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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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Vapor Intrusion Investigations and Site Assessment Using
Passive Sampling Techniques

Jim Wheizel

WL, Gore & Associates, Inc.
100 Chesapeake Boulevard
Elkton, MD 21921
410-392-7600

jwhetzel @wlgore com

ABSTRACT

Chenucals having sufficient volatility can partition to the vapor state and be present in
concentrations i air, soil gas, and sub-slab soil gas that may pose a risk to humans. The
sampling of soil gas and air provides a direct measurement of the chemicals in those media,
while inhalation represents the most direct exposure route to those chemicals. Numerous
technical bulletins, methods, and guidance documents have been and are being produced by state
and national organizations, technology vendors, consultants, and service providers to mform the
mvestigator on the complexities of vapor sampling mn terms of the sampling procedures and the
data interpretation. These documents tend to be focused on active sampling techmques whereby
a vapor sample 15 mechanically withdrawn from soil and air.

Passive sampling is an alternative method used to collect volatile and semi-volatile organic
compounds in vapor, with potentially less variability, more accuracy, and at significantly
reduced costs. Passive samplers are generally nunimally intrusive, easier to deploy and operate,
report a wider range of volatile and semi-volatile organic compounds, and can be used in
challenging geological settings, when compared to active techmiques. Passive vapor sampling is
a time-mtegrated approach, and when coupled with an appropriate analytical method, allows for
the detection of compounds not only at site screening levels (e.g., m sodl gas), but at
concentrations low enough (ppb, ppt) to address vapor intrusion risk-based screening levels.

Passive so1l gas sampling has been used for decades m site screening applications, and has
provided a proven, cost-effective method to focus subsequent more invastve and expensive sife
sampling, while optimizing remedial programs and reducing long-term monitoring costs. The
vse of passive samplers in vapor intrusion mvestigations is also growing, where the benefits of
passive sampling are being realized bevond a simple site screenng tool. This presentation
mcludes examples on how passive sampling 15 used in sife assessments, and how 1t 1s now being
utilized in vapor mntrusion nvestigations. The presentation will also include a description of a
versatile, membrane-based, adsorbent passive sampler.

NEMC 2008
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Vapor Intrusion and Site Assessment Using
Passive Sampling Techniques

Jim Whetzel and Jay W. Hodny, Ph.D.
W.L. Gore & Associates, Inc.

National Environmental Monitoring Conference
August 11, 2008

]

Outline
Part |

* [ntroduction
s Benefits of passive soil gas sampling
* Membrane-based passive sampler

Part Il

* Sijte Assessment

Part Il|

¢ VaporIntrusion

Conclusions

© 2008 W L Gore & Asso it tes ]
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Passive Vapor Sampling Techniques

Adsorbent

Passive Sampling ingide neide
glass vial hygiene
» Adsorbent deployment openon badge

end

+ Simple operation
« No forced extraction
« Reduction in error

Adsorbent inside
vapor permeable,
waterproof
membrane

T
© 2008 W L Gore & Asso it tes P

Benefits of Passive Soil Gas Sampling

e Rapid, inexpensive, unobtrusive installation & retrieval
— Minimal operator & field sampling error

* Minimal access limitations

® Time-integrated sampling
— Sensitivity to low concentrations (sub ppbh-ppm)
— Sensitivity to broad range of compounds: VOCs, SV0OCs, PAHs
— Minimizes sampling variability

e Virtually any soil and moisture condition

e No forced extraction

* No mechanical parts or connections

* No energy required

© 2008 W L Gore & Asso it tes ]
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s
Why Passive Soil Gas Sampling?

Soil Gas Sampling

4 4
z| g| &
o| ¥ Um
v & F
(4] o
=)
=
S
s £ Passive
2 “
2 =
8 (L]
(L] _5 "’ o)
Volatile Semivolatile
Shorter Sampling Longer Sampling

Organic Compound Universe

v'Time integrated v Works in virtually any soil condition
¥ Sensitive to a broader range of compounds at lower concentrations

Grode
@ 2008 W. L Gore & Associates Tepholegis

GORE™ Module

e GORE-TEX® Membrane
— Chemically inert, waterproof, vapor permeable 4%
— Designed for vapor diffusion o
Hydrophobic, engineered sorbents
- VOCs, SVOCs, PAHs
Sample analysis
— TD\GC\MS (Modified EPA 8260/8270)
- Duplicate samples
Direct compound detection

Sample integrity protected

us EPA ETY (Aug 1998)
R? = 0.82-0.99

D 2008 W, L Gore & Associates
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Soil Gas Sampling
e Surface to any depth

Subslab Soil Gas Sampling
e Any depth

Permanent port Angle beneath slab

Vapor Intrusion Investigation -
Courtesy of Ecology & Environment

Kansas Department of
Health & Environment

Samplerinsertion
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Air Sampling
® |ndoor

e Qutdoor
¢ Crawlspace

- g

Indoor air

Crawlspace air

2008 W. L, Gone & Assockstes

Groundwater/Sediment
Sampling

River Sediment -
Courtesy Marion
Environmental

Arnold AFB: Site Characterization

Objectives and Obstacles

— Numerous utilities

— Find contam. sources and extent
— Large heavily industrialized area

— Broad range of compds incl. mercury

Potential Conventional Drilling Plan

—Rotasonic drilling with minisonic rig

—GW - bailer sampling, Soil - grab

—600 locations over both sites

© 2008 W. L. Gore & Associstes E:w
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Arnold AFB: Site Characterization

Approach Used - PSG Survey
—28 and 26 acre sites
-542 and 358 GORE™ Modules

—Hand-held compression drill

-3/4 inch uncased holes, 2’ depth
—-12-14 day exposure
—Grid spacing 15 and 50 ft

© 2008 W. L. Gore & Associstes E‘:w

SWMU 101 - Engine Test Facility

O Not previously identified as a
potential contaminant release area
GW-ugll
PSG - ug — Total Target VOCs
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SWMU 102 - Propulsion Wind Tunnel

28,000
5,70

O Mot previously identified as a
potential contaminant release area
GW - ug/L

P5G - ug - Total Target CVOCs

Arnold AFB - Survey Results

» High resolution delineation
» Solvents, fuels, and mercury detected
* Less labor, reduced utility risk, data collection in limited
access areas
—Eliminated »550 conventicnal sampling locations
—» %1 Million saved
- 75% Cost Reduction (field sampling alone)
— Remediation program optimized and costs reduced

—Long term monitoring cost reduced

E}E

2008 W L Gare & Assods tes
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Vapor Intrusion

T T ] [Ty [irr
Suhslllah Tt rl:wilpa'ii:e'. II
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1 1 ] ]

-

U ;HHI%

-— L
=
=
—
o

NAPLT o

GW Impact
Monitoring Well
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Colrsimibeam dyitvara vons

© 2008 W L Gore & Assovstes ]

Deriving Concentrations

e Quantify (measure) uptake rate
— Experimental conditions
* [Exposure period
s Quantify (measure) mass desorbed
¢ Adsorption/desorption efficiency (SF)
* Soil gas*
— Eff. Diff.=fTtotal porosity, water-filled porosity]*
» Johnson-Ettinger, Millington-Quirk

Conc = flvolume= f(uptake rate, time), SF, mass,
s0il*]

— Approach — IH methods-solid, sorbent-based diffusion samplers
— ASTM 6306 (1998); 6246 (1998); 4597 (1987)
— MDHS 70 (1990); 80 (1995); 27 (1983)

T
© 2008 W L Gore & Assovstes P
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Indoor Air Data

- PCE
- linear uptake

- stable concentration

Air Monitoring - Light Manufacturing Facility
PCE Uptake over 30 Hours

Facility

160.00

140.00
120.00

100,00

&0.00

50.00

Conc., ng/m3

40.00

20.00

0.00 5.00 10.00 15.00

Time, Hrs

20,00

2500 30.00 3500

© 2008 W. L Gose & Associates

| GORE

Indoor Air Data
- Naphthalene
- linear uptake

- stable concentration

250.00
200.00
150.00
100.00

Mass, ng

50.00

0.00

Air Monitoring - Home Basement
MNaphthalene Uptake Over One Week

y = 1.3586x + 3.6717

R=0.964

e

T T T T T T

0.00 2000 4000 6000 &O0.00 100.00 120.00 140.00 160.00

Exposure Hours

Air Monitoring - Home Basement
Naphthalene Calculated Concentrations

ﬂE 2500.00
D 2000.00 *

= Ld

- ® o ° e * o

5 150000 o * - e
§ 1000.00

=

& 50000

=
8 o000 : : .

0.00 50.00 100.00 150.00
Exposure Time, Hours
T JOUE W L. TE & RS ey

]
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Method Detection Limits: Air

=
-]
o
-5
-
2 030
0.20
0.10
0.00 T T T T r T
2 4 6 8 12 14 16 18 20 24 48 72
Exposure Time, Hours
Tetrachloroethene

2008 W L Gare & Assodstes

Method Detection Limits: Soil Gas

35.00

30.00 -\

25.00
> —&— Dry Sand
< 20.00 -
(=%
3 —-Wet Clay
g 15.00

2 4 6 8 10 12 14 16 18 20 22 24 48 72
Exposure Time, Hours

Tetrachloroethene

2008 W L Gare & Assodstes
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Vapor Intrusion Concentration Example

Example Adsorption Curves

035 %

085 1— 10 ppm =50 pprm =—— 100 ppm 1 ;Jp:r-! H

1 1 H

I :

03 /oynamic 100 ppm H
RANGE

_ MOST
5 ACCURATE

\

FOR EQUILIERIUM \
CONC. RANGE:
CALCS ]
P 1 TYFICAL OF
SCREENING
/ / SURVEYS

Mass Adsorbed (mg)

Slopes vary in

T
I
]
]
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[7

i/

\

i

t ’ 1

10 ppm . I

1 I

- : !

" 4 30 36
Exposure Time (hrs)

D 200BW. L. Gore & Associales

Dry Cleaner Sites, Kansas

® Passive Soil Gas Surveys

Three foot depth,

exterior

Base of slab — tight clay

Two-day exposure

Indoor air and sump air sampled

e Active (Subslab) Soil Gas Surveys

One month later

Permanent, sealed ports

1L canisters, no flow controllers

— Grab samples - 3 to 4 minutes

No tracer check

2008 W L Gare & Assodstes
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Dry Cleaner Sites, Kansas

Wiide -

APARTMENTS : t_‘

APARTMENTS

o H !
[LEC-FLTE R P ]

D 2008 W. L Gose & Associates

Dry Cleaner Sites, Kansas

TCE cis-1,2 DCE
# Passive Active Passive Active
1 nd ths nd ths
2 373 ths 338 ths
3 795 98.9 107 158
4 65.9 612 253 219
£ nd ns-water nd ns-water
6 nd nd nd nd
7 nd nd nd nd
8 nd nd nd nd
9 nd nd nd nd
10 9,440 31,400 6,720 324,000
11 142 378 12.8 nd
12 1,310 2,670 183 nd
13 314 1,460 nd nd
14 190 699 nd nd
15 303 557 nd nd
16 772 2,750 73.6 nd

nd-non detect
ths - to be sampled

ns - not sampled S58>420 ug/m3 | | Air>42 ug/m3 Source: Kansas DHE
R e

2008 W L Gare & Assodstes
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Dry Cleaner Sites, Kansas

PCE
Calculated Subsilab Soil Gas Concentrations
Compared to Measured
140,000
Passive

120,000 5
o \ Active
E 100,000
o
-
¢ 80,000
8
£ eoooo
3
o
£ 40,000
[£]

20,000

e T T T T
3 4 i 7 8 g 11 12 13 14 15 16
Subslab Sample Locations
© 2008 W, L Gore & Assosates Ty BrEoee
Conclusions
Site Assessment

* High resolution image

* |dentify previously unknown release areas
* Focus RFl sampling

» Qvercome access limitations

= Significant time savings

Vapor Intrusion
* Simple installation

— Minimize field errors
* Versatile

— ground water, soil gas, sub-slab, crawl-space,
indoor air

* Very Sensitive First look
* Estimated vapor concentrations

© 2008 W L Gore & Assovstes ]
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Conclusions

Passive soil gas sampling is...
s Simple
o Effective

e Versatile

¢ Saves Money

© 2008 W L Gore & Asso it tes ]

THANK YOU!

