project in the Northeast, a private sector
company sponsored the collection and analysis of several thousand samples. These samples
were analvzed for PCBs, total organic carbon, dioxin/furans, and several metals. The sample
collection and processing were performed utilizing a standard operating procedure included in
the project quality assurance documents. The samples were analyzed by five different
laboratories under a single standard operating procedure for the preparation and analysis of the
samples meluded in the project quality assurance documents.

For Case Study B, a river sediment characterization for another project in the Northeast, multiple
private sector and regulatory entities sponsored the collection of several thousand samples that
were analyzed for PCBs and a vaniety of metals. The samples were analyzed by mmltiple
laboratories, but the majority of the saniples were analvzed by a single laboratory. The site for
Case Study B has several quality assurance documents; however, the sample collection, field
processing, analytical sample preparation, and analysis procedures were not mcluded m the
quality assurance documents,

FIELD DUPLICATE SAMPLE COLLECTION

Understanding the process by which the samples and specifically the field duplicate samples are
collected provides information for proper assessment and utilization. In Case Study A, the field
samples were collected via VibraCore™ and the samples underwent a rigorous homogenization.
In Case Study B. the field documentation did not inchnde sufficient detail to adequately

NEMC 2008 2
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understand the collection process; as a result, the project team was not able to determine how the
field duplicate samples were collected or if the samples had been homogenized.

In Case Smdy A, the field duplicate samples were collected and processed using the following
procedure:

Utensils used were properly decontanunated.

The sediment was mixed thoronghly while avoiding excess aeration.

Samples were mixed to an even texture and color.

Sample aliquots were split evenly, contamerized, preserved, and subnutted for analysis.

EVALUATION OF FIELD DUPLICATE RESULTS

While some data validation gmidance documents provide approaches to the evaluation of field
duplicate results, wide acceptance criteria are used (i.e., 100% relative percent difference [FPD])
and sample concentration is not considered an important vanable. Environmental Standards
thinks that when evaluating field duplicate results, it 15 important to carefully consider the
concentrations of the field duplicate samples relative to the quantitation linuts. Concentrations
that are closer to the quantitation limits are likely to be impacted by instmument variations and
“large differences™ (i.e., larger calculated EPDs) between the samples may not represent a truly
significant difference (see Tables 1 and 2 for examples).

Environmental Standards applied the following criteria for the evaluation of field duplicate
samples:

e Ifthe concentration of an analyvte in both samples is greater than or equal to 5-times its
cuantitation limit, the RPD between the results is used for evaluation. The RPD criterion
15 40% for solid samples and 20% for aqueous samples. If the RPD between the results 1s
greater than the quantitation lmit, results in the field duplicate samples are qualified as
estimated.

» Ifthe concentration of an analyte in at least one of the samples is less than 5-times its
quantitation limit, the difference between the results is used for evaluation. The
difference criterion 15 twice the quantitation limit for solid samples and the quantitation
lirmit for aqueous samples. If one of the results 1s a “not-detected” result, the quantitation
lirmit 15 used for comparison. The quantitation limit used for evaluation 1s the higher of
the two samples.

Table 1 presents some examples from the data collected as part of Case Smdv A The evaluation
criterion for the samples on Table 1 was that the EPD between the results should be less than or
equal to 40%. Samples 1 and 3 results demonstrate that sediment is a difficult matrix to
homogenize. Sample 2 results demonstrate that even samples that display seemungly large
absolute differences can be relatively sinmlar.

NEMC 2008 3
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Table 1: Case Sudy A: Examples of Field Duplicate Comparisons

NEMC 2008

Sample 1 Duplicate 1
Analyte Eesult QL Result QL RFD Dhfference
AR-1221 4500 200 3500 130 25.0% 1000
AR-1242 2600 200 1100 150 81.1% 1500
AR-1254 1100 200 1200 130 2.7% 100
Sample 2 Duplicate 2
Analyte Besult QL Result QL EFD Dhfference
AR-1221 27000 1400 39000 2000 36.4% 2000
AR-1242 24000 1400 33000 2000 31.6% L000
Sample 3 Duplicate 3
Analyte Besult QL Result QL EFD Dhiference
AR-1221 2400 420 4400 230 62 3% 4000
AR-1242 Q000 420 4800 230 60.9% 4200
Notes:

Concentrations 1n Ug'ke

AR - Aroclor

QL - quantitation limit

Table 2 presents some examples from the data collected as part of Case Smudy B. The criterion
used for the evalnation of the field duplicates on Table 2 was that the difference between the
results should be less than twice the quantitation bmit. These samples demonstrate that large
RPDs (= 40%) can be obtamed while the difference between the results 1s less than twice the

quantitation linit.

Table 2: Case Study B: Examples of Field Duplicate Comparisons

Sample 1 Duplicate 1
Analyte Besult QL Pesult QL EFD Dhfferemnce
AR-1242 2100 620 4000 1300 62.3% 1900
AR-1234 4100 620 5300 1300 25.5% 1200
AR-1262 2400 620 2100 1300 13.3% 30
Sample 2 Duplicate 2
Analyte Besult QL Result QL EFD Difference
AR-1262 3200 860 1900 380 51.0% 1300
AR-1268 1300 260 730 580 56.2% 570
Notes:

Concentrations 1n ug'kg

AR - Aroclor

QL - quanfitation limit

NEMC 2008
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UTILIZATION OF FIELD DUPLICATE RESULTS

The modeling programs used for the case studies allowed only a single value per collection point
and depth. Approaches to field duplicate data vse are listed below:

Use the average of the field duplicate results
Use the higher of the results

Use the lower of the results

Use the investigative saniple result only

The average of the field duplicate results may provide a fairly representative value for the site
location. For most projects, this approach worles well. If the process for the collection of the
field duplicates is poor and resulis i a significant vanability, the use of the average may not be
appropriate. For Case Study A, the field duplicate samples were well homogenized and the
average of the concentrations was used for the sample collection points with field duplicate
samples.

Table 3 provides the instial investigative sample and field duplicate results along with the
average and the value that was utilized. The author notes that in spite of the thorough
homogenization of the sediment samples, there was some variability m the field duplicate results.
For the majority of field duplicate patrs in Case Study A the average appears to be
representatrve of the samples. Samyples 4 and 5 demonstrate that even with a consistent and

thorough process, sometimes the matrix is highly variable.

Table 3: Case Study A: Example of Field Duplicate Results Disparity

Amnalvte Sample 1 Result Duphicate 1 Besult Average Ttlized
AR-1221 4500 3500 4000 4000
AR-1242 2600 1100 1850 1850
AR-1254 1100 1200 1150 1150
AR-1260 670 1200 933 033

Analyte Sample 2 Result Duplicate 2 Besult Average TUtilized
AR-1221 27000 39000 33000 33000
AR-1242 24000 33000 283500 28500

Amnalvte Sample 3 Result Duplicate 3 Besult Average Utlized
AR-1221 2100 2100 2100 2100
AR-1242 1500 1700 1600 1600
AR-1254 270 330 300 300

Analyte Sample 4 Result Duphecate 4 Besult Average Unlized
AR-1221 83000 11000 47000 47000
AR-1242 73000 2600 41300 41300

Amnalyte Sample 5 Result Duplicate 3 Result Average Utilized
AR-1221 8400 4400 £400 G400
AR-1242 Q000 4800 6900 6900

Motes:

Ceoncentrations in ug'ks

AR - Aroclor

NEMC 2008
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The selective use of the higher or lower result for the site locations would present a bias and the
data set selected may not necessarily be reflective of the conditions at the site. This approach
may be appropriate for projects for which the model 1s conservative or favors the use of “worst
case” SCeNArios.

The use of the mitial investigative sample results for sample data 15 a viable approach; however,
a concern for this approach is possible bias on the data. To test this theory, Environmental
Standards evaluated the frequency at which the concentrations of the initial investigative sample
were greater than the concentrations of the associated field duplicate for Case Study B. The
evalation indicated that the number of investigative samples with a higher concentration than
the associated field duplicate sample was not significantly greater than the number of field
duplicate samples that had a lugher concentration than the associated mvestigative sample. At
least for Case Study B, the use of the mitial investigative sample would not unduly bias the data
set. Table 4 provides examples of field duplicates for Case Study B.

Table 4 provides the initial investigative sample and field duplicate results along with the
average and the value that was utilized. The average was provided for comparison. In general,
the field duplicate samples for Case Study B displayved poor comparabiity. The consistent use of
the mitial mvestigative sample for this Case Study did not appear to present a bias. Historical
projects typically mvolve assessing the available data and making decisions based on that data
because there is no opportunity to redo the work. Environmental Standards would like to point
out that the data for Samples 4 and 5 were not utilized for the Case Study B because of the
extreme difference between the results.

Table 4: Case Study B: Examples of Freld Duplicate Results Disparity

Amalyte Sample 1 Result Duplicate 1 Result Average Utilized
AR-1242 1300 1000 1150 1300
AR-1254 72 520 620 120
Analyte Sample 2 Besult Duplicate 2 Result Average Unlized
AR-1242 2100 4000 3050 2100
AR-1254 4100 5300 4700 4100
AR-1262 2400 2100 2250 2400
Amnalyte Sample 3 Result Duplicate 3 Result Average Utlzed
AR-1262 3200 15800 2550 3200
AR-1268 1300 730 1015 1300
Analyte Sample 4 Result Duplicate 4 Result Average Utilized*
AR-1260 040 36000 18470 a40
Amalvyte Sample 5 Result Duplicate 5 Result Average Utlized*®
AR-1260 23000 840 11420 22000
Motes:

Concentrations in Ug'kg
AF - Aroclor

* - Results not wtilized for project.

NEMC 2008
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CONCLUSIONS

Data validation guidance for the evaluation of field duplicates provides wide acceptance criteria
and does not consider the important variable of sample concentration relative to the quantitation
limit. Proper field duplicate assessment must carefully consider the concentration relative to the
quantitation init. Proper field duplicate assessment mmst include considerations of the use of
the difference between the results for low-concentration field duplicate samples and the
calculated BEPD between the duplicate pair for higher concentration samples. Using judgment to
evaluate field duplicate data seems reasonable, but how can a basis for that judgment be acquired
when guidance is so varied? Environmental Standards thinks that foture data validation
muidance documents should mclude an assessment of the concentration of the samples relative to
the quantitation limit and should specify different critenia for assessment based on the
concentration.

Appropriate use of field duplicate data is not detailed in the guidance documents. Using the
average of the field duplicate results may not be the best approach for a site. If questions about
sample collection and homogenization procedures are raised, the average may not be
representative of the site conditions. For historical sites, understanding the process for sample
collection and homogenization s critical. As presented in the two case studies. determining how
to utilize field duplicate data can be difficult. Environmental Standards thinks that future
suidance documents should include information for the design, execution, and evaluation of field
data for environment projects.

Based on Environmental Standards™ expenience, field duplicate data use 15 not always
straightforward, and a site-specific approach 1s recommended. The case studies presented
demonstrate that interpreting field duplicate data 1= challenging  Project teams should be aware
that establishing standard operating procedures and mamtaining adecquate documentation can
mreatly increase confidence in and the utility of the field duplicate data on a project basis, and
establishing procedures for sample collection with the end vse of the data in mind can enhance
the reliabilitv of the data.
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! . XYou Do With Field Duplicates?

National Environmental
Monitoring Conference

Stephen T. Zeiner, CEAC |
AugUSt 13, 2008 @1—:}_\vluummmw\l,

STANDARDS

Coming Up...

What are field duplicates
How field duplicates should be collected
Usability evaluation

Four approaches to data use
Case study examples
Conclusions
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What is a Field Duplicate?

= Field duplicates are:
= quality assurance samples collected in the
field
= single sample split
= True field duplicates can be collected for
non-volatile analytes

= Field replicates or co-located samples
collected for volatile analytes (treated the

same as duplicates) :
(@ BN

/hat Do They Measure?

= Field duplicates measure:
= homogeneity of the matrix
= consistency of sample preparation
= consistency of sample analysis

ENVIRONMENTAL
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BW Should They Be Collected?

= Collection of samples is a very important
step in a project

= Simple process for field duplicate samples
= clean utensils
= mix thoroughly, avoid excess aeration
= mix to even texture and color
= gplit evenly

ENVIRONMENTAL
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= Usability Guidance

= Field duplicates not considered in most
guidance, most notably the National Functional
Guidelines.

= Some available.
= Region |
= Some Region Il documents

= Not consistent

= Region Il SOP HW-2 includes guidance but SOPs
HW-29 (volatiles 524 .2) and HW-45 (PCBs 8082A) do

not- o ENVIROMMENTAL
=L STANDARDS
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'-' sability Guidance (cont.)

Different criteria based on a concentration are not
typical

Results near quantitation limits may vary more
Use absolute difference near quantitation limit

Use RPD when sufficiently above quantitation
limit

ENVIRONMENTAL
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'_'_'ron mental Standards Criteria

= Both results > 5x quantitation limit:
= RPD < 40% for solids
= RPD < 20% for aqueous

= At least one result < 5x quantitation limit:
= Difference < twice quantitation limit for solids
= Difference < quantitation limit for aqueous

ENVIRONMENTAL
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Utilization of Data

= Only one concentration per point
= Four approaches for use:

= average of results

= highest result

= lowest result

= investigative sample result only

i ENVIRONMENTAL
Q STANDARDS

Utilization of Data

Average — may be most representative
Higher — will give a “worst case” view
Lower — will give a conservative view

Investigative only — needs to have the data
set reviewed to assess for bias

i ENVIRONMENTAL
Q STANDARDS
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Case Study A

River sediment characterization

Single sponsor

Northeast US

Thousands of samples, real time

PCBs, TOC, PCDD/PCDF, and Metals
Well-defined QA documents and procedures
Detailed sample collection documentation

ENVIRONMENTAL
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Case Study A

Aroclor-1242

Investigative: 2,600 mg/kg (QL = 200)
Field duplicate: 1,100 mg/kg (QL = 150)
RPD: 81.1%

Difference: 1,500

Met criteria? No

Result used: 1,850 mg/kg

ENVIRONMENTAL
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Case Study A

Aroclor-1221

Investigative: 27,000 mg/kg (QL = 1,400)
Field duplicate: 39,000 mg/kg (QL = 2,000)
RPD: 36.4%

Difference: 12,000

Met criteria? Yes

Result used: 33,000 mg/kg

ENVIRONMENTAL
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Case Study A

Aroclor-1260

Investigative: 670 mg/kg (QL = 67)
Field duplicate: 1,200 mg/kg (QL = 77)
RPD: 56.7%

Difference: 530

Met criteria? No

Result used: 935 mg/kg

ENVIRONMENTAL
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Case Study A

Aroclor-1242

Investigative: 73,000 mg/kg (QL = 3600)
Field duplicate: 9,600 mg/kg (QL = 460)
RPD: 153.5% TS
Difference: 63,400 00

Met criteria? No .
Result used: 41,300 mg/kg

ENVIRONMENTAL
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Case Study B

River sediment characterization

Multiple sponsors

Northeast US

Thousands of samples, historical data
PCBs and Metals

Poor QA documents and procedures
Terrible sample collection documentation

ENVIRONMENTAL
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Case Study B

Aroclor-1242

Investigative: 1,300 mg/kg (QL = 310)
Field duplicate: 1,000 mg/kg (QL = 300)
RPD: 26.1%

Difference: 300

Met criteria? Yes

Result used: 1,300 mg/kg

i ENVIRONMENTAL
Q STANDARDS

Case Study B

Aroclor-1242

Investigative: 2,100 mg/kg (QL = 620)
Field duplicate: 4,000 mg/kg (QL = 1,500)
RPD: 62.3%

Difference: 1,900

Met criteria? Yes

Result used: 2,100 mg/kg

i ENVIRONMENTAL
Q STANDARDS
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Case Study B

Aroclor-1262

Investigative: 3,200 mg/kg (QL = 860)
Field duplicate: 1,900 mg/kg (QL = 580)
RPD: 51.0%

Difference: 1,300

Met criteria? Yes

Result used: 3,200 mg/kg

ENVIRONMENTAL
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Case Study B

Aroclor-1260

Investigative: 940 mg/Kg (QL = 320)

Field duplicate: 36,000 mg/kg (QL = 3200)
RPD: 189.8% ‘.
Difference: 35,060 9 -
Met criteria? No

Result used: 940 mg/kg

ENVIRONMENTAL
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Case Study B

Aroclor-1260

Investigative: 22,000 mg/kg (QL = 3300)
Field duplicate: 840 mg/kg (QL 310)
RPD: 185.3% 8
Difference: 21,160

Met criteria? No

Result used: 22,000 mg/kg

i ENVIRONMENTAL
Q STANDARDS

Conclusion

= Field duplicate assessment and use are not
always straightforward.

= Better guidance is needed.
* Planning and procedures benefit data.

= Documentation allows for confidence with
historic data.

= Establishing acceptance criteria and utilization of
field duplicates during project planning is
preferable.

i ENVIRONMENTAL
Q STANDARDS
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Data Usability: A Small Town Case Study

June Flowers

Flowers Chemical Laboratories. Inc.
P.Q. Box 150-397

Altamonte Springs, FL 32715-05827
407-339-5084 ext. 212
une@flowerslabs.com

ABSTRACT

A small Florida town does a property transfer with a developer and approves a shopping center
to be constructed. The arrangement includes the city performing an environmental assessment of
the property that was the city maintenance vard housing a utility shed that stored pesticides. The
developer proceeds with construction, winle the low levels of organo-chlorine pesticide dieldrin
that were detected in temporary monitoring wells is bemng mvestigated.

INTRODUCTION

This 15 a typical small town case study. Years ago on city-owned property there stood 2 shed
vsed by the utilities department. This property is located in the center of downtown, and is a
perfect site for a shopping center and a parking lot. Developer “A” offers to redevelop and
purchase this property from the city, so soll testing was performed fo test for suspected
contanunants. Dieldrin was detected m excess of the Direct Exposure Soil Cleamp Target
Levels, (SCTLs) so the contaminated soil was excavated and removed. The suspected
contanunation source was the location where the utility shed stood. This particular area is now
beneath the new grocery store mferior meat cooler. The city authorized 35 temporary monitoring
wells be installed surrounding this <1 square acre property.

BACKGROUND

Developer B wishes to build 300 condominmims mcluding 40,000 square feet of retail shops and
restaurants, but since dieldrin was detected in the adjacent property, mnterested parties were
concemed, so soil bormgs and temporary monitoring wells continue to be tested to try and define
the source of the contamination and delineate the plume. Temporary monitoring wells were
placed around this site, and low detection levels of dieldrin was found on this property.

It is presumed that pesticides were applied to each of these properties i the past to eliminate
termites and other msects. The developer may not want to purchase the property from the city if
it is contaminated. The State of Florida Department of Environmental Protection (FDEP) has
concerns and requests for the environmental consultant to delineate the plume and determine the
extent of the contamination.

City staff and council representatives allocated public funding of $600,000-800,000. Four (4)
environmental consultant firms and eight (8) years later, the project continues with FDEP staff
holding the cards on how to continue moving forward.

NEMC 2008 1
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Dieldrin Facts:

Produced m 1948 to replace DDT

Banned m the 70°s due to toxicity studies

Neurotoxin

Linked to Parkinson’s disease

Prionty Pollutant for effluent monttormg (Clean Water Act)
Currently an “Unregulated” drinking water pesticide compound

e S e

Dieldrin Site Data:

In the 22 original wells that were monitored around the site. there was detection m 5 wells that
were confirmed on several sampling dates. Additional wells were constructed on the adjacent
property. A detection of 0.017 ug/L was the highest concentration detected on the city “shed”
site. On Developer “B's” property, 0.05 ugL was detected. but this is a sife where a strip mall
used to be, and likely had been treated for pests.

Table 1: Dieldrin Published Detection Linuts (DL)

REFERENCE DL (uzL)
EPA Method 505 0.012
EPA Method 508.1 0010
EPA Meathod 525 0120
EFA Mathod 608 0,002
FDEF GCTL 0002
FDEP Guidance PQL 0020

While there are several acceptable EPA published methodologies for detecting Dieldrin at ppt
levels, the SWE46 methods were used for the bguid-liquid extraction and GC/ECD analysis
(Methods 3520 and 8081). In order to detect down to the required 0.002 ug/L cleanup limit, the
methylene chloride extracts had to be concentrated. The only approved EPA method that
demonstrated a 0.002 ug/L detection limit 15 EPA 608, a packed column method written in the
early 1980°s for the Clean Water Act. The more recent versions of this analytical technique
generated studies of detection ranging from 0.010 to 0.120 ugL. Yet there are regulatory limits
requesting detection below the approved method capabilities. The levels detected in monitoring
wells at this site by concentrating the extracts are no higher than 0.050 ug'L, and as low as 0.017
ug'L. So, this typical small town is posed with the decision of spending more taxpayer dollars to
cleanup the site, or evaluate other mnstitutional control options that will be accepted by the
regulators and the new land owners. Since the concentration is higher on the neighboring
property, the city doesn’t want to continue paving for remediation. The plume is not migrating,
nor is the high concentration well downgradient from the city site. The strip mall most likely had
its own pesticide treatment in the 1950°s and 60°s, and it is not the city’s concern.

A new factor 5 introduced into the equation: a City Council member with environmental testing
experience, and a Ph.D. in chenustry. A complete review of the recent data generated revealed
that only the pesticide Dieldrin was bemng quantitated i the monitoring wells, since this is the
only pesticide that was confinmed mn the contaminated soil that had been removed from the site.
Several questions and concerns were raised the first was why 1s there a regulatory limut below
current FPA approved method detection linuts? Toxicology studies and equations by
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statisticians are responsible for several unrealistic detection goals for the monitoning of organic
compounds. The regulatory ruling on this project was that since the initial laboratory results
reported to the Groundwater Cleanup Target Level (GCTL) of 0.002 ug/L, and there was
detection above this Bmit, 2 ppt must be achieved for all subsequent sampling events. This being
the case, 1t was later learned that FDEP QA had published practical quantstation gnidance limits
for projects that could not aclueve the published SCTLs and GCTLs, and the Dieldrin guidance
PQL is 0.020 ugL. This PQL is 10 times higher than the GCTL, so the very 1% ground water
detection would have been less than this limit. Unfortunately, the FDEP QA PQL had never
entered in to the equation for this project.

The next discussion thought was to consider that the dieldrin peaks were actually chlordane
breakdown since there were other peaks on the sample chromatograms that appear in the
chromatograms for the calibration curve for chlordane. Since chlordane was not detected m the
mitial monitoring of this project, no one ever considered evaluating it in new areas around the
site. EPA method criteria were met by the GC/ECD analvsis to call it Dieldrin, and it had been
proven that the extraction and analvtical scheme could detect these low levels. The new
argument raised is that there 15 no scientific certainty that it is dieldrin because the concentrations
are too low for GC/MS confirmation.

This project is comung to fruition and with new kmowledge of a 0.020 ug’L mwdance PQL and
the reasonable doubt that the peaks detected could have actually been remmnants of chlordane, the
city may have spent its last dollar on this site. The decision bemng presented is to use the deed
restriction approach to save time and city taxpaver dollars.

Institutional Controls mchade:

¢ Deed restriction never to place a potable or non-potable well on-site;

o Ifthere was a well although it may meet drmking water standards, 1t will not be
permutted to use the water for mrigation.

City staff are not educated to question the suggestions and recommendations of the many
consultants, especially regarding detection levels. Could the dieldrin peaks at this low
concentration actually be chlordane? Must state clean-up standards be the sole source of
direction for projects? Sometimes cleanup is not the right option. That is why other avenues are
available. At this level of detection, laws allow you to drink this water, but not discharge it back
on the ground.

CONCLUSIONS

Municipalities across the country are making decisions to redevelop properties that are public
and privately owned. Due to State budget cuts, many cities in Florida are struggling to maintain
the high level of services their citizens expect and deserve. The typical City Manager and staff
are not always well versed i environmental regulations and often depend on consultation from
environmental specialists. It is difficult to find consultation that is versed in every possible detail
that could arise on a specific project. Thousands of dollars can easily be spent due to a simple
error or omission of knowledge. It 1s imperative to research all possible scenarios before making
a decision to clean up a suspected contammated site.
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Site Information

* <] square acre property

* Shed area - suspected contamination source, is
now under a grocery store interior meat cooler

* Dieldrin had been detected in the soil above
FDEP Soil Cleanup Target Level (SCTL) so
the contaminated soil was excavated and
removed.

* Developer B wishes to build 300 Condos +
40000 SF retail shops/restaurants on adjacent
property.

NEMC / TNI August 2008
Flowers Chemical Laboratories

Contamination Identified

* Temporary monitoring wells (35) were
placed around the site, and now low
level detection of dieldrin was found
away from the shed area.

* Interested parties were concerned, so
further studies were performed to define
the source and delineate the plume.

NEMC / TNI August 2008
Flowers Chemical Laboratories
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Discussion

* It 1s obvious that pesticides were used in the past
to eliminate termites and other insects.

* The developer may not want to purchase this
property from the city if it is contaminated.

* FDEP has concerns and requests for the

consultant to delineate the plume and determine
the extent of the contamination.

* City staff and council are concerned about the

cost of the ongoing monitoring and clean-up.
($600-800K)

NEMC / TNI August 2008 5
Flowers Chemical Laboratories :

Dieldrin - Chlorinated Hydrocarbon
_—

* Produced in 1948 to replace DDT

*Banned in the 70’s due to toxicity studies
— Neurotoxin

— Linked to Parkinson’s disease

* Priority Pollutant for effluent monitoring
(Clean Water Act)

*Now on the “Unregulated” drinking water
pesticide list

NEMC / TNI August 2008 6
Flowers Chemical Laboratories

159




NEMC 2008

% Dieldrin Detection

* Of the 22 wells around site A, there was
detection in 5 wells that was confirmed on
several sampling dates. Additional wells
were constructed on adjacent property.

*(0.017 ug/L was the highest concentration
detected on the city “shed” site A.

*0.05 ug/L was detected on the adjacent
property where a strip mall used to be.

NEMC / TNI August 2008
Flowers Chemical Laboratories

X~ New Data User Arrives

*New City Councilman with environmental
laboratory experience gets involved

*Requests data package - only gets most
recent (project began 3 years and 4
consultants prior)

* Concern about detection level is raised and
reviewed

NEMC / TNI August 2008
Flowers Chemical Laboratories
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Who's Dieldrin is this?

* Since the concentration is higher on the
neighboring property, the city doesn’t want to
continue paying for remediation.

* The plume is not migrating, nor is the high
concentration well down-gradient from the city
site.

* The strip mall most likely had its own pesticide
treatment in the 1950’s and 60’s, and it is not the
city’s concern.

NEMC / TNI August 2008
Flowers Chemical Laboratories

Options for Resolution

* Continue to clean-up the ‘plume’ (est. total
mass to be 0.114 grams with >$1MM
devoted to clean up, may not be enough.

* Use Institutional Controls:

— Deed restriction to never place a potable well
on-site.

— If there was a well, it may meet DW standards
but you are not permitted to use the water for
irrigation.

NEMC / TNI August 2008
Flowers Chemical Laboratories
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. Data Review

* City staff are not educated to question the
consultant regarding detection levels.

* Could the dieldrin peaks at this low
concentration actually be chlordane?

* Must state clean-up standards be the sole
source of direction for projects?

NEMC / TNI August 2008
Flowers Chemical Laboratories

: W FDEP Guidance PQOL

* Over the course of the project, the State
Lab published a guidance document for
evaluating data at the SCTL and GCTLs

* The Dieldrin guidance PQL for ground
water is 0.020 ug/L.

* Original detection was below this (0.017)
* Unable to introduce this new information

NEMC / TNI August 2008
Flowers Chemical Laboratories
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UCMR2 — Lessons Learned in Year 1

Andrew Eaton and Linda Geddes
MWH Laboratories

750 Royal Oaks Drive #100
Monrovia, CA 91016
626-386-1125

andrew.d.eatonfus mwhglobal com

ABSTRACT

2008 marked the beginning of monitoring for the USEPA mandated drinking water Unregulated
Contaminant Monitoring Program (UCMRZ) that requires analysis of Pomnt of Entry samples for
up to 20 contaminants using 5 different methods and distribution system analysis for
nitrosamines. With the experience gamed through analysis of up to 50 samples per week for
each of the UCME2 methods, it 1s possible to use experience from year 1 to help labs and
utilities i vears 2 and 3 of this program. Most of the methods have proved to be relatively
robust, but the program is complex and not without “15sues”. that range from educating lab staff
on the program details to ensuring that utilities are clear on the field requirements.

INTRODUCTION

UCME. was conducted from 2001 to 2005 to provide national data on contaminant occurrence
that might be wsed to determine what analytes to regulate in drinking water. EPA used the
mformation on study design and implementation from UCKMEL to make improvements for the
UCME2 program, for which monitoring commenced in Janunary 2008 and will continue for a 3
vear period. MWH was heavily mvolved m TUCME] monitonng and is also one of the larger lab
participants in UCME2, analvzing as many as 30 or more samples per week under this program.
There are a number of changes in UCMR2 compared to UCME] that impact both laboratories
and utilities and were designed to ensure a more rigorous set of quality standards for data. This
paper discusses those changes and experience with implementation. We can also compare
UCMEL and TTCME2 with respect to improvements in the design of the program from a “user”
perspective. Lessons include a) database issues for SDWARS/CDX information and uploads; b)
sample collection issues relating to COCs, adequate sample volume for required matrix QU and
appropriate preservation and finally ¢) issues with each of the UCME2 methods in terms of
blanks, spike recovery concentrations and variability, and general sample processing issues.

LABORATORY APPROVAL

In UCME], the only method that required specific EPA certification was perchlorate. In

5335). This process required a) submittal of IDOC. MDL, and LCMEL determination for each
method to an EPA contractor; b) completion of SOPs; ¢) development of a UCME2 specific
QAPP; d) review of selected raw data by the contractor; and e) passing a PT sample for each
analyte. This rigorous screening process led fo a very limited number of labs bemng approved for
several of the methods. The trend i lab approval time line reflected the relative complexity of
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the different UCKME2 methods. Initially a large omumber of labs were approved for method 3252,
with a somewhat smaller oumber approved for 527 and 529 (traditional GCMS methods). Tt
required 5 rounds of PT samples before a reasonable number of labs were approved for methods
535 and 521, the most complex methods. The difficulty of going through the approval process
was illustrated by the fact that only about 5 labs nationwide were approved for all methods
through the first 2 rounds of PT samples.

SDWARS/CDX SYSTEM AND SAMPLE POINT SELECTION

Although the SDWARSCDX system was used by utilities in TCMEL, there were relatively
extensive changes implemented for UCME2. Cne key element of UCME2 was the ability for
utilities fo reduce the number of sampling pomts through representative groundwater monitoring
plans. Although simple in concept, utilities varied in their ability to take advantage of this
opportunity. Setting up sample points in the data svstem was relatrvely simple once the system
was understood. Unfortunately EPA mitially populated the system with all potential sample
points from various state databases so some utilities (e.g. ones with very large numbers of POEs)
had to spend a lot of time marking particular sites as not applicable, or alternatively for states
that have sample collection before disinfection (not an option m UCMEZD), utilities had to create
new sample points i the system. Because there was not a consistent sample identification
scheme, labs working with nmltiple utilities have had to sometimes “imterpret” a utility’s sample
location identification to ensure that the proper tests are performed (e.g. the distribution system
sample point ONLY gets method 521, but some utilities did not consistently identify the
distribution system pomnt — leading to potential extra analvses).