CH2M Hill
KDHE

For more information, contact:
jwhetzel@wlgore.com
jhodny@wlgore.com

WWw.gore.com/surveys

E

i
!

02008 W L Gare & Assocs tes
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EPA Method TO-15, EPA Method TO-17 and British
MDHS 80 Comparisons: DoD Regional Groundwater Plume
and Residential Vapor Intrusion Measurements

Joseph E. Odencrantz, Ph.D., P.E.

Beacon Environmental Services, Inc. 2121 Yacht Yankee, Newport Beach, CA 92660
joe.odencrantz@beacon-usa.com

Harry 0" Neill

Beacon Envirommental Services, Inc.. 323 Williams Street, Suite D, Bel Air, MD 21014
Shirley J. Steinmacher, MWH

10619 5 Jordan Gateway, Suite 100, South JTordan, UT 84003

Jarrod D. Case

Hill Air Force Base, Department of the Air Force, Environmental Restoration Branch, 75th
CEG/CEVOR, Building 5. 7274 Wardleigh Road. Hill Air Force Base, UT 84056

Paul C. Johnson, Ph.D.

Arizona State University, Brickyvard BY 640, 699 5. Mill Avenue, Tempe, AZ 85281

ABSTRACT

Sampling indoor air for potential vapor intrusion mpacts using current standard 24-hour sample
collection methods may not adequately account for temporal variability and detect contamnation
best represented by long-term sampling periods. Mr. Henry Schuver of the U.S. EPA OSW stated at
the September 2007 A&WMA vapor intrusion conference that EPA may consider recommending
longer-term sampling to achieve more accurate time-weighted-average detections.

Investigations at Hill AFB, Utah, have evaluated vapor-intrusion-to-indoor-atr impacts
originating from groundwater plumes contaminated with volatile organic compounds
(predominantly trichloroethene [TCE]) emanating from the Base and migrating beneath adjacent
residential comnmmnities. To date, over 5,000 24-hour indoor air samples have been collected m
residences.

In November 2007, mndoor air at four residences was sampled to measure TCE concentrations
over short- and long-duration mtervals. A carefully designed mvestigation was conducted
consisting of triplicate samplers for three different mvestigatory methods: dedicated 6-liter
Summa canisters (EPA Method TO-15), pump/sorbent tubes (EPA Method TO-17), and passive
diffusion samplers (MDHS 80). The first two methods collected samples sinultaneously for a
24-hour peniod, and the third method collected samples for two weeks. The testing began
Wovember 12, 2007, and at the time of abstract subnussion the results from passive diffiision
samplers were not completed.

Data collected vsing Methods TO-15 (canisters) and TO-17 (tubes) provided reliable short-
duration TCE concentrations that agree with prior 24-hour sampling events i each of the
residences; however, the passrve diffusion samplers may provide a more representative fime-
weighted measurement. The ratio of measured TCE concentrations between the canisters and
tubes are consistent with previous results and as nmch as 28 0ug/m3 was measured.

NEMC 2008 1
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A comparison of the sampling procedures, and findings of the three methods used i this study
will be presented.

INTRODUCTION

For the past several years, Summa canisters have been used routinely in the United States for air
quality studies, including indoor air vapor intrusion studies. They have become the reference
standard used for quantifying volatile organic compounds in investigations and risk assessment.
To date, sorbent tubes and passive diffusion samplers are less commeonly used as a tool for
mdoor air and vapor mntrusion assessment in the United States, however, they are used routinely
throughout Europe. The subject study was designed to compare these three methods at four
residential locations suspected of being impacted by groundwater-to-indoor air vapor mntrusion.
Sorbent tubes with constant air flow and passive diffusion tubes are likely to become mainstays
of air sampling in the Umted States because of several 1ssues associated with the use of Summa
canisters that will be presented later m this paper. Vapor intrusion guidance documents for the
US.EPA, as well as leading state environmental agencies, reconunend collection of gas samples
by etther Method TO-15 {camsters) or Method TO-17 (sorbent tubes).

There 15 a growmg concern that the current standard 24-hour collection period used to samyple mdoor
air for potential vapor mtrusion impacts may not adequately account for temporal vanability and
detect contamination best represented by longer-term sampling periods. ©Mr. Henry Schuver of the
1.5 EPA OSW stated at the September 2007 A&WMA vapor intrusion conference i Providence,
RI that FPA may consider recommending longer-term sampling to achieve more accurate tune-
weighted-average detections. The purpose of the research described in this paper is to examine the
longer sampling time using passive diffusion tubes and to compare these results to shorter-term
testing periods using canisters and sorbent tubes. In order to set the stage for where the research was
conducted and how the necessity of the testing came to be, the following paragraphs provide some
baclground on the setting and scope.

Areas of groundwater contamination at Hill Air Force Base (AFB). Utah have been organized
mto 12 Operable Units'. Nine of the 12 Hill AFB OUs contaminated with volatile Organic
compounds (VOCs) have portions of shallow groundwater plumes that underlie Hill AFB
buildings and seven residential communities. Previous indoor air quality sampling in areas of
shallow groundwater indicates vapor phase contaminants are more Likely to be present i the
mdoor air of overlving buildings. Up to 2,200 homes may be impacted by vapors emanating
from the soil gas above these groundwater plumes, and some residences even have indoor sumps
contammng the contaminated groundwater from these plumes.

Besidential indoor atr sampling has been conducted at off-base residential locations since 1997 in the
seven communities surrounding Hill AFB. The sampling has been conducted to test for the presence
of indoor air vapors potentially originating from dissolved volatile organic compounds (VOCs) m
grovndwater plumes. The VOCs dissolved m the groundwater origmating from nine operable units
{OJs) on Base are capable of moving upward through the soil and posing a potential long-term
human health risk in residential indoor air if those vapors enter homes above the plume. Cver 1,300
mdrvidual residential locations have been tested using over 5,000 individual 6-liter stainless steel
Summa sample canisters,

NEMC 2008 2
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Hill AFB communicates indoor air results with homeowner/residents, discussing the level of risk
present and options for installing a mitigation system if contaminants are above mitigation action
levels. Indoor atr monitoring programs are implemented. with a focus of collecting at least one
sample during the winter, at residences overlving or in proximity to contaminated groundwater.

The frequency and schedule of the monitoring program is dependent on the concentrations
measured and whether a nutigation svstem is mstalled in the residence.

OVERVIEW OF EXPERIMENTAL METHODS

Investigations at Hill AFB, Utah have evaluated vapor-intruston-to-indoor-air tmpacts
origmating from groundwater plumes contaminated with velatile organic compounds
{predomunantly trichloroethene [TCE]) emanating from the Base and migrating beneath adjacent
residential comnmnities. To date, over 5,000 24-hour mdoor air samples have been collected m
residences.

In November 2007, indoor air at four residences was sampled to measure TCE concentrations
over short- and long-duration mtervals. A carefully designed mvestigation was conducted
consisting of triplicate samplers for three different mvestigatory methods: dedicated 6-liter
Summa camsters (EPA Method TO-15), pump/sorbent tubes (EPA Method TO-17), and passive
diffusion samplers (British Method for the Determunation of Hazardous Substances [MDHS] 80).

It has been established in numerous studies since 1992 that Summa canisters are the reference
standard for air sampling in the United States. Sorbent tubes with pumps. however, are also
approved and/or suggested for use in vapor mntrusion testing by the US. EPA-, the ITRC® and the
State of New Jersey™. It should also be noted that Dr. DiGmlio of the T1.S. EPA states” Method
TO-17 “has several advantages including, rigorous QA'QC requirements, conunercially
available thermal desorption vnits and a large selection of sorbents, small size and weight of the
sorbent and equipment. and the possibility of moisture management by dry purging and sample
splitting prior to injection into the gas chromatograph..” The ITRC” Guidance Document states
that passive diffusion sampling is a viable alternative for vapor intrusion assessment.

FIELD SAMPLING PROGRAM

MWH contracted Beacon Environmental Services, Inc. (Beacon) to collect air samples using
three different sample collection media‘’equipment at four different residences. Three units
{triplicate) of each sample collection device were set up sinmltaneously in each of four homes
and mm for erther 24 hours or two weeks. The first two methods (EPA Methods TO-15 & -17)
collected samples sinmltaneouslty for a 24-hour period, and the third method (MDHS 80)
collected samples for two weels. The testing began November 12, 2007,

The first sample method incorporated 8-liter stainless steel Summa canisters and flow controllers
already dedicated to the Hill AFB residential sampling program at each site. All flow controllers
were set to collect whole air for 24 hours at elevations of approximately 4,200 feet above sea level.
The canisters were dedicated to the Hill AFB residential sampling program after they were
mdrvidually certified clean. Following dedication to the program, camisters have been batch-
certified clean. All Summa canisters and flow controllers have been tracked since the dedication of

these canisters over four vears ago. An historical review of the sample data from the twelve
canisters used in this study show no TCE detections over 242ug/nr’; and no evidence of carryover
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was seen in any of the canisters used for this air sampling method study. The Summa canister
analvses for this study were performed at an analytical laboratory located m Simi Valley, California
using Method TO-15. Sample camsters are pressurized with hnmidified mitrogen to drive the sample
from the camster and mto the gas chromatograph/mass spectrometer for analysis in scan mode.
Reporting limits in an undiluted sample for TCE is 0. Tug'nr.

The second sample method utilized PAS 500 low-flow mini-pumps that drew indoor air at a flow
rate of 20 mL./'min for 24 hours through special sorbent-packed *&-inch diameter stainless steel tubes.
The flow rates of the punps were measured using a WIST traceable flow meter at the beginming of
the sampling event and then agaimn at the end of the sampling event. The sorbent tubes were
analyzed by U.S. EPA Method TO-17 by Beacon, using a Thermal Desorption System connected to
a gas chromatograph/mass spectrometer (TD-GC/MS). The TD system allows for the recollection
during analysis of the sample split onto a secondary, clean sorbent tube. This advanced feature
eliminates the prior “one-shot” lmitation of Method TO-17 where duplicate or confirmatory
analyses were not possible. The reporting linnt for TCE 15 0 3ug'm3.

The third sample method utilized passive diffusion samplers (PDS). consisting of Y¥-inch diameter
stainless steel tubes packed with a custom adsorbent. During sample collection, one end of the tube
remained sealed and the other end was fitted with a sampling cap to allow for the free diffusion of
compounds onto the adsorbent without the need for a porous membrane. These tubes were exposed
to indoor air for two weeks and were analyzed following U5 EPA Method TO-17 by Beacon using
the above mentioned Thermal Desorption System connected to a gas chromatograph/mass
spectrometer {TD-GC/NMMS). The reporting limit for TCE is 0.5ug/'m3.

RESULTS/DISCUSSION

Data collected using Methods TO-15 (canisters) and TO-17 (sorbent tubes with pumps) provided
reliable short-duration TCE concentrations that agree with prior 24-hour sampling events in each
of the residences and the passive diffusion sampler (PDS) time-weighted measurements tracked
very closely to the TO-17 results. The results of the testing program are presented below in
Table 1. The measuwred TCE concentrations are consistent with previous results with as much as
28ug'm’ measured. The PDS results are consistently lower (on the average) than both the TO-15
& -17 concentrations and the effects of time-weighting of the samplers are more evident at
mereasing concentrations. The effects of time-weighting the sampling process over a two week
period reproduced the relative change from residence to residence. The TO-17 results more
closely track the PDS concentrations with a range of 3.5 to 30% lower concentrations for the
two-week versus 24-hour sampling periods, respectively.

[Intentionally Left Blank]
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Table 1. Results of Indoor Air Testing Near Hill AFB, Utah Nov. 12-26, 2007

Compound TCE
Lnits ugm3
Lak Beacon Air Lalk Esacon
Method TO-17 TO-15 | MDHS 80
Exposurs |24 hr Tube| 24 hr Can| 2 wk POS
Location
8158 20.4 28 121
8158 15.1 27 11.7
8158 10.9 19 10.85
B016 1.9 3.3 1.8
8016 2.0 3.6 1.7
8016 2.2 3.6 1.8
8116 <i].3 <(.7 =(.5
8116 <i].3 =.7 =.5
8116 <i].3 <. 7 =(].5
8078 1.2 1.8 1.0
8078 1.1 1.8 1.0
8078 0.9 1.7 1.1

The data collected using Methods TO-15 {canisters) and TO-17 (tubes) provided reliable short-
duration TCE concentrations that agree with prior 24-hour sampling events in each of the
residences, and the passive diffusion samplers provide time-weighted measurements over a fwo-
week period. The ratio of measured TCE concentrations between the canisters and tubes are
consistent with on-going research®.