Seemg the niyriad of variations applied by utilities in the SDWARS database leads to both
recommendations for more consistency in the next round and also for ways utilities can help
themselves and labs i the next few vears of monitoring under UCME2.

STARTUP ISSUES

For SDWAERS/CD, the biggest issues relate to misidentification of sample pomt ID and
missing sample event mformation for large systems which creates problems with the upload.

The upload file itself is nmch simpler to create than the UCMEI file, and this has already
minimized errors at the back-end. Direct notification of utilities when uploads are completed is
also positive. For sample collection, clear mstructions, getting all required information and
ensuring collection of extra volume for MSMSD and rechecks is critical. There have been cases
where utilities have apparently rinsed out the preservative, requiring recollection. If this happens
to be a 335, simultanecus recollection of 5325 1s needed, creating both laboratory and field issues.
Confirming preservation 1s critical for many of the methods and early on we switched to test
strips when false positives using DPD powder occurred.

In the lab we expected the most problematic methods to be 527 (dimethoate recovery on high
level spikes is problematic but can be overcome by use of multiple disks) and 521 due to frace
blank levels for several nitrosamines. However m reality the biggest method problem appears to
be EPA 535, the LC-MS-MS method. Careful transfer of extracts is critical and we switched
from adding mternal standard in the extraction department to adding it just prior to mjection. We
have found that calibration every dayv that samples are analvzed is necessary or reruns may be
needed. Since the MRL Check nmst be within acceptance criteria calibration type s also a
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factor. The HPLC colunms have a limited life span and nmst be changed every 100-200
mjections, depending on the matrices.

LESSONS LEARNED

In order to upload data correctly the utility must be registered and the PWSID, Facility ID,
Sample Pomt ID, and Sample Event nmst be accurate. While data can be corrected after entry to
the CDX it is not an easv process. The utility can send the data back to the lab for correction, but
once it gets beyond the utility there is no mechamsm i place for the lab to correct the problem.

The UCME2 Cuality Assurance Manual requirements are tighter than the method requirements,
mmposing stricter QA/QC than we had originally planned for. MEL Checlks, which were not part
of the methods, are required and must pass for data to be reported. Also, if samples were Not
Detected, the methods would allow the closing calibration check to be out high. This 15 not the
case for UCMER2; all calibration and method reporting level checls mmst be within acceptance
criteria. All of this information had to be fransferred to the laboratory staff to ensure that
program requirements were met throngh meetings with each department.

While we tnied to prepare by analvzing test samples m 2007, the amount and frequency were not
sufficient to truly hone the methods i our laboratory for daily use. Practice does make perfect!

CONCLUSIONS

UCMEZ2 requires the use of 4 analytical methods that had not previously been widely tested
(521, 527, 529, and 535), along with one tried and true method (525). Each of the new methods
was developed by EPA specifically for the UCME2 program. Two of them 521 for
nitrosamines and 535 for pesticide degradates, involved relatively new (for the environmental
testing world) technologies — GCMS with chemical ionization and LC-MS-MS. UCME2 also
mtroduced the concept of LCMEL to the laboratory world. In spite of the challenges of using
relatively untried metheds, UCMEZ in year one has been marked more by successes than by
failures. The method that most laboratories anticipated to be problematic (521) has been
relatively trouble-free, even though it 1s measuring part per trillion levels of nitrosamines.
Method 527, while anecdotally a problem in some labs, has proven to be relatively robust.
Method 529 has been challenging for some 1abs, but not a major issue. The biggest problem area
appears to be with method 335, the LC-M5-MS method, with some mconsistent recoveries.
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UCMR2 — Lessons
Learned in Year 1

Linda Geddes
Andrew Eaton
MWH Laboratories

UCMR2 Methodology

= Method 521 - Nitrosamines by
@IVAISTASS

s Method 525.2 - Acetanilide
Pesticides by GC/MS

= Method 527 - Flame Retardants by
GC/MS

=« Method 529 - Explosives by GC/MS

= Method 535 - Acetanilide Degradates
by LC/MS/MS
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Laboratory Approval Process

= Rigorous Application Process
= Submitted

e IDOC (Initial Demonstration of Capability)
e MDL (Method Detection Limit)

e LCMRL (Lowest Concentration Method
Reporting Limit)

Determinations for all methods

LCMRLs

Much more rigorous than “MDL”
EPA 815-R-05-006, November 2004

“The LCMRL considers both accuracy
and precision in analytical
measurement, and is based on linear
regression of multiple concentration
replicate data and a 99% prediction
interval around the regression line.”
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Example LCMRL Data

VWLS Plot of True vs Measured Concentration

—— Regression
[| ——- Lower/Upper PI
|| =~ 50%- 150% Recovery

LCMRL =1 ng/L

Measured Concentration ng/L

True Concentration ng/L

Laboratory Approval Process

= USEPA sent out Proficiency Test
samples

= MWH Wrote Standard Operating
Procedures (SOPs)

= Developed UCMR?2 specific QA Project
Plan March 2007, revised July 2008
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Laboratory Approval Process

= USEPA conducted several paper
audits — checking calibration data,
=ic,

= On-site audit conducted December
2007

= More Proficiency Test samples and
2"d on-site audit August 4-6

Laboratory Approval Process

= A lot of labs are approved for the
GCMS methods 525.2, 527, 529

s It required 5 rounds of PT samples to
get 10 commercial laboratories and 4
water utilities certified for all 5
methods (and most did not get
certified till round 4 or 5).
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MWH Certification History

Application Dates:

= Method 521 - November 15, 2006
Method 525.2 - December 5, 2005
Method 527 - March 9, 2006
Method 529 - December 5, 2005
Method 535 - July 21, 2006

Full approval granted January 12, 2007

SDWARS/CDX Sample Point
Selection

= Database initially populated with all
potential sample points
e Utilities with lots of POEs had to spend
time reviewing and consolidating where
possible

e DSMRT points were identified, not
necessarily in a 1:1 ratio to the Entry Pt

e Some were pre-disinfection and could
not be used for this program

= To0O many samples collected?
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CDX Inventory Issues

= Assisted clients to complete
Inventories

= Not all clients were registered!
= Clients sampled, but didnt need to
= Sample IDs did not match CDX

= Sent inventory lists with bottle
requests to get correct IDs

Start Up Issues — 521
(the biggest development
challenge)

= Long method development time -
tried to use Methanol as CI agent but
could not get consistent results

= Acetonitrile was finally used with O-
ring stability problems

= [ssues with parent/daughter ratios
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Start Up Issues

= 525.2 - was already in full production
for all analytes

s 527 - had to use 2 disks during
extraction process due to
breakthrough

s 529 - modified GC temperature
program for better peak shapes

Start Up Issues

= EPA Method 535 turned out to be a
bigger challenge than was originally
thought

s Purchased new instrument due to need
for gradient HPLC system

= Trained backup personnel essential

= Adding Internal Standard at the
Instrument rather than immediate post
extraction
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Start Up Issues (535)

= Daily calibration required

= Watch the calibration type so that
the MRL Check passes

e We saw as much as 10% difference
depending on the curve type

s Instrument was used for other
methodology and had to be changed
out

Preparation for UCMR2

» Developed capacity plan in extractions
and instrumentation with primary and
backups assigned (people and
equipment)

» Identified and scheduled key clients to
keep the workload at manageable levels
(or at least to try....)

= Prepared detailed sampling instructions
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Preparation for UCMR2

= Strategized bottle count and
preservatives

= Purchased pre-preserved
containers to improve efficiency

= Created UCMR specific COC
documents

L essons Learned

= CDX Inventory

= Verifying Preservation

= Reporting

= Data Quality

= Electronic Data Upload Glitches
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CDX Inventory

= The utility must be registered

= The PWSID, Facility, Sample Point ID
and Sample Event data MUST be
correct

Database notifies utility via email

when data is available for review -
hopefully this is the right person

CDX Inventory

= The utility can send it back to the lab
if errors occur but this process is
extremely time consuming

s The lab doesn’t know who sent it back
or why unless they are notified by the
utility

= CDX is extremely slow and may
disconnect you before you can fix data
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Verifying Preservation

s Method 521 - sodium thiosulfate
= Method 525.2 - sodium sulfite, HCI

= Method 527 - ascorbic acid, EDTA,
Potassium dihydrogen citrate

Verifying Preservation

= Method 529 - CuSO, with Trizma

s Method 535 — Ammonium
chloride

= Purchased a chlorine meter due
to color issues from copper
sulfate (concern over false
positives)
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Reporting

= Method 521 - we report in ng/L due to
California requirements, but UCMR2
regulations require ug/L in reporting and
uploads

= All other methods in ug/L

= When sample ID is changed to match CDX
or a Sample Event is corrected a revised
report is generated per NELAC
requirements

Data Quality

Surrogate recoveries must be
between 70-130% for all samples or
resampling is required for UCMR2.

While the methods state that closing
Continuing Calibration Verifications
may be out high if the samples are
“ND,” the UCMR QA Manual does not
allow that practice.
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Data Quality

Batch Method Reporting Limit Checks
are not included in the methods as
written

They are included in the ‘Manual for
the Certification of Laboratories
Analyzing Drinking Water - Criteria
and Procedures Quality Assurance -
5th Edition’

Required for this program

Data Quality

Mostly extraction issues

Method 521 - Extraction — Recovery
issues in control samples, low surrogate,

blank contamination (a lot fewer problems
than we actually anticipated)

Method 527 - Extraction - low surrogate,
residual chlorine issues

Method 529 - Extraction - low surrogate
recovery, cracked vial
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Data Quality

= Method 525.2 - Only 1 surrogate
failure so far, but because 535/525.2
are dependent methods, both have
to be recollected when either fails

= Method 535 - Extraction - low
surrogate, training issues

% Resamples- The Impact of
Training and Experience

T T

527 529 525.2 535
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Electronic Data Uploads

= No delays - Database ready to go
= Format requirements were not clear

= Errors might have been identified
through a practice upload

= MWH currently using a 2 week delay
to allow PWS to review data for
errors prior to upload to CDX

Electronic Data Uploads

= Utility must be registered to the lab

= Facility and Sample IDs must be
correct

= Time consuming to update just the
Sampling Event if an error is made

= Not easy to find out what data is
being returned by the PWS to the
laboratory
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Electronic Data Uploads

= CDX sends an email if the file fails
with a probable cause described

= If samples were spiked below the
reporting limit the data will not
upload

Conclusion

» UCMR2 is a complex project, with many
opportunities for “issues” but there
haven’t been as many as one would
have expected.

= Methods are more rugged than
originally seen during development -
except 535 - practice makes perfect

= The program is not ‘glitch free’
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Contact Information

= Linda Geddes
linda.geddes@mwhglobal.com

= Andrew D. Eaton
andrew.d.eaton@mwhglobal.com
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Uncertainty - A Laboratory Viewpoint

Robert Di Rienzo
DataChem Laboratories, Inc.
960 West LeVoy Drive

Salt Lake City, UT 84123
801-268-7700
dirtenzo@datachem. com

ABSTRACT

Uncertainty 1s associated with results obtamned m the laboratory testing activities. It is
meaningfil to estimate the extent of the uncertamnty associated with each result generated by the
laboratory. It 1s also useful to recognize that this measurement uncertainty is likely to be much
less than that associated with sample collection activities.

In practice, the uncertamty of a result may arise from many possible sources. The relative
contribution of major sources of error and the approach adopted by the laboratory to estimate
uncertamty results in the conclusion that many sources of error are nsignificant compared to the
processes of sample preparation, calibration, and mstrumental measurement. The uncertamty
associated with these processes can be estimated from quality control data.

Other sources of error are associated with the sample matrix. Laboratory sub-sampling error 1s
not captured by the use of quality control data and can be siguificant. How a lab approaches sub-
sampling may significantly mmpact decision making,

INTRODUCTION

Measurement uncertainty narrows down the difference between the actually measured value and
the true value. The result of a measurement comprises two parts: an estimate of the true value
and the vncertainty of this estimate. Every measurement has a degree of uncertainty associated

with 1t. The wncertainty derives from the measuring device and from the skall of the person
doing the measuring.

DEFINITIONS

Random errors are statistical fluctuations (in either direction) in the measured data due to the
precision hmitations of the measurement device. (Type 1)

Systematic errors, by contrast, are reproducible inaccuracies that are consistently m the same
direction. (Type 2)

NEMC 2008 i
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PROCEDURES FOR ESTIMATION OF UNCERTAINTY

Analytical Uncertainty

Sources of Ervor in the Analytical Procedure

Mass:

Purity:
Volume:
Temperature:

Atomic
Weights:

Calibration
Standards:

Pressure:
Standardization
Process:

Instnumentation
Sensors:

Both analytical balances and the weights used for verification of
performance.

The purity of material can be a factor if used to prepare QC samples
Volumetric measurements using volumetric flasks, pipettes, and burets.
Devices used for the measurement of temperature.

The uncertainty of published atomic weights can contribute to total,
combined uncertamty m processes in which atomic weights are used for
calculations contributing to the generation of results.

Calibration standards frequently have published (provided) uncertainties;
these are generally 0.5 — 1% for solution standards and nmich less for solid
standards.

Pressure s rarely a factor in analytical chemmstry measurements

The standardization process for most instmumental analyses introduces
uncertamiy becanse of the mexact nature of the process.

Sensors have uncertainty because of lack of stability.

The 9-Step Process for Estimation of Uncertainty in an Analytical Procedure

Step 1:

Identification of major sources of uncertainty for applicable types of laboratory

measurements.

Step 2

Determunation of the type of the error associated with each major source of

uncertainty.

Step 3

Step 4

Estmimation of the extent of the error of each major source.

Conversion of the estimate of error for each major source to a standard uncertainty

using the estimated distribution for each source.

Step 3

Step 6

Calculate square of each standard error.

Estimation of the combined, total uncertainty by combining the square of the standard

error for all sources of error.

NEMC 2008
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Source Estimate of  Type of Standard Error Sguare of the Stamdard

Error Error Error

Ilass 0.03 1 0.03 00005

F_."l:-l'.;m.e 005 1 0.035 00023

[Tenperature 0.012 1 0.012 0.0001

[Calibraton Standards 1 2 0.5 0.25

A tomic Weights 0.02 2 0.01 00001

E:_l‘iizdm““ 3 1 3 9.0

[Pty 0.1 2 0.035 0.0025

jCombined Uncertainty: 9.26

Step 7: Identification of sources of uncertainty of significant importance and of insignificant
mnportance. The Standardization process, which includes mstrument calibration and
measurement of samples. 15 the most significant factor contributing to error.

Step 8. Estimation of error solely from significant sources (The msignificant sources of error
are not ncded in this estimation ) Estimation of error from the standardization
process can be assessed using the Cuality Control Samples (Historical Control Limits).

Step @ Calculation of expanded uncertainty based only on significant sources of error

Result (1 =259

Mote: Sr1s the relative standard dewviation (expressed as a fraction) calculated from the
pertinent quality control results. Using 2 Sr expresses the 95% confidence mterval

Sample Preparation Uncertainty
Sources of Error in the Sample Preparation Procedure (SOILS)
Compositional Heterogeneity: Size, shape. physical/chemical properties of particles

Distributional Heterogeneity: Spatial grouping clumping of particles—Stratified segregation of
particles

Compositional and Distributional Heterogeneity

NEMC 2008
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The Process for Estimation of Uncertainty for Sample Preparation Procedures
The laboratory sub-sampling strategy must be determined from the systematic project planning.

It must be consistent with the project data quality objectrves and addressed in the Sampling and
Analytical Plan.

ASTM D 6323 Table 1 — Limitations and Advantages of Sample Preparation Options

Instruction Limitations Advantages
Femove artifacts, such as 1) Mav bias analvtical results by | 1) May be easier to subsanmple.
rocks and twigs, from the altering contanynant 2} May be easier to analvze.
sample prior to sub-sampling, concentration 3) Appropriate 1f the target pepulationis
2 Mav bias sample 1f results are material manns artifacts.
not properly weight averagad.
Cav sanple Dlay alter chemusoy or changs 1) Allows for consistency of sub-sanpling
stability of some compounds. for liqud/solid nuxtures.
2} Amalvtes reported unbiased by meoishwe
content.
Feduce particle size 1) Increasing swizce area may Allows for consistency of sub-sampling.
affect data 1n zome procadurs
with particle digestion or
exfraction.
2 May be difficult, depending on
na i

CONCLUSIONS

A laboratory must have a procedure on estimating vncertamty in analytical procedures. The
procedure will help to understand the contributions of each step in the analyvtical process. On the

other hand the sample preparation instructions st be given to the laboratory for each project
that 1s consistent with systematic project planning and data quality objectives.

Sources of Error for Total Uncertainty

Fizld Sanpling and Sample Design Up to 1000%'

Sample Preparation J0% of Sampling Error?
Froportionzl
Anzlysis 205 to 20%!

1 - Industnal Waste Dumps, Sampling and Analysis, Encvelopedia of Analyvtical

Chanustry, 2000

Up to now, the estimation of uncertainty efforts has been a laboratory issue and has helped to

mnprove laboratory performance by understanding the components of vncertainty. The fact of
the matter is that analytical uncertainty 15 really insignificant when compared to the total
measurement uncertanty.
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Utilizing Laboratory Information Management Systems
(LIMS) to Optimize Laboratory Performance and Enhance
Data Usability with a Web Portal to the LIMS

Chuck Hindbaugh

Accelerated Technology Laboratories, Inc.
496 Holly Grove School Rd

West End, NC 27376

010-673-8163

ABSTRACT

In today’s fast paced laboratory environment it is not only essential that data be avaiable quickly
to the customer the data integrity and usability are equally important. LIMS (Laboratory
Information Management Systems) databases are designed to aid the laboratory in all aspects of
sample analyses by helping with QA/QC, regulatory compliance, as well as accreditation
requirements. Tasks associated with samples, from scheduling to disposal, benefit throngh the
entire process when using a well implemented LIMS.

A LIMS uiilizing Flectronic Data Transfer (EDT) from the mstmimentation eliminates the re-
typing of data and reduces the chances of data entry errors. When that same LIMS is linked to a
web based portal the advantage of customers having access to their data and the status of the
samples m a real-time interface, access to linked files, pdf reports and chain of custody forms.

This presentation will review how a properly mtegrated LIMS system with a Web Portal can
automate routine tasks as well as streamlme some of the more cumbersome tasks. Benefits from
such a system mchide:

Automation of sample login with the use of automated scheduling.

Efficient sample tracking in the laboratory.

Increased data accuracy using data transfer mto the LIMS.

Timely and accurate reports automatically generated from the database.

With the use of a web portal customers can check the status of their samples and even
view prelinunary results at anytime and print reports.

¢ Customers have access to all their data when they need 1t.

¢ Ease in creating EDD (Electronic Data Deliverables) packages for customers.

Attendees will walk away with a basic vnderstanding on how a properly integrated LIMS can
merease the overall efficiency of a laboratory, optimizing resources and maximizing
profitabality.
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Utilizing Laboratory Information
Management Systems (LIMS) to
Optimize Laboratory Performance and

Enhance Data Usability with a Web
Portal to the LIMS

August 14, 2008

Charles Hindbaugh
Accelerated Technology Laboratories Inc.

GOLD CERTIFIED Your LIMS and Laboratory Autormation Solutions Provider

_Partngr S : :
EM06 Aocelerated Technology Laboratones, Inc. All Rights Resared.

Introduction

Reduce data input time

Eliminate errors

Streamline data retrieval

Track sample custody in the laboratory
Give customers the ability to access data
Report data in a timely manner

Your LIMS and Laboratory Automation Solutions Provider
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é@m Key Elements of a LIMS

e

SAMPLE S, R MASTER’

e Sample Tracking P FIF %
eData Entry i
¢ Sample Scheduling

» QA/QC

e Electronic Data Entry

¢ Chemical/Reagent Inventory

¢ Personnel and Equipment
Management

¢ Time Tracking

¢ Customer Relationship Management
¢ Maintenance

Your LIMS and Laboratory Automation Solutions Provider

Automating Sample
Login

= Accurate sample login is essential.

» The ability to automatically login
reoccurring samples cuts down on login
time.

Your LIMS and Laboratory Automation Solutions Provider
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o Sample Tracking

[Z==Technology

LACOMTORIES 14,

» Keep sample custody chain intact
= Know where samples are

Your LIMS and Laboratory Automation Solutions Provider

. éﬂccehmeﬂ D d ta E n t I'y

» Transferring large amounts of data is a
daunting task.

» Manual typing of data increases the
chance of errors.

» Finding transcription errors can be time
consuming and frustrating.

Your LIMS and Laboratory Automation Solutions Provider
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émmm Electronic Data Transfer

¢ Reduce transcription errors.
¢ Increase throughput.

¢ Avoid duplication.

e Increase accuracy.

¢ Hundreds of instrument files
have been integrated with
Sample Master® Pro LIMS, for a
partial listing visit our web site.
e ROI typically within 1 year.

e Enhance productivity.

Your LIMS and Laboratory Automation Solutions Provider

Reporting

= |s the report reader friendly?

» Does it contain all the necessary
information?

* Proper data handling = Useable report

Your LIMS and Laboratory Automation Solutions Provider
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ém& Automated Reporting

= Not limited to just final data reports.
» Eliminates some of the daily routine tasks.
» Reduces Turn-Around-Time.

* The demands to deliver data electronically
are increasing.

Your LIMS and Laboratory Automation Solutions Provider

Customer Access

= Ability to attach reports, Excel files, EDDs,
and any other document desired

= Ability to search by sites

= Ability to access data and sample status
2417

Your LIMS and Laboratory Automation Solutions Provider
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Accelerated

= Customer Access

LACOMTORIES 14,

= Ability to attach reports, Excel files, EDDs,
and any other document desired

= Ability to search by sites

= Ability to access data and sample status
2417

Your LIMS and Laboratory Automation Solutions Provider

LIMS Automation Overview
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Your LIMS and Laboratory Automation Solutions Provider
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The following are a few of the Overall LIMS Advantages
that a laboratory water/wastewater facility can realize:

= Reduced turnaround times

= Automated reporting for state agencies (EDDs)

= Reduction in paperwork

» Improved data quality (reduction in errors)

= Improved operational efficiency

= Increased productivity (reduction of mundane tasks)
= Productivity gains (auto-reporting)

= Integration with other departments/business systems

Your LIMS and Laboratory Automation Solutions Provider

Contact Information

Chuck Hindbaugh
Accelerated Technology Laboratories, Inc.
496 Holly Grove School Rd
West End, NC 28387

Phone: 800-565-LIMS (5467)
Email: chindbaugh@atlab.com

Your LIMS and Laboratory Automation Solutions Provider
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Purpose (or Reason) for Using Sound Science and Following
QA/QC Processes and Procedures

James J. McAteer, Jr.
Managing Member
QA/QC Solutions, LLC
7532 Champion Hill Rd. SE
Salem OR 97306
503-763-6048
jimecateer@msn com

ABSTRACT

The purpose (or reason) for using sound science and following quality assurance and quality
control (QA/QC) processes and procedures with regards to using analytical data is really quite
simple: if the overall quality usability. and limitations of the data is not known or cleqrh
defined. then the data collected may not be usable for its intended purpose(s) and the decmmu(s}
made may be mcorrect. It is important to remember to so everyihing possible to make sure the
data collected in the field and in the laboratory are scientifically meaningful valid, usable and
legally defensible.

Presented below 1s a very brief overview of some of the QA/QC processes and procedures that
should be completed to be able to define the overall quality of analytical data. Next, a very brief
summary regarding data verification, data validation, data quality assessment (DQA), and data
vsability evaluation is presented. To more clearly dllustrate the purpose (or reason) for using
sound science and following QA/QC processes and procedures with regards to using analvtical
data, two examples are presented. One example is to show how incorrect interpretations and
decisions are be made when the most appropriate analytical method(s) was not used. The other
e*-:ample 15 to show how incorrect mterpretations and conclusions are made when “sound
science” is not used and the available data reported by the laboratory are not properly evaluated.

It should be noted that all elements regarding QA/QC processes and procedures, data
verification, data validation, DQA and data nsability evaluation cannot be presented herein. The
main purpose of the information presented here i to show how when one, or more of the
required elements are not completed or are completed incorrectly will result in making an
mecorrect decision.

INTRODUCTION

When completing envirommental investigations, chemical data mav be used for many purposes
— delneating the nature and extent of contamination, verifving that a contanunated site has been
adequately cleaned up, identifying and quantifying potential nisks to the environment and/or
human health, and many other reasons. For data to be usable for its intended purpose(s) it must
be of sufficient quality and quantity to know that the decisions that are made have an acceptable
and kmown degree of confidence. Further, the data collected must be of such quality and
quantity to withstand third-party scrutiny and be legally defensible.
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Assessment of the overall quality and usability of analytical d.ata requires meticulous attention to
the “details™ as well as an understanding of the © ‘big picture.” Establishing well-defined
management policies and procedures, QJL QC processes and procedures, and quality assessment
checkpoints are necessary to meet the data quality objectives (DQOs)' of any project. It is very
likely that by not mstituting and following a systematic planning process mayv resulf i not
collecting the right type of data, making mcorrect decisions, incurring unnecessary costs, and/or
resulting m actions by applicable regulatory agencies.

Appropriate decisions (or end uses of the data) are made with an acceptable degree uf confidence
by lmowing, in pm the following: 1) the purpose of the project was clearly stated™: 22
appropriate DQOS were established; 3) proper types and numbers of samples were cc]lected:
that s'unplmcr locations were appropriate, and that correct sample collection techniques were
used™ 4] that appropriate analytical methods were used and the analyses were completed
pmperh - 5) data verification and data validation™" were properly completed and that the
overall qlL'ﬂiI’j.-’ of the data and its imitations were clearly documented); §) the data sets were
subjected to a proper DQA**® and data usability evaluation and the findings documented in a
report; and, 7) that a “reality check™ was completed to confirm the findings and that any
decision(s) made were correct.

OVERVIEW OF QA/QC PROCESSES AND PROCEDURES

Proper planning is essential at the start of any project. The overall project objectives should be
clearly stated and understood by all team members (e.g., project mangers and staff. field
sampling team members, applicable laboratory staff. and QA/QC personnel). Existing data that
may be available should be thoroughly reviewed to assess its quality and usefulness, and to help
identify data gaps that may need to be filled to meet project objectives — mn other words yvou
must do yvour research. Logical and attainable DQOs (including project quality objectrves
[PQ0Os] and measurement quality objectrves [MQOs]) should be established. Pertinent
documents (e.g., the work plan, field sampling plan, and quality assurance project plan) should be
prepared. Approprate field sampling design (e.g. location. nmumber, and type of samples) and
sampling techniques should be determined. The most appropriate analvtical methods should be
selected to try to meet the established DQOs. PQOs. MQOs, reporting limit requirements, and
data quality mdicators ﬂ}QIs] {e.g., end-pomt measurements for precision, accuracy,
representativeness, companbﬂm completeness, and sensitivity). A qual1f1ed aualvtn:al
laboratory (or laboratories) should be selected and a technical system audit” (T5A) may also be
required.

It is important to remember to use sound science and follow appropriate and well-defined
QAQC processes and procedures. This 1s a process to be able to be confident with a known
degree of certainty of the overall gquality {or nsefulness) and potential imitations of the data that
1s collected. Tsing data of poor quality and mnsufficient quantity will always result in makng
mcorrect decisions and INCUCMN G INNECESSATY EXPENSEes.,

DATA VERIFICATION, DATA VALIDATION, AND DATA QUALITY
ASSESSMENT, AND DATA USABILITY EVALUATION

Data ventfication, data validation, DQA | and data usabality evaluation are tasks that should be
completed to understand the overall quality of the data, to be able to identify if there are potential
Linuitations with the data, and to be able to lnow with a known degree of confidence that the data
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are usable for its mtended purpose(s). All too often, however, these fundamental tasks are not
considered as reallv necessary by many data users becavse of the misconception that “approved
agency methods™ were used, the analyses were conducted by a certified/approved laboratory., it's
money not worth spending. and a plethora of other excuses.

It is important understand why data verification and data validation are necessary. Some reasons
for completing data verification™®* are, in part, to ensure that all procedures specified in the
project planning documents were followed; that correct protocols were nsed in the field to collect
saniples; that the samples were correctly prepared and analyzed at the laboratory; to verify the
completeness of the data set and supporting documentation; and, to verify the accuracy of the
database. Some reasons for completing data validation™™* are. in part, to evaluate the technical
quality of the verified data with respect to the project DQOs, MQOs, and PQOs, assess and
document performance of field and analytical process, and determine compliance with specified
requirements (e.g. contractual, method-specific, QAPP requirements, etc ). There are many
other reasons why completing data verification and data validation are important, but are not
discussed herein.

After the field and analvtical data have been verified and validated, a DQA and data usability
evaluation {1.e., a thorough scientific and statistical analysis of the data) should be conducted.
This step 15 a means to determine if the overall quality of the data s sufficient to support its
mtended purpose(s) and to identify {and possibly minimize) the areas of uncertamnty m the
decision(s) that are made. The general purpose of completing this “part” of the overall QAQC
process 15 to evaluate the quality of the data collected during sampling and analysis. This will
assist with answering such questions as can a decision be made with the deswred degree of
confidence with respect to the quality of the data, how well has the sampling design and
supporting data meet the DOOk established during the systematic planning process, and does the
data support or refite the assumptions that were made at the beginning of the project.

When appropriate project planning, data venification, data validation, DQA and data usability
evaluation are not completed, or are completed without the appropriate level of detail, then the
overall reliability of the data may exhibit a muich hugher degree of uncertainty. In other words, if
there are significant errors associated with the field data, the laboratory data, and/or the
mterpretation of the data, then the subsequent decisions that are made will most likely be
mcorrect.

EXAMPLE 1: APPROPRIATE ANALYTICAL METHOD NOT USED

When an inappropriate analytical method is used, the data obtamned may not be of the necessary
quality (or type) needed to meet its intended purpose. This is an example where it was necessary
to determmne the reliability of historical and recent data sets to evaluate if site-specific petroleum
hydrocarbons (PHCs) were migrating offsite. The concern was to find out if site-specific PHCs
are possibly impacting surrounding groundwater and migrating toward a nearby river due to a
potential failure of a barrier wall installed at the site. The available data mcluded analyses for
diesel- and ressdual-range petrolenm hydrocarbons analyzed vsing gas chromatography/flame
wonization detection {GC/FID) on groundwater sanmples collected in and around the site over
several years.