The following is a summary of the research completed m the study and are not m any particular
order of importance.

* The purpose of the indoor air sampling study was to compare the side-by-side testing results
of 24-hour Summa canisters, 24-hour active sorbent tubes (usmng small low-flow pumps), and
14-day passive diffision sample tubes. The field-based study took place m four residential
locations i triplicate near Hill Air Force Base, Uiah.

+ The active sorbent tubes, Summa camisters and the long-term passive diffusion tubes (PDS)
all measured the same trends relative to each residence.

* The PD5 results are consistently lower (on the average) than both the TO-15 & -17
concentrations and the effects of time-weighting of the samplers are more evident at
mcreasing concenirations. The effects of time-weighting the sampling process over a two
week period reproduced the relative change from residence to residence.

*  FRegardless of the method used, each had strong agreement among the three reported
concentrations within each home for each method.
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ABSTRACT

The mcrease in regulatory oversight at vapor intrusion sites nationwide, as well as recent
publication of Federal and local vapor intrusion guidance documents and screening levels has led
to a need for reliable air phase (indoor air and sub-slab/soil vapor) data at extremely low
concentrations. This paper will explore and discuss the importance of media cleanliness and
certification to achieve typical low level data quality objectives.

Several potential pathways of media contamination will be examined, including: camisters, flow
controllers/critical orifice assemblies, vacunm gauges, and canister pressurization/fill stations m
the laboratory.

Several contamination situations will be explored and quantified. The resulting data will be used
to support laboratory and field sampling best practice recommendations.

INTRODUCTION

Thorough cleaning and certification of canister media has long been an accepted practice in the
laboratory community. However, similar cleaning, certification and general care with the
associated candster sampling media (e g flow controllers and vacuum gauges) has been less
commonly discussed and practiced. Since all of this equipment is cleaned and reused, 1t is
critical, especially for ultra low level projects, to ensure that every piece of equipment used to
collect a sample has been properly cleaned and certified by the laboratory perfornung the
analysis,

In addition to being described i detail in the EPA TO-15 method’, the importance of camster
cleaning and/or the canister cleaning technique 1tself has been dfscnbed i several historical
documents, such as canister stabﬂm studies by Batterman et. al*, Ochai et. al’, and Brymer et.
al®. These documents all describe a cleaning procedure using sream cleaning & heat. More
recently, camster cleaning has been briefly described in the South Coast Adir Quality
MManagement District |’SC—‘LQ"\1ID]| I»Iulnple Auar Toxics E:;posure Study IIT (MATES IIT)', in the
literature by Wang et. al®, and at technical conferences’. To date, cleaning and other maintenance
of associated canister e.:unp]jng equipment (e.g. flow controllers, vacuum gauges) has not been
described in great detail in the literature.

The EPA TO-15 method mentions cleaning of the “sampling system components™ by rinsing
with HPLC grade water and drying in a vacuum oven at 80°C*. Restek Corporation recommends
cleaning “the entire sampling tr'uu as vou would the can to muinimize mtroduction of
contaminants into a clean can™. Entech Instruments recommends bacldlushing of flow
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controllers with nitrogen/zero air and/or baking the flow controllers i a 70°C oven for higher
level applications.”

Since most commercial air analysis laboratories analyze canister samples from a vanety of
applications, including mdoor/ambient air monitoring (typically lower concentration samples,
sometimes in the low ppbVihigh pptV range) and soil vapor/soil vapor extraction (SVE) system
monitoring (typically higher concentration samples, sometimes in the high ppmV range), the
potential exists for cross contamination and false positive results. The purpose of this paper is to
explore the potential data quality implications of equipment cleaning & segregation practices (or
the lack thereof) m the laboratory. Specifically, the issue of “carryover” or “memory™ in air
sampling equipment will be addressed.

PROCEDURE

One test sample was created i a 6L electropolished stamless steel (SUMMA) canister with
elevated concentrations of a mixture of petroleum hydrocarbons and tetrachloroethene (this
sample 15 referred to as Sample A). The study was split mto two areas: contamination of flow
controllers (defined as mechanical devices contamning an orifice to restrict flow and a diaphragm
to maintam consistent flow rate, used for passive time mtegrated sample collection) and
contammation of vacuum gauges (used to check pressure upon receipt at the laboratory after

sampling).
Flow Controllers

Sample A was pressurized to 29 4 psig (3 atmospheres) and allowed to equilibrate for 24 hours.
It was then analyzed by Gas Chromatography/Mass Spectrometry (GC/MS) via EPA TO-15 to
confirm the actual concentrations of selected target volatile organic compounds (VOCs) and to
obtain a visual qualitative “fingerprint”™. Refer to Tables 1 & 2 for instroment conditions; refer to
Figure 1 for a GC/MS total ion chromatogram (TIC) fingerprint of Sample A

Table 1. Autosampler/Concentrator Conditions (EPA TO-15)

Instrument Tekmar-Dohrmann AUTOCan Antosampler, equipped
with Concentrating Trap, Cryofocusing Module, and
Vacunm Pump

Adsorbent Trap

Set Point 33C

Sample Volame Upto IL

Diry Purge 400 mL

Sampling Fate 40-100 mL/'min

Desorb Temp 230C

Desorb Flow Rate 10 mL'nun Helinm

Desorb Time 3 mimites

Bakeout after each mn 8 mimites at 260C

Refocnsing Trap

Temperamrs -180C

Injection Temperaturs 120C

Injection Time | mimmte
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Table 2. GC/MS Conditions (EPA TO-15)

Instrument GCMS #16 (Agilent 6820 GC/5975C MS)

Column J&EW DBE-1 MS 60m x 0.32mm D, 1 pm film
thickness

Carmer Gas UHF Helinm

Flow Rate | mL/nun

Temperature Program

Imtial Temperaturs: 35°C

Imitial Hold: 3 mamates

Famp Rate: 3°C/min to 123°C

2™ Bamp Rate: 20°C/min to 240°C; hold for &
numites

MSD Interface Temperature

280°C

Electron Energy

70 volts (nominal)

Mass Range

34-280 apm (SCAN mode)

Scan Trme

Mimmmm 10 scans/peak, not to exceed 1
zecond per scan

Figure 1. GC/MS TIC Chromatogram of Highly Contaminated Sample (Sample A)
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In addition, Sample A was analyzed by gas chromatography/flame ionization detection {GC/FID)
to obtam a fingerprint. Table 3 lists GC/FID conditions used and Figure 2 presents the GC/FID
fingerprint. For the purposes of this study, selected petrolenm mdicator compounds (n-hexane,

NEMC 2008

benzene, isooctane, and 1.2 4-tnimethylbenzene (1,2 4-TMB), n-decane, n-undecane, and
naphthalene’) were tracked m the forthcoming data tables and/or chromatgrams.

Table 3. GC/FID Conditions

Instrument GC/FID #19 (Agilent 38904 GC equipped
with Flame Jonization Detector

Column Restek Coroporation ETX-1, 60m x 0.33mm
ID. 5 pm film thickness

Carmier Gas UHP Helinm

Temperature Program

Initial Temperatura: §0°C

Initial Hold: 1 numate

Famp Fate: 12°C/muin to 220°C; hold for 1.5
numites

Injection Type

Mamal {{ mL gas aght syringe)

Figure 2. GC/FID Fingerprint Chromatogram of Highly Contammated Sample (Sample A)
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Contaminated air from Sample A was forced through two flow controllers (Vici Condyne Model
202, see Figure 3 for schematic) at a rate of 65 mL/mun for 62 minutes (total volume passed
through each flow controller was 4L). One of the flow controllers was then subjected to our
laboratory’s normal cleaning procedures (purged with high purity air at 30 ml/min m a 60°C
oven for 2.5 howrs); the other flow controller was used immediately to fill a cleaned and
evacuated canister (Sample B) with humidified zero air over approximately one hour. After the
first flow controller was cleaned, it was then used to fill a cleaned and evacuated canister
{Sample C) with humidified zero air over approximately one hour. Both Sample B and Sample C
{having final pressures of approximately 5.0"Hg) were then slightly pressurized with humidified
Zero air (to 3.5 psig) analyzed via EPA TO-15. Concentrations above the reporting limit {0.1-0.5
ng/m’) of target 91 target compounds were reported.

Figure 3. Schematic of Vici Condyvne Model 202 Flow Controller
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Vacuum Gauges

The pressure of Sample A was adjusted to approximately 10 psig. The pressure of Sample A was
then checked with a TIF 9675 digital pressure/vacuum gaunge (with necessary NPT/ Swagelok
tube adapting fittmgs attached, estimated dead volume in fittings 15 0.5 mL), sinmlating the
check done during sample log-in. Immediately after the high concentration sample, the pressure
of a fully evacuated simmlated “trip blank™ canister was checked on the same vacuoum gauge.
This mock trip blank camister (Sample Dywas immediately filled to 3.5 psig with humdified ultra
zero air and analyzed via EPA TO-15. The process was repeated, only after reading the pressure
of Sample A and before reading the pressure of the next mock trip blank, the gange and fittings
were evacuated with a vacuum pump three times, essentially flushing the dead volume with
room air. After the flushing, the pressure of a fully evacuated mock trip blank canister (Sample
E) was checked on the flushed vacuum gauge. Sample E was immediately filled to 3.5 psigwith
humidified ultra zero air and analyzed via EPA TO-15. Samples D & E (associated with Sample
A at 10 psig) represent a “worst case” sifuation, since most real world samples are recerved at
pressures <10 psig.
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The entire procedure described above was repeated with Sample A adjusted to 0 psig. to simulate
the receipt pressure of typical real world samples. Sample F is the mock trip blank without

flushing; Sample G is the mock trip blank with flushing.
For clarity, a complete listing of all sample names/descnptions analyvzed in this study is
presented in Table 4.

Table 4. Sample Names and Descriptions

Sample Name Description

Sample A Highly Contaminated Camster

Sample B Camnister filled via uncleansed flow controller

Sample C Canister filled via cleaned flow controller

Sample D Mock trip blank, pressure measured after measuring pressure of 10psig Sample A
(not fluzhed)

Sample E Mock trip blank, pressure measured after measuring pressure of 10psig Sample A
(flushed)

Sample F Mock trp blank, pressure measured after measuring pressure of Opsig Sample & (not
flushed)

Sample G Mock tmp blank, pressure measured after measuring pressure of Jpsig Sample 4
(flushed)

RESULTS

A distinet difference was observed in the quantitative and qualitative analysis of samples from
cleaned and vneleaned flow controllers, and flushed and non-flushed vacuum ganges. Figure 4
shows the GC/MS TIC chromatogram for Sample B (uncleaned flow controller); to contrast,
Figure 5 shows the GC/MS TIC chromatogram for Sample C (cleaned flow controller). Figure 6
shows the GC/MS TIC chromatogram for Sample D (mock trip blank. not flushed. 10 psig); to
contrast, Figure 7 shows the GC/MS TIC chromatogram for Sanmple E (mock trip blank, flushed,
10 psig). Results from Samples F (mock trip blank, not flushed, 0 psig) & G (mock trip blank,
flushed, 0 psig) are presented in Figures 8 & 9, respectively. Numerical results and evalouations
follow in the forthcoming subsections.
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Figure 4. GC/MS TIC Chromatogram: Sample B
(Uncleaned Flow Controller)
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Figure 5. GC/MS TIC Chromatogram: Sample C
(Cleaned Flow Controller)
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Figure 6. GC/MS TIC Chromatogram: Sample D
(Mock Trip Blank, not flushed, 10psig)
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Figure 8 GC/MS TIC Chromatogram: Sample F
(Mock Trip Blank, not flushed, Opsig)
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Flow Controllers
Tetrachloroethene (PCE)

Tetrachloroethene carryover was seen m Sample B (uncleaned flow controller). Assummng a
concentration of 250,000 pg'm’ in Sample A, 10° ng tetrachloroethene were pulled through each
flow controller; thus, Sample B (uncleaned flow controller) had 0.20% carrvover and Sample C
{cleaned flow controller) had 0.0002% carrvover. While the percentages of carryover observed
were very small the nominal concentrations seen in the canisters as a result of this carryover
exceed many established risk based concentrations for imndoor air. Table 5 presents the
concentrations seen in these sanmples, as well as the percent reduction in concentration between
the cleaned and uncleaned flow controller samples.