After reviewing the existing PHC data (Figure 1), it was determined 1t was not of sufficient
quality to state with defimitrve confidence that the site-specific PHC was present, or not present,
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m selected samples. This deternunation was made, m part, because the sample extracts were not
subjected to silica gel columm cleanup to remove potential biogenic mterferences and late-eluting
chromatographic peaks attributed to paraffin compounds indicative of plant waxes of terriginous
origin were often, but not always, included in quantification. In addition, the laboratory did not
consistently flag (or qualify) the results reported. For example, data were flagred to indicate that
an exact match to the Bunlker C fuel o1l standard that was used for compound identification was
not apparent m the samples, or the that the PHC m the samples appears to be weathered, or the
results were not flagged implying that unweathered Bunker C fuel o1l was present. The problem
was that the data were not consistently flagged.

Figure 1: GC/FID Diesel- and Residual-Range PHC Data

GC/FID Data

Site-specific I'

To more confidently answer the questions of concern, detailed chenucal analyses (e.g., chemical
fingerprinting) were required to determine the chemical composition(s) of the site-specific PHC
{1e., a Bunker C fuel oil). Also, the new detailed chemical analyses would help with evaluating
if any PHC that nay be present in the surrounding offsite groundwater can be attibuted to the
PCH from the site and to provide sufficient data to evaluate if there is a similarity in any PHCs in
sammples from the site and the surrounding groundwater.

The detailed cherical fingerprinting analyses that were determined to be appropriate at this time
meluded analyses for saturated hydrocarbons (1e., #-Alkanes) using GC/FID, polyeyelic
aromatic hydrocarbons (PAHs) and alloylated PAHs using gas chromatography/nuass
spectrometry (GCMS) operated in the selected 1on monitoring (SIM) mode, and chemical
biomarkers (e.g., steranes and triterpanes) using GC/MS SIM.
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To facilitate the data analysis, a sample indicative of the site-specific PCH was collected from an
extraction well to be used as the reference sample to compare to all other samples. Other
groundwater samples were collected from locations upgradient (onsite) and downgradient
{offsite). The new data were verified, validated, and evaluated. The evaluation involved directly
comparing the distributions and concentrations of the n-Alkanes (Figure 2a), the PAHs and
alicylated PAHs (Figure 2b), and the biomarker compounds (Figure 2c). The evaluation of the
PHC “fingerprints” was completed by reviewing the sample chromatograms, mass spectra, and
histograms of the data obtained. In each of the figures the order sample locations 15 the site-
specific PHC., a sample immediately downgradient of the barrier wall, a samyple further
downgradient, and a sample vpgradient and onsite.

Figure 2a: n-Alkane Data

n-Alkanes

She-Specific PHC Sample

Downgradiant Sample

Further Downgradient Sample

Upgradient Sample

Concentration (ngL)
Jitdissie. EREiEE st .

O 2 0 10 10 5 B 55 PP PP PP PP
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Figure 2b: PAH and Alkylated PAH Data

N T T—

Figure 2c: Biomarker Compound Data
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The new data gathered indicates that a shghtly weathered heavy fuel oil (1.e., No. 6 or Bunker C
fiel oil) is present onsite, which agrees with historical site usage records. The distributions of
the saturated hyvdrocarbons (ie., n-Alkanes). PAHs and alkylated PAHs. and the chemical
biomarkers {1e., steranes [blue hustograms m Figure 2¢] and terpanes [orange histograms in
Figure 2c]) are not likely related to the site-specific PHC.

It is readily apparent upon review of the new data that a similar PAH/Alkylated PAH fingerprint
can bee seen between the site-specific PHC and the downgradient sample (Figure 2b, first and
second histogram plots). It is important to note that the n-Alkane and biomarker compound
simatures (Figures 2a and 2c, respectively) are markedly different between these two samples
and mdicates there 15 another source other than the site PHC that also results n a similar PAH
profile. Upon further research of historical records, the sumilanty of the PAHs in the one
downgradient sample and the site sample can be attributed to a samilar tvpe of fuel oil that was
likely present m a relic tank that was excavated m the past at a location near to where the
affected sample was collected.

The results of the new data indicate that the site-specific PHCs do not appear to be migrating
offsite at this time and is not the source of the trace (or low levels) of a PHCs that were found
the other groundwater samples. Based on the #-Alkane data, the predominate constituent present
m most of the other samples are paraffins that can be attributed to plant waxes of terriginous
origin. The conclusion is that by analyzing the samples with more appropriate chemical methods
the data obtamed more confidently support the mterpretation that the stte-specific PHC 15 not
mpacting surroundmg groundwater, there is no threat to the river, and that there is no indication
that the barrier wall has failed at this time.

EXAMPLE 2: YOU CAN'T MAKE THE DATA SAY WHAT YOU WANT

It is not possible to make good quality data say what vou want by making unsubstantiated
mterpretations of the data and making factually incorrect statements. This is an example where it
was necessary to determune the reliability of the identification and quantification of
polychlorinated biphenyls (PCBs) reported for analyses completed on surface soil and
aroundwater samples and evaluate if the PCBs may be from the same source. Available
information included site mvestigation reports, expert reports. and analytical data. Aroclor”
1260 was reported as detected in soil samples (Figures 3a and 3b) and Aroclor™ 1242 was
reported as detected in groundwater (Figures 3a and 3c).

The “expert” i this project srated that Aroclor” 1260 is present in the surface soil (this is
plausible) and the Aroclor™ 1242 in the groundwater (this is also plausible) likely resulted from
contaminated soil that was mtroduced durmg well installation/construction or perhaps 1s due to
degradation of Aroclor® 1260 during migration from the soil into the groundwater (both of these
suggestions are not plausible).
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Figure 3a: Soil Sample and Water Sample Chromatograms
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Figure 3c: Water Sample and Aroclor” 1242 Standard Chromatograms
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To facilitate data review, the onginal PCB data were obtained (e g, chromatograms and
mstrument printouts). The review of the data indicated it is plausible that a weatherad Aroclor®
1260 15 present in the surface soil (Figure 3b). More mmportantly, however, the presence of
multiple non-PCB peaks (as was correctly noted by the laboratory) is most likely attnbuted to the
technical grade chlordane {an organochlorine pesticide). To confirm the presence of technical
grade chlordane, the laboratory was contacted and agreed tlus organochlorine pesticide was
likely present (see Figure 3d) in the soil sample. It should be noted that the laboratory provided
a chromatogram of a standard of technical grade chlordane that was analyzed on the same
mstrument around the same time that the sample PCBs analyses were completed. Further,
review of the chromatograms also indicated it is plausible that a relatively unweathered Aroclor”™

-

1242 (or possibly Aroclor” 1016) was present (Figure 3¢) in the groundwater sample.

While the laboratory data was of overall good quality, the problem is that the arguments by the
“expert” could not be supported. Specifically. the explanation that the presence of Aroclor”
1242 in the groundwater was due to contaminated surface soil introduced during well
mstallation/construction, or is due to the weathermg of Aroclor”™ 1260 in the surface soil as it
migrated from the surface soil to the groundwater, or is due to Aroclor™ 1242 that was once
present in the surface soil are all preposterons rationales and cannot be supported. It is not
possible to “create” a relatively unweathered Aroclor™ 1242 (or possibly Aroclor™ 1016) by the
dechlorination (or degradation) of a very weathered Aroclor™ 1260 that also has technical grade
chlordane present via lnown biological, chemical or physical processes. Furthermore, if
Aroclor® 1242 (or possibly Aroclor™ 1016) was present in the soil. a chromatographic
“fingerprint” would most likely have been evident in the soil sample chromatograms, but was
not.

By conducting an objective review and validation of the data reported, worlung openly with the
analvtical laboratory, and vsing sound science, it was shown that technical grade chiordane is
very likely present in the soil and that this mixture is likely to be more of a concern than the
weathered Aroclor™ 1260. The detection of Aroclor™ 1242 (or possibly Aroclor™ 1016) in the
groundwater was confirmed, but its presence cannot be attributed to the Aroclor” 1260 and
technical grade chlordane found in the surface soil. The interpretations made by the “expert”
regarding PCB identification, sources, and transport and fate assumptions were factually
maccurate based on the data reported. The PCBs detected in the swface soi1l and groundwater
are from two different sources. Overall, the conclusions drawn from the existing data were
unfounded and there was not sufficient evidence presented to substantiate the claims made and
the findings given were not legally defensible.

CONCLUSIONS

The examples shown above are just a few of many to illustrate what can happen when mcorrect
analytical methods are used, when data of insufficient quality 1s used but cannot support its
mtended use(s). when mcorrect interpretations are made but cannot be supported by the available
data, or how mmcorrect {or unfounded) decisions will be made. These types of issues will result i
mcreased project costs, may result in regulatory actions, or wind up in litigation — how mmch of
a chance are you willing to take? If the overall quality, usability, and limitations of the data
collected are not known or clearly defined, then the data collected may not be usable for its
mtended purpose(s) and the decision(s) made may be mcorrect. Some key points to keep in
mund are:
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» Develop and follow appropriate and well-defined applicable QAQC
processes and procedures from start to finish m every project

» Get the sampling, QA and laboratory staff mvolved during mitial project
planning

# BRequire that the analytical data are verified and validated is completed by an
experienced professional and that the results are documented in a clear and
concise report

= Complete a DQA and usability evaluation using an experienced professional
and that the findings are documented m a clear and coneise report

# Make sure the data, iferpretations and conchisions drawn from the data, and
the decisions that are sound of the sufficient quality to minimize uncertamty

= Crtically evaluate and re-evaluate the data, do a “reality check” to make sure
the data make sense, and always use the scientific method.

In closing if 15 important to remember that usmg sound science and following appropriate
QAQC processes and procedures are critical to make sure the data that are collected and vsed
are scientifically meanmgfinl, valid, usable, and legally defensible! It's all about using the
scientific method!
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Purpose (or Reason) for Using Sound
Science and Following QA/QC

Processes and Procedures

Presented at:

The 24 Annual National Environmental
Monitoring Conference, Washington, D.C.

Presented by: m

James J. Mc Ateer, Jr.
August 14, 2008

Are Your Data Scientifically
Meaningful, Valid, Usable,
and Legally Defensible?

Are You A Gambler and
Willing to Take Chances?
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Outline

~ Introduction

- Summary of QA/QC processes
and procedures

- Examples of when things go wrong
~ Concluding comments
~ Questions

Introduction

» Chemical data are used for several purposes:

- Delineating the nature and extent of
contamination at a site

- Verifying site cleanup or “clean” closure

- Evaluating if there are potential risks to the
environment and/or human health

» QA/QC processes and procedures must be
established, implemented, and followed

» Using “sound science” is essential

> Data must be scientifically meaningful, valid,
usable, and legally defensible
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QA/QC Processes and Procedures

» Rigorous QA/QC requires meticulous
attention to details

» Understand the “big picture” — know the
purpose(s) and do the research

» Establish logical (and attainable) DQOs,
PQOs, MQOs, DQIs, etc.

> Prepare appropriate and complete work
plans, FSPs, QAPPs, etc.

» Get sampling, QA, and laboratory staff
involved during initial planning

QA/QC Processes and Procedures, cont.

» Identify appropriate sampling rationale (e.g.,
type, number, and location of samples)

» Use correct sample collection technique(s)

» Use most appropriate analytical method(s)

» Define type of data deliverables needed

» Complete data verification and data validation

» Conduct a DQA and usability evaluation

» Prepare a data quality/usability report
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QA/QC Processes and Procedures, cont.

» Do a "reality check”— are the data and
subsequent decisions made correct?

» Remember to use the scientific method™:
- Make observations and collect information
- Formulate hypotheses or interpretations
— Make predictions, deductions, or theories
- Verify tests and assumptions made

"Attempts to minimize the influence of bias; cannot ignore
or rile out data which do not sypport the hypothesis.
Objectively analvze data and quantitatively estimate all errors.

The Decisions Made Are Only
As Good as the Data Used!
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Case Example 1

Not using best analytical method will
result in incorrect interpretation of data

Objective:

-~ Evaluate reliability of existing PHC data

-~ Are site-specific PHCs migrating offsite
- Is surrounding groundwater being contaminated?

- Are site-specific contaminants migrating
downgradient towards the river?

- Are there other potential concerns or risks?

~ Has the barrier wall onsite failed or not
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L

Available Information: N

~ Samples collected quarterly and included:

- Site-specific PHC (i.e., Bunker C fuel oil) from
extraction wells onsite near barrier wall

- Groundwater samples upgradient and
downgradient of site, onsite, and around site

-~ Data reported for diesel- and oil-range PHCs
by solvent extraction and analysis by GC/FID

~ RI reports, well logs, groundwater flow, etc.

Observations:

> Data and chromatograms were not definitive:
- Generally “poor” chromatography
- Sample extracts not subjected to silica gel cleanup

- Improper quantification (e.g., inclusion of paraffins
typical of plant waxes)

- Inconsistent flagging of results (e.g., weathered
product, no match to standard, or no flags used)

» Definitive chemical analyses never completed
» Conclusive evidence not presented to date
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@ Sample downgradient

2124 9 42

Resolution:

» Collect new samples and analyze for:

- Saturated hydrocarbons (i.e., 7-Alkanes)
by GC/FID

- PAHs/Alkylated PAHs by GC/MS SIM

- Chemical biomarkers (e.g., terpanes and steranes)
by GC/MS SIM

» Evaluate “chemical fingerprinting" data:
- What is composition of the site-specific PHC?

- What is composition of PHC(s) (if present) in
surrounding groundwater?

~ Are PHC(s) onsite and offsite similar?
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Resolution (cont:

» Reviewed and evaluated new data:

Confirmed QA/QC procedures were completed
and were documented

Verified and validated laboratory data

Evaluated “chemical fingerprint” by examining
chromatograms, mass spectra, and histograms

Compared distribution and concentrations of
PHCs (i.e., r~Alkanes, PAHs/Alkylated PAHSs,
and Biomarker compounds) in samples

Determined if new data reliably supported
intended purposes and are defensible

| site-specific PHC sample
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PAHs and Alkylated PAHs
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Findings and Conclusions:

~ Onsite sample — PHCs consistent with
a weathered Bunker C fuel oil

~ Surrounding groundwater samples not
similar to site-specific PHC with exception
of PAHSs in one sample)

- No indication groundwater downgradient
of site is impacted by site-specific PHC

- No indication site-specific PHC migrating
towards river

~ No chemical evidence barrier wall has failed

So What’'s the Point?

» Should have verified and validated data

» Although the analytical method used was
“approved,” it was not appropriate

» Laboratory should have taken extra steps
- Suggest alternative method(s)
- Clean up extracts
- Use site PHC as “reference standard”

> A “reality check” was not done to make
sure data made sensel

» Unnecessary work, time, and money spent
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Case Example 2

When you don’t use good science,
you will make incorrect conclusions

Objective:

» Evaluate reliability of PCB (as Aroclors®)
data reported

> Are PCBs in surface soil source of PCBs
in groundwater?

» Are conclusions of expert witness defensible?

~ Is there anything else of importance?
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Available Information:

- Remedial investigation reports
- “Expert” reports
- Data from other site investigations

- Original laboratory data

- Field sampling records

Observations :

» Weathered Aroclor® 1260 in soil is plausible
» Evidence that chlordane also present in soil

» Slightly weathered Aroclor® 1242 (maybe
Aroclor® 1016?) in groundwater is plausible

» Statements in “expert” report, however,
can not be supported:

- Aroclor® 1242 in groundwater due to the
dechlorination (or degradation) of Aroclor® 1260

- Contaminated surface soil may have fallen into
well during well installation/construction
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Soil Sample and Walter Sample
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Soil Sample and Tech. Chlordane Standard
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Water Sample and Aroclor® 1242 Standard

42
40 :
KER  "Lab noted sample exhibits altered pattern;

kLR diminished front-end; and sample field filtered
34 S

32

30

28

Water Sample *

14 16 18
MINUTES

Resolution:

» Used the laboratory data to document
interpretation, not by speculation

» Demonstrated that tech. grade chlordane is
likely present in soil using data

» Chlordane and PCBs together makes sense
(i.e., oil was used as dispersant for pesticides)

» Showed Aroclor® 1242 not attributed to
weathering of Aroclor® 1260 (or tech. grade
chlordane) in samples
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Findings and Conclusions:

- Interpretations and statements in expert
report are factually inaccurate

~ Experts arguments not based on good
science nor legally defensible

- Issue in soil is more likely chlordane,
not Aroclor® 1260

-~ Aroclor® 1242 (or Aroclor® 10167?) is
from another source

» Two sources of PCB contamination, but
they’re not related to each other

So What’'s the Point?