Table 5. Tetrachloroethene Flow Controller Results

% Beduction in
Concentration
from Cleaming
00 20%

Sample A

Sample B
Concentration (u g.-'ms}

Sample C )
Concentration (pgm’)

Concentration (ug/'m’)

250,000 (E) 22
E=Estimated over calibration range

2000 (E)

Petrolenm Constituents

Petroleum product carryvover was seen in Sample B (uncleaned flow controller). Looking at the
eight individual marker compounds, Table § presents chemical mformation {molecular weight
(MW and boding point (BPY), carrmyover information, and cleanmg effectiveness information.

Table 6. Gasoline & Diesel Constituents Flow Controller Eesults

Compound MW BP Sample A Sample C Sample B Ye
=C Concentration{ | Concentration Concentration Feduction
ng/nr'’) (ug/m®), % Carmryover | (uz/nr’), % from
Carryover Cleanmg
n-Hexane 86.17 |69 140,000 ND NC 230(E) | 0.04% | 99.8%
{0.75)
Benzene 78.11 20 36.000 023 0.0002% | 100 007 | 99.8%
Isooctane 11423 |99 300,000 (E) 0.84 0.0001% | 3104E) | 0.07% | 99.9%
Toluene 9214 111 180,000 24 0.0003% | 930(E) | 0.13% | 99.8%
1.24.TMB 120.2 168 | B.400 22 0.0063% | 320(E) | 1.6% 09 6%
n-Decane 14228 | 174 | 2400 ND NC 180 (E) | 1.9% 99.9%
{0.75)
n-Undecans | 136,31 [ 196 | 610 ND NC oo 4.1% 00 6%
(0.75)
Naphthaleme | 128,17 | 218 | ND (1000) 4.7 NC 12 NC 61.3%

ND=INot detected {above reporting linut), IWC= Not caleulable, E=Estimated over calibration range
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When plotting boding point versus the percent carrvover (Figure 10), the relationship appears to
be exponential m nature. Thus, as the boiling point of the contaminant compound mcreases, the

degree of carrvover or memory i a flow controller appears to increase exponentially.

Figure 10. Plot of Boiling Point versus Percent Carryover in Sample B
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Tefrachloreethene (PCE)

Tetrachloroethene carryover was seen in Sample D (mock trip blank, not flushed, 10 psig). The
carryover concentration seen in Sample F {mock trip blank, not flushed, 0 psig) was reduced by
approximately 50%. When the gauge was flushed out in between readings, the carryover
concentrations seen in Samples E (10 psig) and G (0 psig) dropped dramatically, but low levels
of tetrachloroethene were still seen. The ratio between the 10 psig and 0 psig readings remained
sinlar (the 0 psig reading being approximately half of the 10 psig reading). Table 7 presents the
numerical results of this experiment.

Table 7. Tetrachloroethene Vacuum Gange (Mock Trip Blank) Carrvover Results

Sample A Sample D Sample E Sample F Sample G
Concentration Concentration (mot Concentration Concentration (not Concentration
{.ug.-':uj} flushed, 10 psig) (flushed, 10 psigd | flushed, 0 psig) (flushed. 0 psig)

(ug'm’) {pg/m) (ug'm’) (ng/m’)
250.000(E) 14 0.36 8.0 0.2

E=Estimated over calibration range

Petrolenm Constifients
Petroleum product carryover was seen in Sample D (mock trip blank, not flushed. 10 psig). The
carryover concentration seen in Sample F {mock trip blank, not flushed, 0 psig) was reduced by
approximately 50%. When the gauge was flushed out i between readings, the carrvover

concentrations seen in Samples E (10 psig) and G (0 psig) dropped to below the reporting limit.
Tables BA and 8B present the numerical results of this experiment.
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Table 8A. Petrolenm Constituent Vacuum Gaunge (Mock Trip Blank) Carryover Results (Not

Flushed)

Compound Sample A Sample D Sample F Concentration

Concentration Concentration (not (not flushed, 0 psig)

{ug/m’) flushed, 10 psig)

_ (pg/m’)
{pg/nr)

n-Hexane 140,000 34 1.7
Benzene 36,000 1.0 0.52
Looctane 300,000 (E) 11 5.2
Toluene 190,000 10 4.6
1.24-TMB 2400 2.4 1.1
n-Decane 2400 0.78 0.32
n-Undecans 610 0.38 0.22
Naphthalene ND (1000) ND ND

ND=Not detected (above reporting linut), E=Estimated over calibration range

Table 8B. Petroleum Constituent Vacuum Gauge (Mock Trp Blank) Carryover Eesults

{Flushed)
Compound Sample A ) Sample E Sample G
Concentration (pgm’) Concentration (flushed, | Concentration (flushed,

10 psig) 0 paiz)

(pg/m’) (ug/m)
n-Hexane 140,000 MDD (0500 WD (0,507
Benzene 36,000 ND (0.10) WD (0.10)
Lzooctane 300,000 (E) ND (0.50) WD (0307
Toluens 190,000 WD (0.30) WD (0,307
124-TMB 8400 ND {0.50) WD (0.50)
n-Decane 2,400 ND {0.50) WD (0.50)
n-Undecans a1l ND (0.50) WD (0.30)
Waphthalens ND {1000} ND (0.30) WD (0307

WD=Not detected (above reporting limit), E=Estimated over calibration range

CONCLUSIONS

The data demonstrate that laboratory best practices should imclude some type of decontammation
for all canister sampling equipment, especially after exposure (or potential exposure) to elevated
concentrations. The elevated concentrations of Sample A shown in this study (mg/m’ range) are
not atypical for samples collected from a SVE system or soil vapor samples collected near a
subsurface contamunation source. Thus, the potential exsts for carryover and cross
contamination of samples, unless care 1s taken by the laboratory to properly decontaminate and
segregate equipment based on concentration level/application.

Even with verv small percent carrvover (as seen in Sample C), the nominal concentrations that
may result from any tvpe of equipment carryover can exceed human health risk based target
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levels for vapor infrusion investigations, resulting in false positives and potentially resulting in
unnecessary cleanup work. The data demonstrate that this widely used style of flow controller
{orifice/diaphragm assembly) has the potential for carryover, even after cleanmg, when exposed
to elevated concentrations. In fact, for very beiling point contaminants (e.g. naphthalene),
carryover may occur even at lower concentrations; this effect can be observed m the data
presented in Table 6 (Le. even with a moderate concentration less than 1000 pg'mt’ in Sample A,
we observed naphthalene carrvover m Samples B & C). To ensure optinmm performance, this
equipment should be used for low level (ambient/indoor) applications only. A simpler and less
expensive critical orifice device (with less mternal surface area and a less convoluted flow path)
may be used for higher concentration applications.

Flushing out of the vacuum gange in between sample pressure readings appears to be an
effective practice to prevent carryover from highly contaminated samples to less contaminated
samples. However, the data show that even after flushing, a low concentration carrvover of
tetrachloroethene was present (Samples E & G). This may present a problem for vapor mtmision
mvestigations for human health risk assessments where vltra low level reporting limits are
required. Therefore, to munimize the chances of this phenomenon occwring, the laboratory may
segregate pressure gauges for low level vs. higher level work. On a related note, the data show
that the 1ssue of carrvover from pressure gauges 1s exaggerated with positive pressure samples;
under these circumstances, care should be taken by the laboratory to thoroughly decontaminate
the system to prevent potential carryover.

It should be noted that additional sources/sinks of volatile organic compounds (VOCs) mayv exist
m typical vapor mntrusion sampling'analytical systems. There have been several recent technical
presentations at national vapor mntrusion conferences that have mentioned the influence of tubing
type on VOC samples, including a comprehensive study performed by Hayes et. al.!” In addition,
particulate matter or condensed VOCs entering a canister may act as a source or a sink for
VOUCs. On the canisters themselves, some older styles of canisters may have pipe thread (INPT)
fittings connecting the valve stem to the canister body. These NPT fittings are wrapped with
Teflon tape; over time and exposure to elevated concentration samples, this Teflon tape can also
act as a source or a sk of VOCs,

To conclude, for low level vapor intrusion work, 1t is crtical for the data user to consider each of
these analytical issues and msist that proper decontamination and/or segregation of equipment
occurs in the laboratory.

FUTURE WORK

Additional types of sampling equipment may be evaluated, including different brands,
designs/configurations, and coating types of flow controller/critical orifice devices. Additional
compounds may also be evaluated (other chlormated VOCs, a better assessment of diesel'heavier
hydrocarbons, etc).
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Overview

o Background
0 Experimental Design
o Flow Controllers

m Uncleaned
m Cleaned

o Vacuum Gauge
= Not Flushed
® Flushed

0 Summary & Recommended Practices
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i
Background

O Canister cleaning widely accepted and
practiced

o Cleaning/certification of other related
equipment equally important but less widely
practiced

0 Most commercial labs analyze a variety of
samples: pptV levels - % levels: Potential for
cross contamination & carryover exists

Background: Flow Controllers

—— CONTROL STEM } \é 1
o )
e ITOM O-HING SEALS -

SCREWDRIVER
ADJUSTMENT

Viei Condyne Model 202 Veriflo SC423XL Series
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Background: Vacuum Gauge

O Canister samples have
pressure checked upon
receipt at laboratory
with vacuum gauge

o Potential for cross
contamination between JFRasy
high concentration &
lower concentration
samples

Experimental Design

O Test Sample “A” created with elevated
concentrations of both tetrachloroethene &
petroleum hydrocarbons (6L canister)

O Test Sample “A” pressurized and used for two
main sections of this experiment:
= Flow controllers
o Evaluate potential carryover from cleaning/not cleaning
® Vacuum gauge

o Evaluate potential carryover when checking canister
pressures
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Flow Controllers

Flow Controller #1

Uncleaned after exposure to Test
_ . Sample “A”
65 mL/min for 62 min (4L)

Used to fill clean 6L can over 1 hr
E \@ with humidified ultra zero air

Flow Controller #2

Test Sample Cleaned after exposure to Test
wpm Sample “A”: 60°C, purge air, 2.5 hrs

Used to fill clean 6L can over 1 hr

Pressurized ; i :
with humidified ultra zero air

Uncleaned Flow Controller

Abundance
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Cleaned Flow Controller

*

0,

= Internal Std/Surogate
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Flow Controllers Summary

0 = Naphthalene

NE
IN_;
o

Compound Sample A Uncleaned Cleaned
n-Hexane 140,000 250 ND (0.75)
Benzene 36,000 100 0.23
Isooctane 300,000 810 0.84
Toluene 190,000 950 2.4
1,2,4-TMB 8,400 520 2.2
n-Decane 2,400 180 ND (0.75)
n-Undecane 610 99 ND (0.75)
Naphthalene ND (1000) 12 4.7
PCE 250,000 2000 22

Units= pg/m?,  ND= Not detected (above reporting limit)
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Vacuum Gauge

0 Sample “A” pressure adjusted to 0 psig

m Pressure of Sample “A™ canister checked with
vacuum gauge. Gauge then immediately used to
check mock “trip blank™ canister sample (fully
evacuated canister)

» Pressure of Sample “A” canister checked with
vacuum gauge. Gauge evacuated three times,
flushing apparatus. Gauge then used to check
mock “trip blank™ canister sample

e
Vacuum Gauge (Not Flushed)
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Vacuum Gauge (Flushed)
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Vacuum Gauge Summary

Compound Sample A Not Flushed Flushed
n-Hexane 140,000 1.7 ND (0.50)
Benzene 36,000 0.52 ND (0.10)
Isooctane 300,000 52 ND (0.50)
Toluene 190,000 4.6 ND (0.50)
1,2.4-TMB 8,400 1.1 ND (0.50)
n-Decane 2,400 0.32 ND (0.50)
n-Undecane 610 0.22 ND (0.50)
Naphthalene ND (1000) ND (0.50) ND (0.50)
PCE 250,000 8.0 0.24
Units= pg/m?,  ND= Not detected (above reporting limit)
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Summary & Recommended Practices

O Flow Controllers

® Observations:

o Carryover seen when flow controller not cleaned after
use with high concentration sample

o Slight carryover seen for select compounds even when
flow controller was cleaned—could impact low level
vapor intrusion investigations

» Recommendation:

o For higher concentration samples, simple critical
orifice assemblies instead of diaphragm style flow
controllers may help prevent potential carryover
issues

Summary & Recommended Practices

0 Vacuum Gauges

= Observations:
o Flushing of gauge appears to be effective for most
compounds
o Low concentrations of tetrachloroethene still seen
even after flushing—could impact low level vapor
intrusion investigations

» Recommendation:

o Segregation of low concentration vs. higher
concentration vacuum gauges for checking pressure
upon receipt, as well as flushing the gauge after each
high concentration sample will help prevent carryover
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Laboratory Methodology and Data Usability
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ABSTRACT

The landscape for environmental air analysis in the latter part of the 1990°s was guided by the
performance based research efforts that lead to the EPA’s Compendium of Air Methods (19997
The EPA’s OSWEE. Draft Guudance for Evaluating the Vapor Intrusion to Indoor Air Pathway
from Groundwater and Soils (Subsurface Vapor Intrusion Guidance) dated 2002 changed the
landscape almost overnight with major indoor air and soil gas sampling programs springing up
near documented industrial waste sites with subsurface contammation. This paper will review
the impact of various State and Federal vapor intrusion guidance documents on sample collection
and analytical introduction approaches along with a summary of recent drivers such as lower
reporting limits and expanded target compounds (naphthalene and related semi-volatiles). In
many cases, the needs of the data user exceeded the scope of the analytical methodologies
referenced. Data will be presented from current laboratory validation studies relating to the use
of sample collection containers and sampling media for a varsety of VOC's, conunonly and
uncommonly monitored as human health risk drivers. In some cases, guidance documents have
had direct bearing on the misapplication of seemingly validated methodologies such as EPA
TO15 and SW-846 8260B with minimal consideration for data mpact or usability.
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Background

Vapor Intrusion

Indoor air quality impacted
more than anticipated

Vapor measurements relied
on to determine exposure risk
— Soil gas

— Indoor air

ITRC 2007

Current promulgated methods do not directly
address soil gas and indoor air measurements
required for VI investigations.

Bt

Vapor intrusion is the migration of VOCs from contaminated ground water or
soil into nearby buildings or homes. VI has been a growing concern over the
past decade due to well-publicized sites in which indoor air quality was
impacted more than anticipated. (Redfield, CO and Endicott, NY). To
determine whether vapor intrusion poses a risk to residents or workers, soil
gas (exterior and sub-slab) and indoor air are typically collected for VOC
measurements. Current promulgated methods do not directly address soil
gas and indoor air measurements required for VI investigations. Historically,
the development of methods have been largely funded by the EPA including
the original compendium methods which were written in the late 80s and
updated again in the 90s. The loss of federal research funding and the large
scale health risk Vapor Intrusion sampling programs have forced some
states and organizations to establish their own guidance documents on their
own and without the benefit of consensus scientific practice.
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Background

* Regulatory guidance to standardize data
collection and analysis
— EPA OSWER draft guidance (2002)
— Over 20 state and local guidance documents
— ITRC (2007)
— Navy Tri-Services Handbook (2008)
- ASTM E2600 (2008)
— More documents currently underway

Bficeie

The goal of each document is the same: to produce quality measurements
to support VI investigations and support decisions regarding human health
risks. EPA was one of the first to set the stage with the draft guidance
published in 2002. Since then over 20 state and local agencies have written
documents, as well as ITRC, Navy, ASTM and more are currently underway.
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Background

a
Significant variability among documents
— Target screening levels
— Analytical methods

— Sampling equipment
— Limited validation exists

Selection of sample collection media and
methodology can have a significant impact on data
quality and usability.

Bt

Although each of these documents have the same goal, there is significant

variability among the documents in the overall approach to VI and screening

levels can vary by several orders of magnitude. The focus on my
presentation is on the variability in the sampling and analytical protocols.
These protocols are described in many of the documents with limited
validation supporting the procedures. However, the selection of sample
collection media and methodology can have a significant impact on data
quality and usability. Today | will be presenting several examples of how
protocols described in existing VI guidance documents do not stand up
against the rigor of validation.
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Soil gas challenges

Sampling and analytical protocols often
taken directly from soil gas screening
methods

Lower reporting limits required

— Sometimes 10 ppbv or lower
Challenging compounds are of interest
— Naphthalene and diesel ranges

* Investigators require defensible, quality
results to make risk decisions

i Toxics iro.

Let's start with soil gas measurements which have become one of the
primary tools for VI investigations. Historically, soil gas was primarily used
as a screening tool to map GW plume and delineate sub-surface
contamination. Reporting limits were on the order of ppmv and several key
VOCs were monitored (BTEX, chlorinated VOCs). Many of the guidance
documents rely on the protocols developed for screening for VI
investigations. However, VI investigations require much lower RLs, may
require quantitation of challenging compounds with low vapor pressures. In
addition, a higher level of quality is required as the soil gas measurements
may be used to make risk decisions.

Methods used to map GW plumes and delineate sub-surface contamination

RLs 10 ug/L (ppmv levels)
Focused on a limited list BTEX/Chlorinated VOCs
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Soil Gas Measurements

Transport to
Leak check on-site or off-
compound site lab

VOC <:> VOG <:| '
ug/m3 5

Through tests in the laboratory, we have identified several commonly used
techniques described in existing guidance documents which result in
significant recovery issues. | will briefly review the results of 3 examples —
tubing type used to extract the soil vapor from the subsurface, the collection
media used to store and transport the soil gas sample, and the analytical
method selected to analyze the soil vapor.
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LD Polyethylene Tubing —
VOC Recovery
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Decreasing Vapor Pressure

One of the validation tests we performed was the evaluation of tubing, a
significant part of the soil gas sampling train. We evaluated various types of
tubing looking at both background VOCs as well as recovery. We found that
one of the commonly used tubing types LD polyethylene tubing yielded poor
recoveries for many of the VOCs. You can see that the recovery for each
VOC through the tubing drops as a function of decreasing vapor pressure.
The LD polyethylene tubing is commonly described in guidance documents
and is the standard tubing provided by some of the direct push
manufacturers.
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Disposable Syringe —
VOC Recovery

1000 ppbv (~5ug/L)

e Tz = 01

—&—Timz = 5 min
e Tz = 15 min
—m— Timz = 30 min

50%

%
Decreasing Vapor Pressure 2

Moving from tubing to sample collection media, we evaluated the use of
disposable syringes for soil gas measurements. Disposable syringes are
described for example in the California DTSC soil gas advisory with a
required maximum storage time of 30 minutes. When we evaluated these
syringes for the storage of a multi-component VOC standard, we observed
significant losses in recovery as a function of decreasing vapor pressure and
as a function of increasing storage time.
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8260B Limitations

* The accuracy of soil vapor

Soil Gas
Concentration

results is not measured by Vapor
any of the standard 8260B introduction
QC samples |

« Naphthalene = Good P&T water |
performance for ICAL & impinger
daily QC when liquid
standards spiked into P&T \ |

« Naphthalene = <30% Purged VOC

trati
recovery when NIST- concentration

traceable standard is
introduced through system

Moving on to the analytical method utilized for soil gas, several guidance
documents allow for the use of SW-846 82608 for the analysis of soil gas.
SW-846 was written for soil and water and as such, there are no written
protocols in 8260 describing how to introduce vapor samples into P&T,
leaving it up to each lab to set up their own approach. The QC reported by
82608 only provides accuracy and precision of part of the analytical system.
The vapor introduction step is not evaluated. As an example, on our 82608
unit modified for soil gas analysis, naphthalene performs very well when
injecting the methanolic standard in the P&T. We get a beautiful ICAL,
second source recovery and daily CCV recovery. However, when we inject
a NIST-traceable naphthalene standard through our vapor introduction step
and through the P&T system, recovery of naphthalene is very poor, typically
less than 30%. Since the required protocols do not require validation of the
vapor introduction step, the accuracy of the lab may be suspect.
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Indoor Air Challenges

« Targeted reporting limits are often well
below typical TO-15 ambient methods

+ Indoor measurements are used to directly
determine human exposure to subsurface
contamination
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TO-15 Sample Trains

= Sample train cleanliness
— 100% certification for indoor air samples

#cans Average Highest
ppbv ppbv
| Benzene 100 0.014 0.158
| JCE 79 0.010 0.259
PCE 30 0.009 0.043

@ftics.rn

Many of the guidance document do not directly address media cleanliness
and if they do, they often allow for batch certification. With indoor air
screening levels below 0.2 ppbv, batch certification is not sufficient to insure
quality data. Evaluating a set of 100 canisters certified after standard TO-15
cleaning protocols, you can see that benzene was present in each canister
at 0.014 pbv with the highest concentration of 0.158 ppbv; TCE which can
have a screening level as low as 0.003 ppbv shows a detection in 79% of the
canisters with an average concentration of 0.010 ppbv. Clearly batch
certification protocols fall short.
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TO-15 Sample Introduction

a4

« Different approaches utilized by labs

— Pressurize canisters to positive pressure prior
to sample loading

— Load samples with canisters under vacuum
conditions

|+ Are they equivalent?
— Uncontrolled state of mass flow controller

— Potential contamination of sample canister
during handling

— Recovery and storage concerns

ﬂﬁl@sﬂ

There is also some debate regarding sample introduction protocols for
indoor air samples. The TO-15 method does not provide much detail
regarding the protocols for loading. The latest NJDEP document restricts
the practice of pressurizing canisters. Air laboratories are not consistent as
to their approach.

Are they equivalent? Does one approach provide more defensible results?
There is very little validation in the literature regarding this practice. The
audit sample programs and storage studies in the literature are at ambient or
pressurized conditions. There are a few concerns that should be addressed
before the practice of loading canisters with sub-ambient pressure becomes
a requirement for indoor air samples. 1) Is an accurate volume of sample
being measured during the loading step onto the concentrator? Mass flow
controllers are typically designed to operate with a specific pressure
differential across the device. If the canister vacuum is too high, we have
seen our mass flow controllers unable to reach its set point for the flow rate.
With time, the flow rate drops and the specific sample volume loaded may
not be accurate. 2) Is there a greater chance for contamination when
handling a sample canister is under vacuum? Either introduction of
laboratory air due to improper connection of the canister to the equipment or
cross-contamination from a previous sample loaded on the equipment.
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TO-15 PT program

= First round: 30% of the participating labs scored 100%
= One lab was a factor of 10 too high
= Second round: Low recovery issues
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And finally, few programs require audit samples for laboratories that are
performing indoor air analysis for V| investigations and no mandatory air PT
program exists through NELAP. On a voluntary basis, we have participated
in several rounds of some preliminary programs, and the results of the
several of the participating labs are extremely concerning. Results can vary
from the actual concentration by an order of magnitude and some cases,
compounds were not detected. This should be very concerning to data
users who rely on TO-15 results to make decisions on whether vapor
intrusion is exposing people to unacceptable levels of VOCs.
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Summary

Current regulatory guidance for VI
investigations promote protocols that may
negatively impact quality objectives
Industry need for technical validation of
methods

The NELAC Institute can help to fill these needs
through their consensus approach.

i Toxics iro.

Throughout this presentation | provided examples of protocols within
guidance documents that fall short of the quality objective required for a VI
assessment. These data are being used to make decisions on whether a
school is safe, whether a family is safe, and whether a community is safe.
The industry needs our assistance, experts in air testing who can validate
protocols under the rigor of scientific scrutiny. The mission statement of TNI
states that “The purpose of the organization is to foster the generation of
environmental data of known and documented quality through an open,
inclusive and transparent process that is responsive to the needs of the
community.”