> Data should have been very carefully
verified and validated

» Conclusions must be based on sound
science, not speculation or “wishes”

» A “reality check” should have been done
to make sure data made sense!

» Question: Should laboratory inform client
that chlordane likely present in samples?

247




NEMC 2008

Concluding Remarks:

~ Critical aspects of "QA/QC" must be followed:

- Establish, implement, and follow appropriate
and well-defined QA/QC and QMS procedures
from the start to the end!

- Establish appropriate assessment checkpoints!
- Evaluate (and re-evaluate) your data!

- Complete data verification and validation!

- Complete a DQA and usability evaluation!

~ Get the sampling, QA, and laboratory staff
involved during initial planning!

Concluding Remarks, (cont.):
~ Make sure you know the overall quality
(and the limitations) of the data!
~ The data must support the decisions made!

~ Must do a “reality check " by simply asking
iIf the data make sense!

~ Speculation is not science!
~ Always use the scientific method!
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Concluding Remarks, (cont.):

~ Must make sure of the following:
- The data are scientifically meaningful

- The data are valid and usable for their
intended purpose

- The data are legally defensible

- Don't forget that everyone remembers the
mistakes you make!

A Thought T'o Remember
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Questions?

Acron yms

DQA — Data Quality Assessment
DQI — Data Quality Indicator
DQO - Data Quality Objective
= FSP — Field Sampling Plan
= GC/FID — Gas Chromatography/Flame Ionization Detection
» GC/MS - Gas Chromatography/Mass Spectrometry
MQO — Measurement Quality Objective
PAH - Polycyclic Aromatic Hydrocarbon
PCB — Polychlorinated Biphenyl
PHC — Petroleum Hydrocarbon
PQO - Project Quality Objective
QA/QC - Quality Assurance/Quality Control
« QAPP — Quality Assurance Project Plan
- QMS — Quality Management System
RI — Remedial Investigation
SIM — Selected Ion Monitoring
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Development of a Consensus Standard for Quality Systems
in Environmental Testing Laboratories

Robert DiRienzo
DataChem Laboratories, Inc.
960 West LeVoy Drive

Salt Lake City, UT 84044
801-266-7700
dirienzo@datachem.com

ABSTRACT

The NELAC Institute (TINI) has developed and approved a consensus quality systems standard

for use by environmental testing laboratories. The standard is based on ISO 17025:2003,
NELAC 2003 Chapter 5 and DD Q5M.

TNI has a policy on standards development that has been reviewed by ANSL The TINI policy not
only addresses development of standards used by TINI but also the consensus process which
includes open meetings, participation by stakeholders and addressing stakeholder comments.
This standard 15 structured following ISO 17025:2005 and has additional elements from NELAC
2003 Chapter 5. This new standard begins with a general requirements module which outlines
management system requirements for all environmental testing laboratories. This standard also
mcludes modules for technical areas, Asbestos, Chemistry, Microbiology, Radiochemistry and
Toxicity, and can be expanded to include new technologies, new programs {Drinling Water or
Homeland Security) and possibly contract compliance (DoD), Superfund or DOE).

INTRODUCTION

The call for one certification program for environmental testing laboratories was initiated as far
back as 1999, The process of developing. adopting and implementing NELAP was finally
realized in 1999 with its first set of laboratories and eleven accrediting bodies (States).

The process of developing the first TINI standards for Environmental Testing Laboratory has also
been a long journey that started after the NELAC 2003 approval. This journey included splitting
NELAC between adoptionimplementation and the development of standards. NELAC continued
to implement the NELAC 2003 Standards and was limited to government emplovees, while the
standards development process under INELA became a consensus standard development
organization which included all stakeholder groups.

In 2007 the two organizations were combined again as TINI with separate boards directing the
various activities of adoption, implementation, technical assistance, proficiency testing,

administrative and consensus standards development. Recently new standards for environmental
testing laboratories were approved through the consensus process.

NEMC 2008 1
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Natlonal Environmental Testing Laboratory Accreditation

< 1998 I,

19095 - 1998 Development and Adoption
AV

1999 - 2003 Development, Adoption and Implementation

200% - 2006  { MELAC | NELAP

Adoption and Implementation Development of Consensus Standards

2006 > {The NELAC Institute |

Adoption, Impl ation, and Develop of Conegneus Standards

DEFINITIONS

Consensus 1s a decision-making process that not only seeks the agreement of most participants,
but also to resolve or mitigate the objections of the minornity to achieve the most agreeable
decision.

A standard 1s an established norm or reguirement. It is usually a formal document that
establishes uniform engineering or technical criteria, methods, processes and practices.

REQUIREMENTS FOR CONSENSUS STANDARD DEVELOPMENT

The Federal Office of Management and Budget (OMB) Circular A-119 defines a voluntary
consensus standards body as one having the following attributes: (1) openness; (i) balance of
mterest; (ii1) due process; (1v) an appeals process; and (v) consensus, which is general agreement,
but not necessarily unanimity, and includes a process for attempting to resolve objections by
inferested parties, as long as all comments have been fairly considered, each objector is advised
of the disposition of his or her objection(s) and the reason(s) why, and the consensus body
members are given an opportunity to change their votes after reviewing the comments.

The American National Standards Institute (AINSI) facilitates the development of consensus
standards by accrediting the procedures used by standards developing organizations. These
groups work cooperatively to develop veluntary national consensus standards. Accreditation by
ANSI signifies that the procedures used by the standards body in connection with the
development of American National Standards meet the Institute’s essential requirements for
openness, balance, consensus and due process:

NEMC 2008 2
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¢  Openness - Committee membership is open to all, all meetings open to all members,
mimtes of all meetings are posted, and the public may provide input

+ Balance of Interest - No single interest category can constitute a majority of committes
members on any committee.

¢ Consensus - General agreement, but not necessarily universal agreement

¢  Due Process - Any person with a direct and material interest has a right to participate by
expressing a position with its basis. That position will be considered.

¢ Appeals Process - Any person with a direct and material interest has the right to appeal a
decision.

TNI Palicy

The TNI “POLICY GOVEENNING STANDARDS DEVELOPMENT™ contains rules concerning
the establishment and operations of Expert Commnuttees are provided as well as crtenia for
ensuring a balance of interests. The Policies also stipulate voting procedures and provide detailed
requuirements for considering all negative votes. The Policies cover the following topics:

. Openness, Lack of Dominance, and Balance

Openness - Participation 15 open to all TNI members and to all members of the public who are
directly and materially affected by TINI s standards development activities. Voting membership
15 not conditional upon membership in any other organization. nor unreasonably restricted on
the basis of technical qualifications or other such requirements. Any member of the public may
provide written input on any TNI standard, or may provide comment by following the ANSI
public comment process.

Lack of Dominance - The standards development process will not be dominated by any single
mterest category, individual, or organization. Dominance means a position of. or exercise of
dominant authority, leadership, or influence by reason of superior leverage, strength, or
representation which would be fair and equitable consideration of other viewpoints. Unless
claimed in writing, to the Chair of the TWI Board of Darectors, by any directly or materially
affected party, that a single inferest category, individual, or organization dominated the standards
development process, no test for dominance is required.

Balance - The standards development process should have a balance of interests. Participants
from diverse interest categories are sought with the objective of achieving balance. The criteria
for balance are that no single inferest category constitutes a majority of commiftee members on
any Expert Committee. The interest categories are:

]

accreditation bodies and other goverunental agencies that operate environmental
accreditation programs (federal or state)
accredited laboratories (commercial, municipal, state and federal)

o
o all others {consultants, proficiency test providers, non-accredited laboratories, state and
federal agencies that do not run acereditation programs, etc. )
NEMC 2008 3
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. Conducting Business

Meetings - Generally there are two (2) meetings per year (a summer and winter) where the
Expert Comunittees meet to present any proposed standard or amendments to standards and to
receive input for further development of any standards. Any member of the public may register
for and attend these meetings. Working meetings of Expert Committees held face-to-face or via
conference calls are open to any TNI member or Affiliate who has joined the Expert Committee
as a committee member, to any TNI member who chooses to participate in the role of Associate
Committee Member, or to any member of the public who requests to be included. Minutes from
these meetings are published on the TNI website. All official votes of Expert Commuttees require
a minimum of two thirds of committee members voting. It 1s permissible to hold closed meetings
only when discussing personnel or other sensifive issues. Issues relating to standards
development may not be discussed in closed meetings.

Iotification - Wotification of proposed standards activity are announced on the TNI website to
offer the opportunity for participation by all directly and materially affected persons. This
notification will include: (a) an explanation of the need for the standard; and (b) the
wdentification of stakeholders (e g., laboratories, engineering firms, PT providers, etc.) likely to
be directly impacted by the standard.

» Standards Development

Expert Committees members develop standards by telephone conference andlor face-to-face
meetings, as appropriate serving in a leadership role in standards development. All Committee
MhMembers, Affiliates and Associate Committee Members will be given the opportunity to provide
comments at appropriate times during meetings in a managed process. Any TNI member or
member of the public may provide written mput to a committee. Committees will consider all
written comments and suggestions and will notify the correspondents of the disposition of their
comments. At the initiation of a project to develop or revise a standard, notification of such
activity will be posted on the TNI website, to allow for participation by all directly and
materially affected persons. A simple diagram of this process 1s shown in Figure 2

NEMC 2008 4
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Figure 2

The NELAC Institute (TNI)
Standards Development Process

Expert Committee submits Working Draft Standard
for public comment

Working Draft Standard is modified
from public comment

/ Modified WDS is voted
'{o Draft Interim Standard

All Stakeholders vote and
commant on Draft Interim Standard

Draft Interim Standard is modified by persuasive
comments and all comments are addressed.

/Commitee votes Draft Inferim smmm)
\ to Final Standard

* Voting Procedures, Due Process and Appeals

Working Draft Standard

During the approximately six-month period preceding a TNI semi-annual meeting, the Expert
Committees develop modules of a working draft standard. The Committee Chair mav delegate
the standard-writing process to the Committee Members or to anv task group formed from the
Committee Members, Affiliates and Associate Committee Members. All Committes Members,
Affiliates and Associate Comumttee Members are afforded the opportunity to contribute to the
standard-development process.

NEMC 2008
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An official vote of the Committee Members, with at least two-thirds of the members in
concurrence, 1s required for release of the working draft standard for publication. The working
draft standard is published at least thirty (30) days prior to the TNI semi-annual meeting at which
1t 15 discussed publicly. at the TINI semi-anmal meeting. At this time, any TNI member or
member of the public may propose changes from the floor for consideration by an Expert
Committee. In addition, any TINI member or member of the public may submit to the committee
written comments within fifteen (15) days following the semi-annual meeting,

Voting Draft Standard

Ninety (90) days following the above comment period ends the TINI semd-ammmal meeting. An
Expert Committee may then modify the working draft standard considering the comments
recetved during the public debate and those recerved within the fifteen (15) day timeframe
following the TNI semi-annual meeting. The Committes Members vote to accept the modified
working draft standard. A two-thirds favorable majority vote of the Commuittee Members 1s
requured for passage. The working draft standard then becomes the TINI Voting Draft Standard.
All Commuttee Members, Affiliates and Associate Comnuttee Members may vote on their
commitiee’s modules of the Voting Draft Standard. Each Comnutiee Member, Affiliate and
Associate Committee Member has one vote. All voting 15 conducted by electronic ballot.

At least fifteen (15) days prior to voting, the Voting Draft Standard is published, together with an
electronic ballot form. TINI shall indicate conspicuously on the ballot that negative votes should
be accompamied by written comments related to the proposal and that negative votes
unaccompanied by such written comments will be recorded as “negative without comments™,
Such ballots, will not be counted as either negative or positive. TINI 15 not required to solicit any
comments from the negative voter.

At least fifteen (15) days after publication of the Voting Draft Standard, the voting period for
ballots begins and continues for thirty (30) days. Early voting will be permitted; 1.e.. all votes
cast from the date of publication of the electromic ballot form up to forty-five (43) days after the
date of its publication will be accepted. Each Committee Member, Affiliate and Associate
Committee Member will vote on one of the following positions:

Affirmative

Affirmative with comment
Megative with comment
Abstain

O 0 a0

A negative vote may be withdrawn at any time by written electronic submission to TNL. The
voter shall instruct TINI if the withdrawn negative is to be changed to an affirmative vote or to an
abstention.

In order for the Voting Draft Standard to pass, an affirmative vote of at least two-thirds of the
Committee Members is required, and all written comuments accompanying votes cast by

Committee Members, Affiliates and Associate Committes Members will be considered and
brought to resolution as described below. Ballot items returned as negative without conument are
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recorded as negative without comment. Ballot stems refurned unmarked shall be considered as
unreturned ballots.

All written comments accompanying negative or affirmative votes cast by Committee Members,
Affiliates and Associate Committee Members will be recorded and considered publicly during
the next TINI semi-annual meeting. Each Expert Commuittee will meet in separate session o
consider those comments received on its modules of the standard. These meetings will be open to
the public. Following 1ts discussion, each written comment shall be ruled persnasive or non-
persuasive by a simple two-thirds vote of the Committee Members present. No wriften comment
will be dismussed because it does not provide alternative language or a specific remedy to the
negative vote. The comumittee may prioritize the comments and place any comments on hold
until the next revision cycle of the standard, if the comments are too numerous to be dealt with in
the time-frame available until the TINI Standard is published. Anv comment placed on hold must
be addressed during the next revision cycle of the standard and must be recorded and considered
as a comment at that time.

An Expert Committee may prioritize the comments received and may place a comment on hold
until the next revision cycle of the standard if all of the following conditions are met:

o The comment introduces a concept that had not been subject to public review by being
included in a related proposal as published in the Voting Draft Standard.

o The comment changes the text proposed by the Expert Commuttee to the point that the
Expert Comnuttee would have to restudy the text of the Voting Draft Standard

o The comment proposes something that could not be handled properly within the time
frame for processing the changes.

In making the determination whether to place a comment on hold, the Expert Committee may
consider relevant factors, including but not limited to: the extent to which the comment proposes
a change that 1s new and/or substantial; the complexity of the issues raised; and whether
sufficient debate and public review have taken place. The negative commenter must be informed,
m writing, of the reasons the comment has been placed on hold.

A persuasive negative vote or an objection received from a member of the public will require the
Expert Committee to consider whether modification of the Voting Draft Standard is appropriate.
The commuttee may modify the standard, if such modification will lead to removal of the cause
for the negative vote. The modified standard must then be made available through posting on the
THNI website, together with a Fesponse to Comments document summarnizing all persuasive and
non-persuasive votes and their resolution, and any objections received from the public and their
resolution, for all Committee Members, Affiliates, Associate Commitiee Members and the public
to review. Within fifteen (15) davs of this posting. any Committee Member may change his or
her vote, through written electronic notice to TNI. The vote 15 then re-tallied and requires an
affirmative vote of at least two-thirds of the combined affirmative and negative votes cast by
Committee Members in order to pass. Within fifteen (15) days the tally from the vote on the
Voting Draft Standard 15 published as: number of affirmative votes; number of persuasive

NEMC 2008 7

257




NEMC 2008

negative votes; number of non-persuasive negative votes; number of negative votes without
comment; and number of abstentions.