We suggest assisting with the current state VI guidance documents is
consistent with TNI's mission and is in fact critical without the research
programs of the EPA
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Comparison of Air Toxics Inter-Laboratory Experiments in
Region 5

Wayne Whipple
USEPA Eegion 5

536 5. Clark St. ML 10C
Chicago, IL 60605
312-353-0083

whipple wayne@epa.gov

ABSTRACT

The US EPA Region 5 Air and Radiation Division has been conducting a semi-annual mter-
laboratory comparison experiment for various air pollutants consisting of carbonyl, metals and
volatile organic compounds with the various state and EPA federal laboratories within the
region. In 2004 Eastern Research Group has started to collect the samples using a multi-port
sampling manifold to mininize any sampling differences between samples. The results provide
arecord of the spread of the analytical results and the improvements made in the analytical
results from the laboratories. Compounds that have specific sampling and analvtical difficulties
will be identified.
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EPA's National Dioxin Air Monitoring Network: Analytical
Issues

Joseph Ferrario and Christian Byrne: USEPA Building 1105, Stennis Space Center, MS
30520 228-688-3212; ferrario josephfepa.gov

David H. Cleverly; National Center for Environmental Assessment (8623D), Office of Research
and Development, USEPA. 1200 Pennsylvania Ave. NW, Washmgton, D.C 20460

ABSTRACT

The USEPA has established a National Dioxin Air Monitoring Network (NDAMN) to determine
the temporal and geographical variability of atmospheric chlormated dibenzo-p-dioxims (CDDs).
-furans (CDFs). and coplanar polychlorinated biphenyls (PCBs) at miral and non-impacted
locations throughout the United States. NDAMN had 32 sampling stations and had three
primary purposes: (1) to determine the atmospheric levels and occurrences of dioxin-like
compounds i miral and agricultural areas where livestock, poultry and animal feed crops are
growt; (1) to provide measurements of atmospheric levels of dioxm-like compounds in different
geographic regions of the U.5.; and (3) to provide mformation regarding the long-range transport
of dioxin-like-compounds in air over the TS, Designed in 1997, NDAMN was implemented in
phases, with the first phase consisting of 9 monitoring stations and achieved congener-specific
detection hmuts of 0.1 fg'm3 for 2,3,7.8-TCDD and 10fg/'m3 for OCDD. With respect to the
coplanar PCBs, the detection limits are generally higher due to the presence of background levels
m the atr during the preparation and processing of the samples. Achieving these extremely low
levels of detection presented a host of analytical issues. Among these issues are the methods
used to establish vltra-trace detection limits, measures to ensure against and monitor for
breakthrough of native analytes when sampling large volumes of arr, and procedures for handling
field blanks. Despate such procedural difficulties, these methods made it possible to measure
dioxin-like compounds at extraordinanly low concentrations.
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The National Dioxin Ambient Airr Monitoring Network
(NDAMN): Sampling Methods and Results of Measuring
Dioxin-Like Compounds in Rural and Remote Areas of the
United States

David H. Cleverly; USEPA, National Center for Environmental Assessment, Office of Research
and Development, 1200 Pennsylvania Ave. NW, Washington, D.C 20460,

cleverly davidfepa.gov

Joseph Ferrario; Environmental Chemistry Lab, Office of Pesticide Programs, Stennis Space
Center, M5 30520

ABSTRACT

Long-term measurements of the atmosphernic concentrations of polychlormated dibenzo-p-
dioxins (PCDDs), polvchlormated dibenzofurans (PCDEs), and coplanar polyvchlorinated
biphenyls (PCBs) were taken in mral, remote and wrban areas of the Umited States by the
Wational Dioxm Air Monitoring Wetwork (NDAMN). The aim of WNDAMN was to provide a
general ndication of background air concentrations of PCDDs, PCDFs, and cp-PCBs m rural
and remote areas of the United States. A total of 29 quarterly sampling moments occurred from
June, 1998 to December, 2004 at 34 locations geographically distributed throughout the United
States. The rural sites were chosen in order to obtain air concentrations in areas where crops and
Livestock are grown, and that encompassed a range of geographic locations in terms of latitudinal
and longitudmal positions. Eemote sites were selected on the basis that they were relatively free
of human habitation and =100 km away from human dioxin sources. The locations of sampling
sites coverad a wide range of cimate conditions from tropical sub-humid to sub-Arctic climates.
Ambient air sampling was conducted with a TE 1000-PUF (pobyurethane foam) sampler in
accordance with EPA Method TO-9A as modified in the Quality Assurance Project Plan. The
sampler consisted of a samplng head, a meter equipped with a magnehelic gauge to measure air
flow, and a blower type vacuum pump. The sampling head assembly consisted of a quartz-fiber
filter (QFF) and a glass sample cartridge contaming a PUF absorbent plug A regulated anr flow
was drawn into the top of the sampling head assembly. and the particle-bound phase of the
contaminants in the air stream was collected on the filter surface (porosity down to 0.1 pum),
while the vapor phase was absorbed mto the PUF. Each sampling moment consisted of 20-24
days of active sampling over a28-day period, on a weekly schedule of 5 or 6 davs of continuous
operation followed by 1 or 2 days of nactrvity. In this manner approximately 6000 to 8000 m3
of air passed through the sampling head assembly. This allowed for the sensitivity of air
measurement of individual congeners of dioxin-like compounds in the fg m-3 range of detection.
This paper will present details of the NDAMN air sanmpling protocol. report results of the special
and temporal measurement of dioxin-like compounds in ambient air over rural and remote areas
of the U.S. for monttoring periods 1998 through 2004.
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Polveycelic Aromatic Hydrocarbons Method Development
and Data Analysis

Mitchell Howell

Eastern Fesearch Group

601 Eevstone Park Drive, Ste 7
Morrisville, NC 27360

mutch howellf@erg com

ABSTRACT

Semu-volatile organic compounds (SVOCs), mcluding polycyclic aromatic hydrocarbons
{PAHSs), have recerved increased attention due to mferest from the U S, Environmental
Protection Agency (EPA) and the Wational Awr Toxic Trends Stations (WATTS) program. Many
of these compounds are highly carcmogenic or mutagenic. Eastern Research Group, Inc. (ERG)
has demonstrated exceptional performance of SVOC analysis using Compendmm Method TO-
13A71 with Gas Chromatography/Mass Spectroscopy (GC/MS) and selective ion monitoring
{SIM). The sensitivity and selectivity of GC/MS SIM allows comparison of rural, suburban, and
urban PAH contert in ambient air. The following will be discussed: data using Method TO-13A
collection and analysis of ambient air across the United States will be presented to show amounts
of PAHs m the ambient air; data will be presented to show compound stabilitv; data to determine
the brealdthrough volume for naphthalene; the collection efficiency of naphthalene using a high
volume sampler.
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Proficiency Testing (PT) for Low Metal Concentration
Ambient Air Sample Analysis in Support of the National Air
Toxics and Trends Stations (NATTS) Program

Dennis Mikel

USEPA QAR

109 TW Alexander Drive
Research Triangle Park, NC 27711
010-541-5511

mike] dennis@epa. gov

ABSTRACT

Under the Clean Air Act (CAA), the US. Environmental Protection Agency regulates 188
hazardous air pollutants (HAPs) which are associated with a wide variety of adverse human
health and ecological effects. These air toxics originate from various sources mcluding point,
area, and mobile sources that result in population exposure to a single or multiple HAPs. Current
Government Performance Results Act (GPEA) commitments specify a goal of reducing air
toxics by 73% from 1993 levels to sigmificantly reduce human exposure. The National Air
Toxics Trends Station (WATTS) network consisting of 27 stations withun the contignous 48
states has been established to provide data to assess the trends. To ensure collected data are of
desired quality and to provide a broad understanding of the error inherent m the data, EPA’s
Cuality System (Q5) for NATTS provides performance evaluation or proficiency testing (PT)
samples to participating laboratories on a quarterly or semi-annual basis. These PT samples
consist of volatile organic compounds (VOCs) in a passivated stainless container, aldehvde
compounds on a 2. 4-dinitrophenylhvdrazine-coated cartridge, polyevelic aromatic iydrocarbons
(PAHs) in a PUFXAD-2 sandwich housed in a glass cartridge with retaining screens, and
selected HAP metals on a 47-mm quartz filter. The preferred method of analysis of metals in
ambient air samples 15 based on mnductively coupled plasma mass spectrometry (ICP-MS). Some
laboratories also have used X-ray fluorescence (XEF) spectrometry. Although the
concentrations of HAP metals in ambient air samples vary over a wide range, usually most of the
concentrations are closer to the instrument detection himits. Hence it becomes critical that the
laboratories develop proficiency m analyzing metal samples at low concentrations. The desired
characteristics that have evolved in this program for the low-concentration metal PT samples are
that concentrations of the metals on PT filters reflect concentrations normally enconntered in
ambient air samples; that a large number of uniform samples be available; that the matrix or filter
material of the PT samples be the same as for the field samples; and that the method of
preparation of PT samples be comparable to the method of sample collection. Instead of using
the conventional method of preparing PT samples by mjecting low-concentration HAPs solutions
on filters and dryving them under a heat lamyp, this program has adopted aerosol deposition
technology developed by EnlTech Incorporated for making XRF calibration samples. Sample
generation invelves prepanng aerosols from a solution of HAP metal salts, drying the aerosols m
a stmmlated stack. and collecting the aerosol on 47-mm-diameter filters by drawing the aerosol
flow through the filter after a steady-state concentration is reached. Multiple samples are made
using a sample manifold, and vniformity of samples is ensured by analyzing a randomly selected,
statistically significant number of samples. The analytical results of the participating laboratory
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are compared to the mean results obtained from a referee laboratory for each element. Currently,
the typical concentration for blind HAP metals m the PT program is between 0.5 ugand 5 ug per
filter. Because the laboratories find it very challenging to meet the acceptance criteria for the
metals analysis, the PT program is generating positive feedback. The laboratories get to compare
therr own performance with the group performance and inyplement improvements. The analysis
of the reported results by the laboratones over the last 10 quarters indicates there has been
marked improvement m performance as analyvsts become more experienced mn analysis of these
PT samples.
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Sampling Study of Hexavalent Chromium in Ambient Air

Julie Swift

Eastern Research Group

601 Keystone Park Drive, Ste 7
Morrisville, NC 27560
julie-swift@erg com

ABSTRACT

Hexavalent chrommm {Cr6+) is one of the top four pollutants of concern in the EPA National
Air Toxies Trends Stations (NATTS) Program. The Environmental Protection Agency (EPA)
worked in conjunction with Eastern Research Group (ERG) to improve the California Air
Eesource Board (CARB) Method 039 for Cr+ monitormg.  Attempts to sample and analyze
Cré+ at NATTS with improved sensitivity uncoverad challenges in the sampling procedures.
Studies performed by ERG show a significant loss of Cr6+ as samples are taken at ambient
temperatures. A stability study was performed was performed to determune the best sampling
conditions to maintain Cri+ stability with less than 30 Relative Percent Difference (EPDY). The
stability of Cro+ was evaluated using collocated samplers in conjunction with Texas
Commuission of Environmental Quality (TCEQ). Data, using improvements to the Cré+
sampling and analysis procedure for the NATTS, will be presented to show Cré+ recovery from
these field samples.
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Sampling Study &

Data Results of Hexavalent
Chromium in Ambient Air

Julie L. Swift
Eastern Research Group, Inc.

Julie. Swift@erg.com

QAERG

'__
Overview of Presentation

m WWhy are we concerned?
m WWhat method do we use?

m \WWhat are the restrictions to
current method?

m How can we improve?
m \What data have we reported?
m Conclusions
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'__
Health Effects

m Penetrates biological membranes

m Highly toxic, even at low mass
concentrations and emissions

m Inhalation irritant and associated with
respiratory cancer

m EPA Screening level — 0.000083
Mg/m?3or 0.083 ng/m?

m Intermediate Risk Factor (15 to 365
days) — 1 ug/m?or 1000 ng/m?

gt
Method Development Overview

To reduce the risk of Cré* loss prior to
analysis:

m Collects on cellulose filters
m Acid wash

m Coat with sodium bicarbonate
solution

m Collect day after sampling
m Freeze immediately after sample

collection
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" B
Cr6+ Filter Stability Study

Cellulose Filters (spiked 2.5 total ng)
Average Average Relative | Coefficient of
Concentration Percent Percent Variation
Spiked Samples (total ng) Recovery Difference (RPD) (CV)
Next day pickup

(33 hrs) 1.76 70.2% 29.8% 8.4%
Pickup 2 days after

(57 hrs) 1.27 50.9% 49.1% 12.7%
Pickup 3 days after

(81 hrs) 1.19 47.5% 52.5% 9.3%
Pickup 4 days after

{105 hrs) 1.05 41.8% 58.2% 11.2%

m Temperatures ranged from 54 to 78°F "

How can we improve the Method?

m Fabricated sampler with chiller

O Collects samples at constant
temperature (started study at 15°C)

O Holds samples at constant temperatures
until retrieved from the field (15°C)

Chiller is attached to current sampling
unit.
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* EE———
ERG Cré* Sampling System

Sample Airin From
Atmosphere

OUTSIDE l l

hid T

Assembly Aszem bly

Funnel Funnel Ta
l_glmlder Holder Atmosphere
Filter Fitter Filter

INSIDE

Sample
Flow
Fitter Raotameter
. Fample Flow
leuer Himp Control

Walve

ame /N |

'__
ERG Crb* Chiller (open)