TNI Standard

If the Voting Draft Standard passes, it becomes the TINI Standard. If any module fails, it is
refurned to the Expert Committee for processing during the next revision cycle. All individuals
who provided votes or who submitted public review comments that were ruled non-persuasive
will be so notified and will be informed of their right to appeal.

The TNI Standard is made available to all interested parties, including standards-adoption
organizations.

Appeals

Persons who have directly and materially affected interests, and who have been or may be
adversely affected by a procedural action or inaction of TINI, shall hawve the right to appeal.
Negative voters shall be notified of the disposition of their negative votes and their right to
appeal. The burden of proof to show adverse effect shall be on the appellant.

In connection with an objection articulated during a public comment period. or submitted with a
vote, an effort to resolve any expressed objections accompanied by comunents related to the
proposal under consideration will be made, and each objector is advised i writing (including
electronic communications) of the disposition of the objection and the reasons thereof. If
resolution is not achieved, each objector shall be informed 1n writing that an appeals process
exists.

Any negative voter, whose negative comment has been found non-persuasive by a vote of the
Expert Committee on the Voting Draft Standard, may appeal the decision in writing. Also, anv
member of the public who has submitied an objection on the Voting Draft Standard that has been
found non-persuasive by a vote of the Expert Commuttee on the Voting Draft Standard may
appeal the decision in writing. The appellant shall file a written complaint with the Executive
Director of TINI within tharty (30) davs afier the date of publication of the result of the vote on
the Voting Draft Standard. Written appeals associated with any other aspect of the standard
development process may be filed with the Executive Director of TNI following notification of
action or at any time with respect to tnaction. The complaint shall state the nature of the
objection(s) including any adverse effects, the clavse(s) of these procedures or the standard that
15 af issue, actions or inactions that are at issue, and the specific remedial action(s) that would
safisfy the appellant’s concerns. Previous efforts to resolve the objection(s) and the outcome of
each shall be noted. Within seven (7) days of recetving the complaint. the Executive Director
will notify and provide a copy of the complaint to the Chair of the TINI Board of Directors and
the Chair of the Expert Commuttee against which the complaint is made.

Within thirty {30 days after receipt of the complaint, the Executive Director will prepare a
written response that meets the approval of the Board of Directors and the Chair of the affected

Expert Committee and will submut the response to the appellant. The response will specifically
address each allegation of fact in the complaint to the extent of the respondent’s knowledge. The
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Executive Director may solicit other individuals with specific knowledge of the matter in
question to assist with the response.

If the appellant and TINI are unable to resolve the written complaint informally in a manner
consistent with these procedures, the Executive Director shall schedule a telephone conference
hearing with an appeals panel on a date agreeable to all participants, giving at least fifteen (15)
working days notice.

The appeals panel consists of three (3) individuals who are kmowledgeable of laboratory
accreditation issues and familiar with the operation of consensus standards organizations, have
not been directly involved in the matter in dispute, and who will not be materially or directly
affected by any decision made in the dispute. The TINI Executive Director shall, with input
from the appellant, develop a list of five (3) potential appointees for the appeal panel within
fifteen (13) days, and the appellant will select three (3) of those names. This list of three (3)
names will then be submuitied to the TINI Executive Commuittee, which will appoint the members
of the appeals panel. If the parties to the appeal cannot agree on an appeals panel within a
reasonable amount of time, the matter shall be referred to the TINI Executive Comumittee, which
shall appeoint members of the appeals panel.

The appellant has the burden of demonstrating adverse effects, improper actions or inactions, and
the efficacy of the requested remedial action. The respondent has the burden of demonstrating
that TINI and the Executive Director took all actions in compliance with these procedures and
that the requested remedial action would be ineffective or detrimental. Each party may adduce
other pertinent arsuments, and members of the appeals panel may address questions to
mdividuals. Robert’s Fules of Order shall apply to questions of parliamentary procedure for the
hearing not covered herein. The appeals hearing proceedings shall be documented.

The appeals panel will provide a determination to the TINI Board of Directors in writing within
thirty {30 davs, stating findings of fact and conclusions, based on a preponderance of the
evidence presented to the appeals panel. The decision of the appeals panel is final and shall be
endorsed by the TNI Board of Directors.

If anv appeal 15 upheld by the appeals panel, the affected module or section of the TNI Standard
15 withdrawn by the Expert Committee that developed that module or section for processing
during the next revision cycle.

APPROVAL OF TNI

Having met all requuirements, the TNI Consensus Standards Development Program was approved
by ANSI, effective December 18, 2007,
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TNI STANDARDS

The TNI Standards are based on the concept of sectors, volumes, and modules.

Environmental Laboratory Sector:

Volume 1 — Laboratory Fequirements

Volume 2 — Accreditation Body Requirements

Volume 3 — Proficiency Testing Provider Requirements
Volume 4 — Proficiency Testing Oversight Requirements

Field Services and Measurement Organization Sector:
Volume 1 — FSMO Requirements
Volume 2 — FSMO Accreditation Body Requirements

Modules addressing requirements for management systems, process and technical requirements
are included with each volume.

LABORATORY REQUIREMENTS - VOLUME 1

Includes all standards for laboratories

Uses ISOIEC 17025:2005 for quality systems
Flexible and consistent

Technical modules can be added as needed

Modules

MModule 1 — Proficiency Testing

MModule 2 — Quality Systems: General Requirements
Module 3 — Asbestos Testing

Module 4 — Chemical Testing

Module 5 — Microbiological Testing

Module 6 — Fadiochemical Testing

MModule 7 — Toxicity Testing
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Quality Systems

OUTLINE: (ISO/IEC 17025:2005 FOERMAT)

INTRODUCTION, SCOPE AND APPLICABILITY
Introduction and Scope

NOEMATIVE REFEEENCES

TEFMS AND DEFINITIONS
Additional Terms and Definitions, Definition Sources, and Exclusions and Exceptions

MANAGEMENT FEQUIREMENTS
Organmization, Management, Document Control, Eeview of Request, Tenders and
Conftracts, Subcontracting of Enwvironmental Tests, Purchasing Services and Supplies,
Service to the Client, Complaints, Control of Nonconforming Frnvironmental Testing
Work, Improvement, Corrective Action, Preventive Action, Confrol of Records, Internal
Andits, Management Feview, and Data Integrity Surveillance

TECHNICAL REQUIREMENTS
General, Personnel, Accommodation and Environmental Conditions, Environmental
Test Methods and Method Validation, Calibration Requirements, Measurement
Traceability, Collection of Samples. Handling Samples and Test Items, Quality
Assurance for Environmental Testing, and Reporting the Eesults

EXAMPLE:

414 Internal Audits (ISOTEC 17025:2005(E), Clause 4.14)
IS0 text 4.14.1 to 4.14.4 here

4145 Additional Items
a) The laboratory shall have a policy that specifies the time frame for notifying a client of
events that cast doubt on the validity of the results.

b) The laboratory management shall ensure that these actions are discharged within the
agreed time frame.

) The Internal audit schedule shall be completed annually.
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Technical Modules

Technical Modules for Asbestos, Chemistry, Microbiology, Radiochenustry, and Toxicity
Testing are included and they have no IS0 17025 Language, Specific to testing activity, and
consistent in format and structure.

FORMAT:

Introduction

Scope

Terms and Definttions

Method Selection

Method Validation
Validation of Methods, Limut of Detection and Limit of Quantitation, Evaluation of
Precisions and Bias, and Evaluation of Selectivity

Demonstration of Capability (DOC)
General, Imitial DOC, and Ongoing DOC

Technical Fequirements
Initial Calibration, Continuing Calibration, Quality Control for Chemistry, Data
Reduction, Reagent Quality, Water Quality and Checks, Data Acceptance/Rejection
Criteria, and Sample Handling

EXAMPLE:
1.6  Demonsiration of Capability (DOC)
1.6.1 General

Prior to acceptance and institution of any method for which data will be reported, a
satisfactory nitial DOC 1s required (see Section 1.6.2). Thereafter, ongoing DOC
(Section 1.6.3), as per the quality control requirements in Section 1.7.3 (such as
laboratory control samples) 1s required. In cases where a laboratory analyzes samples
using a method that has been in use by the laboratory for at least one vear prior to
applying for accreditation, and there have been no significant changes in instrument type,
personnel or method, the ongoing DOC shall be acceptable. The laboratory shall have
records on file to demonstrate that a DOC is not required. For the initial DOC,
appropriate records as discussed in Section 1.6.2 shall be completed. An initial DOC shall
be completed each time there 1s a change in instroment type, personnel, or method.

All demonstrations shall be documented. All data applicable to the demonstration shall be
retained and readily available at the laboratory.
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CONCLUSIONS

The TNI consensus standards for environmental testing laboratory accreditation have general
agreement between all stalceholders. The TNI standards for Laboratories are consistent with the
IS0 170252005 format, have removed redundant language from NELAC 2003, provides a
consistent technical module format addressing all aspects of a specific testing activity, and a
volume/'module structure which allows for growth and flexibility.

Additional modules addressing new technologies and or programs may be added without
wholesale revisions to existing modules.

TNI has adopted a well defined consensus standard development process which meets the
requirements of Office of Management and Budget (OMB) Circular A-112 “Federal
Participation in the Development and Use of Voluntary Consensus Standards and i Conformity
Assessment Activities” and 1s ANSI approved as a consensus standards development
organization.

REFERENCES

1. TNI S0P 2-100, Procedures Goverming Standards Development
2. TNISOP 2-101, Procedures for Expert Commuttee Operations
3. 2003 NELAC Standard, Chapter 5

4. wwnwanst.org

5. www.nelac-institute.org
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Development of a Consensus
Standard for Quality Systems
in Environmental Testing
Laboratories.

Robert P. Di Rienzo

National Environmental Monitoring Conference
August 11-15, 2008
Hyatt Regency Capital Hill
Washington, DC
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National Environmental Testing Laboratory Accreditation
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| l

Consensus is a decision-making
process that not only seeks the
agreement of most participants,
but also to resolve or mitigate the
objections of the minority to
achieve the most agreeable

decision.
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What is a Standard?
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A standard is an established norm
or requirement. It is usually a formal
document that establishes uniform
engineering or technical criteria,
methods, processes and practices.

== DATA
== CHEM
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ANSI Requirements of a Consensus
Standards Development Body

» Openness

» Balance of interest
» Consensus

» Due Process

» Appeals Process

== DATA
CHEM
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" J
The federal Office of Management and
Budget (OMB) Circular A-119 defines a

voluntary consensus standards body as
one having the following attributes:

(ilopenness; (ii) balance of interest; (iii) due process; (iv)
an appeals process; and (v) consensus, which is general
agreement, but not necessarily unanimity, and includes a
process for attempting to resolve objections by interested
parties, as long as all comments have been fairly
considered, each objector is advised of the disposition of
his or her objection(s) and the reason(s) why, and the
consensus body members are given an opportunity to
change their votes after reviewing the comments.

== DATA
== CHEM
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Having met all requirements, the TNI
Consensus Standards Development Program
was approved by ANSI, effective December 18,
2007.

The TNI consensus standard development
process meets the requirement of Office of
Management and Budget (OMB) Circular A-119
“Federal Participation in the Development and
Use of Voluntary Consensus Standards and in
Conformity Assessment Activities”,
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The NELAC Institute (TNI)

m
Standards Development Process

Monthly Meetings (Exp'"cmm“” o i s e )
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$
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How did we get here?

Cambridge, Aug 2007
Lancaster, Oct, 2007

Draft Interim Standards

Final Standards Newport Beach, Jan 2008

== DATA
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Where are we today?

Final Standards have been reviewed for consistency.

Final Standards will be published to Website. June 2008
Appeals Process will begin when published. suneuuly
Appeals process through TNI Board of Directors.

Final Standards will be submitted to TNI NELAP
Boar d. Aug 2008
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" JEE
TNI Quality Systems Expert

Committee

Accreditation Bodies
Aaren Alger, State of Pennsylvania
Laurie Carhart, State of New York
Michelle Potter, State of New Jersey

Accredited Laboratories
Robin Cook, City of Daytona Beach
Robert Di Rienzo, DataChem Laboratories
Wilson Hershey, Lancaster Laboratories
Paul Junio, Test America

Other

Silky Labie, State of Florida

Fred McLean, DoD

Randy Querry, A2LA
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The TNI Standards are based on the
concept of sectors, volumes, and modules.

Environmental Laboratory Sector

Volume 1 - Laboratory Requirements

Volume 2 - Accreditation Body Requirements

Volume 3 - Proficiency Testing Provider Requirements
Volume 4 - Proficiency Testing Oversight Requirements
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The TNI Standards are based on the
concept of sectors, volumes, and modules.

Field Services and Measurement
Organization Sector

Volume 1 - FSMO Requirements
Volume 2 - FSMO Accreditation Body Requirements

% JATA
=
How does a laboratory know
what to do?
== DATA

= cHem
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" J
The TNI Standards are based on the
— concept of sectors, volumes, and modules.

Environmental Laboratory Sector

Volume 1 - Laboratory Requirements

Module 1 - Proficiency Testing

Module 2 - Quality Systems: General Requirements
Module 3 - Asbestos Testing

Module 4 — Chemical Testing

Module 5 — Microbiological Testing

Module 6 — Radiochemical Testing

Module 7 — Toxicity Testing

DATA
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The TNI Standards are based on the
— concept of sectors, volumes, and modules.

Environmental Laboratory Sector
Volume 1 - Laboratory Requirements

Module 1 - Proficiency Testing
PT Testing Requirements for Laboratories
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" J
. The TNI Standards are based on the
— concept of sectors, volumes, and modules.

Environmental Laboratory Sector

Volume 1 - Laboratory Requirements

Module 2 - Quality Systems: General Requirements
A Quality System for all laboratories

DATA
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" J
. The TNI Standards are based on the
— concept of sectors, volumes, and modules.

Environmental Laboratory Sector

Volume 1 - Laboratory Requirements

Module 3 - Asbestos Testing

Module 4 — Chemical Testing 6"‘\0"
Module 5 — Microbiological Testing @0
Module 6 — Radiochemical Testing .\db\
Module 7 — Toxicity Testing y dgc\“
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——e. VOlumMe 1
Environmental Laboratory Sector
Laboratories Requirements

+ Includes all standards for laboratories

+ Uses ISO/IEC 17025:2005 for Quality Systems
+ Flexible and Consistent

+ Technical Modules can be added as needed

« Available for purchase with ISO Language
www.nelac-institute.org

== DATA
== CHEM
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——e. VOlumMe 1
Environmental Laboratory Sector
Laboratories Requirements

Module 2 - Quality Systems: General Requirements
+ Format consistent with ISO 17025:2005

« Additional NELAC requirements follow applicable
ISO sections

* Redundant language has been removed
+ Specific technical requirements in Modules 3 to 7
== DATA

== CHEM
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Module 2 - Quality Systems: General Requirements

1.0 INTRODUCTION, SCOPE AND APPLICABILITY
Introduction and Scope
2.0 NORMATIVE REFERENCES
3.0 TERMS AND DEFINITIONS
Additional Terms and Definitions, Definition Sources, and
Exclusions and Exceptions
4.0 MANAGEMENT REQUIREMENTS
Organization, Management, Document Control, Review
of Request, Tenders and Contracts, Subcontracting of
Environmental Tests, Purchasing Services and Supplies,
Service to the Client, Complaints, Control of Nonconforming
Environmental Testing Work, Improvement, Corrective
Action, Preventive Action, Control of Records, Internal
Audits, Management Review, and Data Integrity
Surveillance
DATA
CHEM
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Module 2 - Quality Systems: General Requirements

5.0 TECHNICAL REQUIREMENTS
General, Personnel, Accommodation and
Environmental Conditions, Environmental
Test Methods and Method Validation,
Calibration Requirements, Measurement
Traceability, Collection of Samples, Handling
Samples and Test ltems, Quality Assurance
for Environmental Testing, and
Reporting the Results
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N
Module 2 - Quality Systems: General Requirements

Example Section from Module 2 — Non ISO version

4.14 Internal Audits (ISO/IEC 17025:2005(E), Clause 4.14)
ISO text 4.14.1 to 4.14.4 here

4.14.5 Additional Items
a) The laboratory shall have a policy that
specifies the time frame for notifying a client of
events that cast doubt on the validity of the results.

b) The laboratory management shall ensure that
these actions are discharged within the
agreed time frame.

c) The Internal audit schedule shall be
completed annually. DATA
CHEM
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0
——— Volume 1
Environmental Laboratory Sector

Laboratories Requirements

Modules 3 to 7 - Technical Modules for Asbestos,
Chemistry, Microbiology, Radiochemistry, and
Toxicity Testing

* No ISO language

« Specific to Testing Activity

+ Consistent Format and Structure in all Technical
Modules

DATA
CHEM
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Modules 3 to 7 - Technical Modules for Testing

TESTING
1.1 Introduction
1.2 Scope
1.3 Terms and Definitions
1.4 Method Selection

1.5 Method Validation
Validation of Methods, Limit of Detection

and Limit of Quantitation, Evaluation of
Precisions and Bias, and Evaluation of

Selectivity

(I
g
122

Modules 3 to 7 - Technical Modules for Testing

TESTING

1.6 Demonstration of Capability (DOC)
General, Initial DOC, and Ongoing DOC

1.7 Technical Requirements
Initial Calibration, Continuing Calibration,
Quality Control for Chemistry, Data Reduction,
Reagent Quality, Water Quality and Checks,
Data Acceptance/Rejection Criteria, and

Sample Handling

N
N
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1.6
1.6.1

Modules 3 to 7 - Technical Modules for Testing
Example Section

Demonstration of Capability (DOC)

General

Prior to acceptance and institution of any method for which
data will be reported, a satisfactory initial DOC is required
(see Section 1.6.2).

Thereafter, ongoing DOC (Section 1.6.3), as per the quality
control requirements in Section 1.7.3 (such as laboratory
control samples) is required.

In cases where a laboratory analyzes samples using a method
that has been in use by the laboratory for at least one year prior to
applying for accreditation, and there have been no significant
changes in instrument type, personnel or method, the ongoing
DOC shall be acceptable.

DATA
CHEM
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Modules 3 to 7 - Technical Modules for Testing
Example Section

Demonstration of Capability (DOC)

General (Continued)

The laboratory shall have records on file to
demonstrate that a DOC is not required.

For the initial DOC, appropriate records as
discussed in Section 1.6.2 shall be completed.
An initial DOC shall be completed each time there is a
change in instrument type, personnel, or method.
All demonstrations shall be documented.

All data applicable to the demonstration shall be
retained and readily available at the laboratory.
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Questions?

== DATA
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False Positives in Environmental Measurements — An
Analysis of Method Blank Data

Charles Carter

TestAmerica, Inc.

3275 5. Tioga Wav

Las Vegas, NV 80117
T02-392-6792

charlie carterf@festamericaine. com

ABSTRACT

vironmental measurements have become increasingly sensitive, and as a result we are
detecting analvtes at lower and lower concentrations. Despite this, in many situations
laboratories are asked to report results below their routine reporting limits all the way to the
method detection bimit. It is widely accepted that the results reported below the reporting Linut
are less reliable than those above the reporting linut, but there have been few studies that would
quantify the extent of the decreased reliability.

One aspect of the decreased reliability is the risk of an increased mumber of false positrves when
results are reported below the reporting imit. Wiile we can not actually determune whether the
results in each sample are false positives, we can analyze the frequency of positive results m our
method blanks. It is reasonable to conclude that the rate of false positives in envirommental
samples will be similar to the rate of positive detections in method blanks.

This presentation will summarize the results of thousands of method blank results over a large
population of laboratories. This will include the frequency of detections, the average
concentrations detected, an analysis of the reasons for the positive results, and the differences
between laboratories.

For most analytes, there is virtually no risk of false positives, but there are many envirommentally
relevant analytes with a substantial frequency of detections in method blanks. For these
analytes, envirommental decisions can be seriously compromised when vsing data that is reported
to the MDL.
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Determining Detection and Quantitation Limits - Designing
a Straightforward Procedure that Actually Works

Richard Burrows

TestAmerica, Inc.

4055 Yarrow St

Arvada, CO 80002

Eachard burrows(fitestamericaine.com

ABSTRACT

This presentation will discuss the development of a new procedure for determination of detection
and quantitation limits by an EPA sponsored Federal Advisory Commuttee. The new procedure
15 mtended to replace the current MDL procedure found in 40CFR Part 136, Appendix B.

The general concepts meorporated info the new procedure will be explored and the reasons for
several difficult decisions that went mto the development of the procedure will be discussed.
These decisions mclude:

Use of definitions for Detection and Quantitation that are different from those m ISO and
TUPAC standards

= Use of a two level detection / quantitation scheme rather than the three level scheme first
proposed by Currie

= Use of method blanks (rather than the spiked samples used in the current MDL) to
determine detection limits wherever possible
Use of ongoing verification rather than starting a new study every vear as it the case with
the current MDL
Items mcorporated into the verification process
How mmch data should be requured for detection and quantitation limit deternunations
Use of new concepts such as the “Lowest Expected Result™ (LER)
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282




NEMC 2008

TestAmerica

THE LEADER IN ENVIRONMENTAL TESTING

Determining Detection and
Quantitation Limits

Designing a Straightforward Procedure that
Actually Works

Richard Burrows

NEMC 2008

TestAmerica FACDQ

« Federal Advisory Committee for Detection and
Quantitation

« Established May 2005

« Recommend Detection and Quantitation

procedures for compliance monitoring under
40CFR Part 136

+ Provide advice and recommendations on policy
issues related to detection and quantitation
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TestAmerica FACDQ

THE LEADER IN ENVIRONMENTAL TESTING

» Participants drawn from
~ States
~ Regulated industry
~ Publicly owned treatment works
~ Testing laboratories
~ Environmental Community

TestAmerica What do we need a Procedure
e to do?

+ MQOs
~ Produce an estimate of bias
~ Produce an estimate of precision
~ False Positives
~ False negatives
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TestAmerica  What do we need a procedure
e s to do?

« Incorporate temporal variability

« Reflect routine performance

+ Address matrices

+ Evaluate the entire test method

« Address blank bias

« Address intermittent blank contamination

TestAmerica Other considerations for
THE LEADER I ENVIRCMENTAL TESTING procedures

* How complex is the data to process?

« How complex is the procedure to implement in
the laboratory?

* |s the procedure clearly written?

» Does he procedure communicate
detection/quantitation concepts?
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TestAmenco Methods with numerical blank

e ———— results
' Check QL
Use n_“lethod blanks All results > DL?
DL = Mean +ts RSD OK?

'

Estimate QL

_ Recovery OK? |

l

At least 2X DL Ongoing
: Quarterly QL
l verification
Periodic
Check QL with reassessment of
spikes <X>+1ts
|

AL TESTING

Teszmenco Methods with no or infrequent
numerical blank results

Check QL spike |
Use spikes results
QL = Spike level > DL (or meet id
* criteria)
Check MQOs
RSD OK? Ongoing periodic
Recovery OK? spikes
Y
Estimate
DL=ts
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w Decision 1

+ Modify the definitions for detection and
guantitation from those used by ISO/IUPAC

w Europe vs US

L]

Rugby e American Football

Cricket I Baseballl
Metric I |mperial
DL definition  Inmmm—mp> 77

L]
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TestAmenca  pefinition GBI IR

THE LEADER IN ENVIRDNMENTAL TESTING

+ The detection decision point is defined as the
Critical Value (Lc) alternatively referred to as
the Critical Level This is set at the standard
deviation of the blank times a constant, which is
directly related to sample size and the
confidence level desired (normally 99%).

« Detection Limit (DL): The minimum result

which can be reliably discriminated from a blank
(for example, with a 99% confidence level).

TestAmerica Detection Limit Definition

THE LEADER IN ENVIRDNMENTAL TESTING

* IUPAC definition fails if:
~ Blank results do not average zero
~ Non-normal distribution
~ |ntermittent blank results

+ FAC definition accommodates all these
issues
~ Detection Limit (DL). The minimum result which

can be reliably discriminated from a blank (for
example, with a 99% confidence level).
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Tes’rAm_e_nco Definition of Quantitation Limit

THE LEADER IN ENVIRDNMENTAL TESTING

+  Quantification capability is defined as the Minimum
Quantifiable (true) Value (Lq) or alternatively the
gantification Limit. This is set at a known level of
RSD, normally 10%. Empirically others have simply set it
at 10 times the standard deviation of the blank assuming
constant variability in this region.

+  Quantitation Limit (QL): The smallest detectable
concentration of analyte greater than the Detection Limit
(DL) where the accuracy (precision & bias) achieves the
objectives of the intended purpose.

+ Lab Quantitation Limit (QL,,): The smallest detectable
concentration of analyte grea?er than the Detection Limit
(DL) where the accuracy (precision & bias) demonstrated
by the laboratory achieves the objectives of the intended
purpose.

TesiAmenca  quantitation Limit Definition

THE LEADER IN ENVIRDNMENTAL TESTING

+ Limitations of IUPAC definition
~ No consideration of bias
~ Assumes constant standard deviation

~ 10% RSD is not achieved even in the middle of
the calibration curve for some analytes

~ No relation to objectives

+ Quantitation Limit (QL): The smallest
detectable concentration of analyte greater than
the Detection Limit (DL) where the accuracy
(precision & bias) achieves the objectives of the
intended purpose.
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w Decision 2

THE LEADE

« Use a 2 level detection / quantitation scheme
with a critical level and a quantitation limit

* Do not use a three level detection / quantitation
scheme with a critical level, a limit of detection
and a quantitation limit

Tes’rAmenCQ Why use a 2 level DL/QL rather

THE LEADE

than a 3 level DL/QL?

L]

Currie defined three levels, L, Ly and Lg
L = Ciritical level

~ Lowest result that can be reliably distinguished
from a blank

* Lp = Limit of Detection

~ Lowest true concentration that can be reliable
detected (ie lowest true concentration that reliable
returns a result greater than L

+ Lg = Limit of Quantitation

~ The lowest true concentration at which the
precision of result is adequate for quantification
(often considered to be 10%RSD)

*
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w Illustration of Ly

THE LEADER IN ENVIRDNMENTAL TESTING

Distribution of true concentration at L
(lowest concentration that results
in reliable detection)

TestAmerica Problems with L

THE LEADER IN ENVIRDNMENTAL TESTING

* Lp can be readily determined if we make the
assumptionthat Lp =2 x Le
* Lpassumptions
~ No blank bias
~ Constant variance
~ No issues with qualitative identification

If we cannot assume that L, =2x L,
then L, is almost impossible to
determine
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TestAmerica Reasons for the 2 level
e procedure

* Lpturns out to be close to Ly in most cases

« The current MDL/ML process is a two level
scheme

 Critical level (MDL)

+ Quantitation limit (ML)

~ Changing to a three level scheme would have
severe implementation problems for laboratory
reporting and regulatory use of data

Percent RS0

Phenol RSDs by Spike Level

\ —8— Lab33
—8— Lat3g
\ \ Lab
100 Labgz
\ \ - Lanee
0 = |_aba4,
T+ \ \ ——Latas

- i

Spike Concertration (ugil)

From Ken Milfer, CSC
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w Decision 3

+ Use method blanks to determine the detection
limit wherever possible

~ The level of contamination or instrument bias has
a very significant impact on the detection limit, and
the degree of impact can only be determined with
blanks

~ A large population of routine blanks is available,
since they are analyzed along with every
preparation batch

~ No problems regarding selection of the correct
spiking level

~ Blanks work best!

w Decision 4

Ll

» Include a process for verifying the determined
detection and quantitation limits

~ There is ho requirement to verify MDL or ML in the
current Part 136 Appendix B, but.. ..

~ The need for verification is widely recognized
= Reqguirements for DL and QL verifications in NELAC
- Requirements in recent methods
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w Verification details

THE LEADER IN ENVIRDNMENTAL TESTING

» Evaluate blanks
~ |f 5% or more have results above the DL, elevate
the DL accordingly
= Intermittent blank problem
= Non-normal data
« Evaluate QL spikes

~ If 5% or more give results that are below the DL or
fail qualitative identification criteria raise the QL
accordingly

~ Check the precision and accuracy

~ Check the LER

w Decision 5

THE LEADER IN ENVIRDNMENTAL TESTING

* How much data is required?

~ Currently the Part 136 Appendix B procedure
requires 7 replicates. These are generally
analyzed all on one day, and the evaluation is
generally repeated every year, although neither of
these requirements is found in the procedure
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w Amount of Data

THE LEADER IN ENVIRDNMENTAL TESTING

« Startup

~ Minimum of 7 blanks (for the DL) and 7 spikes (for
the QL).

~ Required per instrument
+ Ongoing
~ Minimum of 4 spikes per year. One blank in each
preparation batch

~ If multiple instruments, minimum of two spikes per
instrument

Balance between cost and rigor
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TestAmerica Decision 6
e pe———— Lowest Expected Result

X :*OL
LER = S_ = (S % t(n—l,l—a’=0.95))

+  \Where s is defined in std dev of spikes
+  \Where X is the mean concentration result from the QL spikes.

+ tisthe 95th percentile of a f distribution with n-1 degrees of
freedom.

» 8L is the spike level used for the CL spike sample.

TestAmerica LER

THE LEADER IN ENVIRDNMENTAL TESTING

+ Lowest Expected Result (LER)
~ Analyte with 100% recovery

Distribution of true conc
LER at the QL

Il
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TestAmerica LER

THE LEADER IN ENVIRDNMENTAL TESTING

+ Lowest Expected Result (LER)
~ Analyte with 50% recovery

LER Distribution of true conc
spiked at the QL

/

0 DL QL
n QL needs to be adjusted up
TestAmerica LER
+ Lowest Expected Result (LER)
~ Analyte with poor precision
Distribution of true conc
i at the QL
|
0 DL QL

QL needs to be adjusted up

—
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TestAmerica LER check, method 524.2

THE LEADER IN ENVIRDNMENTAL TESTING

+ 13 samples, spiked at QL

« No false negatives for any analyte that passes
the LER test

* 10 analytes that failed the LER test had between
1 and 13 false negatives

TestAmerica Improvements vs. the MDL

THE LEADER IN ENVIRDNMENTAL TESTING

Detection Limit

« Uses ongoing routine data
~ MDL was a shapshot in time

« Blank bias explicitly included
~ MDL calculation does not involve blank bias

» Verification a key part of the procedure
~ MDL does not require verification

298




NEMC 2008

Tes’rAme_riQG Improvements vs. the ML

THE LEADER IN E bl AL TEST

Quantitation Limit

« Considers variance and accuracy
~ ML considers only variance

« Failure to consider gualitative identification
~ Yes, Qualitative identification is verified

« Variance is based on assumption of constant
variance and is not verified

~ Yes, actual variance is measured

TestAmerica Next Steps

THE LEADER IN E bl AL TESTING

+ Pilot test of the procedure

« Procedure modifications, if indicated by Pilot
results

* Proposed rule
« Public Comment
« Final rule
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TestAmerica

« All opinions expressed are those of the author,
not necessarily of the FAC

RULSELONG?
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