%’ Co‘llocate
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" BN
ERG Cré* Chiller & NATTS
Sampling Study Design

Chiller Study

B \Water collects on filters if sampled @ 0 and
10°C

H Water not collected @ 15°C (59°F)

m Conditions were considered acceptable during
the study if:

CFilters spiked and placed in cassettes, no flow
(Control Spikes)

- within 80-120% Recovery
CFilters spiked and placed in filter holders, with flow
(Matrix Spikes)
- within 75-125% Recovery
M Filters spiked by liquid solution
)

10
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" EE—
Chiller Recovery — 0 hour hold

% Recovery T
Date Collocated % Recovery €mp

Samples Samples Spikes wio Low

Test Setup (Spikes w/Flow) Flow* High (°F) (°F)
Ohr—1 10/31/2007 98.6% 99.2% 74 38
Ohr—-2 11/7/2007 102.8% 97.3% 55 30
Ohr—-3 11/14/2007 64.4% 111% 78 49
Ohr- 4 11/28/2007 100.6% 118% 57 32
Average 91.6% 107% 66 37

* No flow through filters

" EE—
Chiller Recovery — 24 hour hold

11

% Recovery T
Date Collocated % Recovery €mp

Samples Samples Spikes wio Low

Test Setup (Spikes w/Flow) Flow* High (°F) (°F)
24hr -1 10/22/2007 97.5% 100% 83 64
24hr-2 10/29/2007 104.5% 101% 61 37
24hr-3 11/12/2007 60.8% 116% 66 37
24hr-4 11/26/2007 92.4% 112% 64 44
Average 88.8% 107% 69 46

* No flow through filters
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" B
Chiller Recovery — 72 hour hold

% Recovery T
Date Collocated % Recovery €mp

Samples Samples Spikes wio Low

Test Setup {Spikes w/Flow) Flow* High (°F) (°F)
72hr — 1 10/25/2007 107.2% 100% 70 59
72hr-2 11/1/2007 70.2% 102% 78 53
72hr-3 11/15/2007 87.8% 126% 66 39
72hr—4 11/19/2007 42.9% 104% 61 46
Average 91.6% 107 % 69 49

* No flow through filters

gt

v

Next Steps...

m Take sampler to the field
m Find the hottest, most humid

sampling location

O Overcome the humidity factor — 15°C
does not work anymore!!

O Study ERG NATTS vs. Converted
PM10 vs. ERG Chiller Samplers.

TCEQ and ERG are conducting a

study in Houston

75
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'__
Cré+ Data Collection

m Over 3 years of sample data
(January 1, 2005 to March 31, 2008)

m 21 sites across the country — 16
NATTS, 5§ UATMP

m Samples collected every 6 days,
10% collocated, 1 field blank every
month

NATTS — National Air Toxics Trends Station
W UATMP — Urban Air Toxics Monitoring Program

15

gt
Cré* Monitoring Site Locations
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gt
Current Method Description

m Collect 21.6 m® sample in 24 hours

m Detection limits below risk level (2008
DLs are 0.0065 ng/m3)

m DISADVANTAGE: All samples must
be recovered the day after sampling
to reduce the loss of Cré*

NERG
L
17

"
Daily Average Mass Concentration
Variation

m Highest three:

m Phoenix, AZ (0.067 ng/m3)
m Detroit, Ml (0.049 ng/m3)
= Boston, MA (0.041 ng/m3)

m Lowest three:
m Providence, AL (0.0019 ng/m3)
= Portland, OR (0.0028 ng/m3)
m Austin, TX (0.0035 ng/m3)
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gt

Seasonal Variation

B Seasons
B\Winter — December to February

ESpring — March to May
ESummer — June to August
BFall — September to November

® Thirty-nine months of data allows us
to compare years as well as
seasons

B No global trends but site trends

SERg Wwere noted N

'_—
Results from Jan '05 to Mar ‘08

-
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__
St. Louis, MO Seasonal Trends
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Phoenix, AZ
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Seasonal Trends
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New Years Celebration!
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'__
Conclusions

m Cr% is highly toxic and a health concern

m Late pickup provides reduced
concentrations

m Chiller sampler shows promise
m Data results varied from site to site

m No global trends, but trends noticed within
sites seasonally and annually

m July 41" & New Year pyrotechnic displays
may be potential Cré* (and other
pollutant) emitters?

WERG
| 7Y
29

" N
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Continuous Monitoring of Ambient Air Toxic Metals at Low
PG/DSCM Concentrations

John Cooper

Cooper Environmental Services, LLC
10180 5W Mimbus Ave, Ste J6
Portland, OR. 97223

503-624-5750
cyanca@cooperenvironmental com

ABSTRACT

Eight of the 33 ambient air toxic elements (ATE) identified by the U. 5. Environmental
Protection Agency (EPA) as posing the greatest potential environmental health threat m urban
areas are metals and their compounds. EPA’s Air Toxics Component of the National Monitoring
Strategy calls for monitormg of ambient air toxic elements (ATE) to improve our understanding
of these pollutants and air quality issues at the national and local level However, sampling and
analysis procedures currently being vsed to measure ambient ATE i particulate matter (PM) are
madequate to consistently quantify many of the ATE at their tvpical concentmtions. X-Rav
Fluorescence (3BT is commonly used for measuring ambient ATE m PM, but the method’s
detection imits as currently applied are msufficient. Inductively Coupled Plasma Mass
Spectrometry (JCPMS) is an alternative approach being considered with detection limits
approaching typical ambient concentrations. However, ICPMS is limited in that it requires 24-
howr high volume samples, quartz fiber filters used have relatively high and variable blank
concentrations, analytical procedures generate hazardous waste and the method 15 not applicable
to automated and remote measurements. Conversely, XEF is readily applicable to automated
measurements, and its full potential for ATE quantification has not been achieved. For example,
conventional sampling and analysis methods have not been optinized for PM deposits on thin
membrane filters, and recent sampling and analysis advances have not been incorporated into
current instruments and methods. Phase I of this study evaluated the potential of XEF for
quantifymg ATE at their tvpical concentrations using contemporary field sampling and
laboratory analysis technology optimized for PM deposits on thin membrane filters. Phase II
consisted of implementing Phase I advances i a field-deplovable, real time monitor for ATE
using a 50 watt air-cooled X-ray tube. Phase II resulfs for thus field-deplovable monitor
demonstrated detection limits of 4, 110, 9, 3, and 5 pg/dscm for As, Cd, Cr, Pb, and Hg,
respectively, with automated four hour sampling and analysis times. This field monitor
developed in this study represents a major advance in ATE measurement capabilities over
currently-available methods and could contribute greatly to surveys of hazardous elemental
concentrations i ambient airr. This paper presents (1) an overview of Phase [ improvements to
XRF sampling and analysis procedures, and demonstrated detection limuts; (2) a description of
the ATE monitor developed in Phase II; and (3) an evaluation of the monitor’'s performance.
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Preconcentrator Method Development for the Analysis of
Microbial Volatile Organic Chemicals from Mold Using Air
Canisters and Gas Chromatography — Mass Spectrometry

Michelle Long

Restek Corporation

110 Benner Circle
Bellefonte, PA 16823
B14-353-1300, ext. 2410
michelle long@restel: com

ABSTRACT

Hurricanes and other events that cavse flooding, as well as high humidity environments, lead to
mold growth in houses and other building structures. Because the presence of mold can be
harmful to human health {leading to a version of sick building svodrome) and its visual detection
15 not always possible analysts are turning to alternate wavys to detect its presence, ncluding
chemical detection with gas chromatography — mass spectrometry (GC-MS). Mold produces
volatile organic chemicals (WOCs) that in addition to giving a characteristic musty odor can be
vsed to indicate its growth or perhaps even to fingerprint the type of mold. Geosmin and 2-
methylisoborneol are well-known “earthy” smelling microbial VOCs, but there are a wide
variety of other components representing alcohol, ketone, furan, and other mainly polar
functionalities.

Because of their polarity and what may be very low concentrations of the compounds m a home,
an wert and large volume collection device 1s needed for sampling.  Air canisters that have been
passrvated are ideal for sampling microbial VOCs. VOC mtroduction 1s via a preconcentrator to
a GC-MS5 for qualitative and quantitative determinations, but the preconcentrator must be able to
manage moisture effectrvely to grve acceptable chromatographic results.

This paper will show the method development involved in fining a commercial preconcentrator
for the analysis of microbial VOCs with an air camister and GC-MS. Various attempts to reduce
water that leads to poor chromatographic results, will be discussed m detail.
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f Microbial Volatile
icals from Mold Using Air
‘and Gas Chromatography -
Mass Spectrometry

Michelle Misselwitz, Jack Cochran, Irene DeGraff
Shelow, and Silvia Martinez

Restek Corporation

Bellefonte, PA

Turning Visions into Reality

Silent Killers: Toxic Mold

Stachybotrys Can Infest A House

July 26, 2002

AnswerTipi™ enabled (What's this?)

{CBS) Since the movie bearing her name appeared,
everyone knows who Erin Brockovich is: the working
mather who traced ilinesses in a small California
town to groundwater contaminated by Pacific Gas
and Electric.

After the case was seftled for hundreds of millions of
dollars, Brockowich got a big promotion, and now
divides her time her job and

speaking

- d Workers are now trying I_n save Brockovich's She lives in a million-dollar home near Los Angeles,
pU.I‘SI.le house from taxic mold. I is an expensive with her third husband, Eric Ellis, and the youngest of
b (CBS) her 3 children - 11-year-old Beth

RELATED Brockovich says it is the house she always wanted.
The bonus she got from winning the lawsuit made

INTERACTIVE her dream possible. But then it turmed into a

Home Health Hazards igl , 48 Hours C p Susan

Discover what hazards your home Spencer reports.

may be harboring and find out how to

get rid of them. For months, touring her home required a hazmat
suit The house was filled with slimy black mold
called Stachybotrys

- e Turning Visions into Reality
Fee( g e ek o
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~—lnspector,

Traduccion espanola por Inspector del Molde Website
Site Web de Inspetor de Molde de Traducio Portugues

La Traduction francaise pour I'Inspecteur de Moisissure le Site Internet

Besuchen Sie deutsche Ubersetzung des Form-Inspektors Website
Hocerure poceniickuit nepesos Hucnexropa IMousw: sBeGeair
Mold Inspector Black Toxic Mold, Household Mold, Mold Allergy, & Mold Symptom
Information & Help, plus Mold Laboratory for Toxic Mold Analysis & Toxic Mold
Species Identification, plus Mold Training and Mold Certification
The Internet's first mold self-help website online since 1999, this Mold Inspector website includes over
300 pages of "how to"” guidance & advice on black toxic mold, household mold, mold species, mold
infestation, mold health problems & treatments, mold inspection, mold testing, toxic mold testing,
mold removal, mold remediation, mold legal claims, mold legal defenses, mold training,
mold certification, mold products, plus Certified Mold Inspector & Certified Mold Remediator
Directories. Visit the Site Map at the bottom of this page to explore this website
to learn how to deal with mold infestation problems in the USA, Canada, Central America,
South America, the Caribbean, Asia, Australia, New Zealand, Europe, the Middle East, & Africa.

Use MoldZyme enzyme-action mold cleaner, the most environmentally-friendly,
safe, and effective mold, mold smell, and mold stain remover.
Solve Your Home Mold Problems for $199 anywhere in the world with the UNLIMITED (60 days)

expert email & phone guidance, direction, and assistance of Phillip Fry, Certified Mold Inspector,
Certified Environmental Inspector, Certified Mold Remediator, and Certified Environmental Hygienist!

%EBEE( Turning Visions into Reality
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Joor Molds

Ulocladium
Chaetomium
Alternaria

Acremonium

ile, larger molecules
lic trichothecenes, etc.

robial volatile organic chemicals (MVOCs)
— Small molecules, volatile, mainly polar
— Alcohols, ketones, furans, etc.
— 2-Methylisoborneol, geosmin

1. 1]

2eoee(

Turning Visions into Reality
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C Health Effects

Dizziness

Turning Visions into Reality

] Trritant Thresholds
of literature values

- Low or sub pg/m? (ppbv) concentrations
* Geosmin (earthy), 150 to 200 ng/m3
« 1-Octen-3-ol (mushroom-like), 10 pg/m?
* 2-Octen-1-ol (musty), 16 pg/m?

« Sensory irritant
— In the mg/m?3 (ppmv) range

- Turning Visions into Reality
woLel ek o
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mold is not visible
possible to fingerprint mold type
+ Marker compounds

= Ratios of certain MVOCs

» Sick building monitoring
— Health effects studies
— Mold remediation efforts

Turning Visions into Reality

Turning Visions into Reality
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lons (red is base peak)
1 3

MvOC CAS# Mw 2
2-Butanone 78-93-3 72 43 57 72
2-Methyl-1-propanol 78-831 74 41 42 43 74
1-Butanol 71-36-3 74 41 42 43 56
3-Methyl furan 930-27-8 82 39 53 81 82
2-Methyl furan 534-22-5 82 39 53 a1 82
2-Methyl-1-butanol 137-32-6 88 41 56 57 70
3-Methyil-1-butanol 123-51-3 88 42 43 55 70
3-Methyl-2-butanal 598754 | 88 | 43 | 45 55 | 713
2-Pentanol 6032-29-7 88 4 42 55 70
2-Methyl-2-butanol 75-854 88 43 55 59 73
Dimethyl disulfide 624-92-0 94 45 61 79 M4 |
2-Hexanone £91-78-6 100 43 57 58 100
3-Hexanone 589-38-8 100 43 57 m 100
2-Heptanone 110-43-0 114 43 58 7] 114
1-Octen-3-ol 3391-864 128 43 57 T2 85
3-Octanone 106-68-3 128 43 57 72 99
3-Octanol 589-98-0 130 55 59 83 101
1-Octanol 111-87-5 130 41 56 70 84
2-Ethyl-1-hexanol 104-76-7 130 41 57 70 83
2-Pentyl furan 3777-69-3 138 53 81 82 138
2isopropyl-3-methoxypyrazine 26773404 152 109 124 137 182
alpha-Terpineol 7785-53-7 154 59 93 121 136
Isoborneol 124-76-5 154 95 110 121 136
2-Methylisoborneol 2371-42-8 168 95 107 110 135
Geosmin 19700-21-1 182 112 125 164 182
1-Dodecanol 112-53-8 186

High relative humidity for
‘mold formation
- >55%

* 65% relative humidity
¢ 25°C

+ 90pL H,0
» 7.5pk
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e

GC Inlet
/ Transfer Line 4\-\;._

o, -

Preconcentrator

Poorly transferred from
ambient temperature air
canister

» Use a heating jacket
— 75°C equilibration

- g——. Turning Visions into Reality
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Evaluation and Implementation of Sensor Technologies in a
Regulatory Environment

Stuart J. Nagourney

Research Scientist

New Jersey Department of Environmental Protection
Office of Quality Assurance

PO Box 424

Trenton, New Jersey 08625

ABSTRACT

vironmental sensors are small, transportable analytical devices that provide data in real time,
are mggedized to withstand a wide range of weather conditions, operate remotely, acquire data
continuously or on demand, and provide processed data directly to the vser. One example usage
of environmental sensors would be for groundwater monitoring.  Environmental monitoring of
groundwater 15 a costly process that is accomplished typically by gathering samples from wells,
and then shipping them to a fixed laboratory where sample preparation and analysis is performed.
This process may not vield data for months after mitial sample collection. Cost could be reduced
by the use of sensors placed directly in a well, thereby eliminating sample collection and
shipment costs, and reducing analytical costs and delays in data acquisition and reporting  There
are a variety of technical, logistical and regulatory 1ssues that must be considered for sensors to
assume a role in the environmental community for routine momtoring operations. Sensor
demonstration projects can evaluate these and other issues.

INTRODUCTION

A technical'regulatory guidance document has been prepared by the Interstate Technology
Regulatory Council's (TTRC) Sampling, Characterization and Monitoring (SCM) Team
{(www.itreweb org) as an overview of sensors and their vse for environmental quality
professionals. The value of sensors for monitoring and remediation projects 1s discussed, and
examples of sensor technologies and a comparison to traditional data acquisition methods and
mstrumentation will be presented. Emphasis vpon the ability of sensors to generate legally
defensible data for regulatory use, and the regulatory community’s perspective on use of sensors
for environmental monitoring will presented along with examples of successful use of sensors for
regulated sites.

An Environmental Sensor Tool (Sensor) is defined as any device that collects environmental data
on water, air or soil, ideally in situ without the need to obtain a discrete sample.  Sensors ideally
can collect large amounts of data on a continuous basis over time, with the sensor often placed in
one location. Sensors are typically small. transportable analytical devices that provide data in
real time, are mggedized to withstand a wide range of weather conditions. operate remotely,
acouure data continuously or on demand, and provide processed data directly o the user. Sensors
can be used as a stand-alone to replace current methods or to supplement current methods.

NEMC 2008 1
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When faced with the novelty and assortment of sensors, imited knowledge of their capabilities
and overall costs, and concerns about comparability of sensor data with results from conventional
analytical methods, project managers and regulators may hesitate to incorporate on-site sensor
technology into characterization and monitoring efforts. Sensors can be effective tools for
meeting the responsibilities of environmental stewardship but guidance and education are needed
for optimal implementation of the new technologies, and understanding and acceptance in State
and Federal circles. The goal of the ITRC sensor document is to provide a floor of knowledge on
sensor operations, uses, hmitations, and regulatory considerations for technology implementers,
data users, and regulatory representatives as an aid for selection of appropriate technologies.

TYPES OF SENSORS AND ISSUES WITH THEIR USE

Sensors for environmental applications can be organized into two broad categories: Phvsical and
Chemical The TUSEPA has recently compared issues related fo these tvpes of sensors:

TYPES OF SENSORS

Iype Farameter Cost (4] Field-Readiness
Fhysical Temperature 50-100 High
Moisture, Content 100-500 High
Flow Rafe. Flow velocity 1.000-10,000 High
Fressure 500-1,000 High
Light Transmission (Turbidity) 800 -2.000 High
Chemical Dissolved Oxygen 800-2,000 High
Electrical Conduchivity BO00-2,000 High
pH 300-500 High
O RF 300-500 Medivm
Major lons (Cl, Na*) 500-800 Low-Med
Nutrients (MO 3, NH47) 500-35,000 Low -k ed
Heavy Metals HA Low
small @2rganic Compounds HA Low
Large Crganic Compownds N A Low

Examphes of @nvironmental sanion: codf (HA=Hat Avallablal. [From: Disfibuted Seniing Syitam:
lar Watar Quably Adsumant and Manragemant, WW S LCEMI)

Sensors for radiological and biological applications are also commercially available.

While sensors for environmental applications are generally available, there are issues related to
the selection, deplovment, operation and maintenance that must be considerad.

Technical specifications for sensors include issues such as:

*+ Range
»  Accuracy
»  Drift

+ Resolution

NEMC 2008 2
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Other questions mvolving the use of sensors inchude:

How often do I need to access the data?

Where will the sensor be deploved? — Sensors are often beneficial in inaccessible locations
How durable is the sensor for long-term applications?

How easy 1s the sensor to mstall?

Is power for the sensor readily available?

What are the hife-cycle costs? — 15 it justifiable by the greater data density?

What are the O & M costs?

SENSOR APPLICATIONS

Some potential areas of application of sensor technologies are extremely broad and diverse. It
meludes 1ssues such as the evaluation of septic systems, non-point source mn-off, combined
sewerage overflows, beach closures and water usage for golf course maintenance. Schematics of
applications to septic systems and non-point munoff are shown below:

Figure 1: Septic Systems

Figure 2: Non-Point Source Run-Of

o, | acoustic doppler
weloc ter BeEnEGr

Jawiling lagger armc winsbeas

OESEUnE, Mol sture, and
conductivity sensors

Figures I and 2 provided with permission of the Woodrow International Center for Scholars
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SENSORS AND DATA QUALITY

For any of the potential applications, an evaliation of the data quality issues comparing sensors
to traditional sampling’analysis protocols must be made if the use of sensors is plausible. Some
areas of consideration related to data quality include comparison of limits of detection,
percentage agreement between mitrate measurements nade by sensor and traditional analyses
and comparison of measurements of known standards.

Another impertant purpose of this study 15 to see if the increased data density provided by
sensors provides enhanced informational value to an environmental regulatory decision-maker.
Even if the quality of an individual data pomt provided by a sensor (as determuned by measures
such as sensitivity, accuracy or precision) is statistically different than a comparable data point
obtamed by conventional analytical methodology, the use of sensors may provide useful
mformation regarding the commlative effect that increased sampling frequency may impart to
decisions regarding analytical data.

USING SENSORS IN REGULATORY AGENCIES

A recent survey of State regulatory agencies involving the use or potential use of sensors was
encouraging. The major findings of this survey were:

* There are few real or perceived statutory barriers to the use of sensors for regulatory data
generation

e DNost States can accommodate the potentially large amounts of data that sensors can provide

» Sensor data must be compared directly to traditional data collection approaches using the
metrics described above.

The best way to evaluate the use of sensors is through targeted research or demonstration
projects. Objectives of any such project nmst include that the project conclusions must be of
broad national interest and applicable to other types of envirommental sampling situations
Sensor data mmst of comparable quality to traditional methods, The overall costs associated with
he acquisition of data by sensors nmst be advantageous when compared to traditional
sample/analysis approaches and that the reliabdity of continuous sensor data collection and
transmission st be assured.

Among several promising areas of sensor application is the monitoring of grounndwater discharges
from Confined Animal Feeding Operations (CAFOs). Oklahoma 1s one of several agrarian States
that has numerous CAFOs for cattle, hog, and poultry farming operations. Most of these
operations discharge animal wastes info a surface water lagoon. Groundwater s typically
monitored around these lagoons with a series of wells consisting of | upgradient and 2
downgradient locations. The monitoring operation 15 currently performed mamually usmg
contract labor to obtam the samples, which are then transported to a fixed laboratory for analysis
once each year.

The potential for nitrate pollution due to excessive seepage from the bottom of lagoons is
enormous. Due to financial constramts, most sites are only sampled and tested annually. The
map shown below indicates the scope and potential of this problem due to hog operations in OF:

NEMC 2008 4
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Swine LMFO's and Groundwater Vulnerability in Oklahoma

Flanzh, 2001

Swine Facidiss
x LMFQ

Frveh wearsl e fom Bk vua Do easires o ey e £ vang s i s i e
e L T N S S TS ——p

Ten percent of 790 wells located near CAFOs in OF showed levels of nitrate above the
regulatory limit of 10 mg N/L during the 2001 annual sampling episode. Due to the linuted
frequency of sampling, a very real potential exists to miss contanunation caused by groundwater
flux from a significant event such as heavy ramnfall. Decisions regarding the operational viability
of these CAFOs must be made based on the data available; if high readings occur, quarterly
sampling is commenced. This limited amount of information may compromise decision-making
and exacerbate existing problems, delaying remediation before issues are identified and defined.

Flush-out events that result from heavy ramfall may be nussed with the current annual sampling
practice. Continmous recording sensors are the most cost effectrve and practical way of
recording this relatively transient event, providing early identification of potentially harmful
pollution. If sensors prove to be a viable option for CAFOs, costs for manual sampling and
laboratory testing could potentially be reduced or eliminated.

SUMMARY

Important take-home messages about the potential for the vse of sensor technologies in
environmental applications are:

Sensors offer a new way to measure environmental confaminants
Sensors are an adjunct to, not a direct replacement for, traditional measurement systems
# Sensors can provide an “early-warming” of environmental problems before they become
SEVere
The hife cycle cost of sensors may be less than traditional measurement systems
# Most States will allow the use of sensors if data quality concemns are successfully addressed

NEMC 2008 5
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Data collected by sensors can be as selective, sensitive and accurate as those obtained by
traditional means
Sensors need to be “proven” via field research pilots/demonstration studies
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EVALUATION AND IMPLEMENTATION OF
SENSORS IN A REGULATORY

ENVIRONMENT

Stuart J. Nagourney, Research Scientist

New Jersey Department of Environmental
Protection

Office of Quality Assurance

stu.nagourney@dep.state.nj.us

609-292-4945

COMPARISON OF PROCESSES TO
COLLECT ENVIRONMENTAL DATA

Traditional Sampling

Pkg. Sample for Shipment Mail Sample to Lab

—

Sensor Collects Data in
Field; Transmits Info.
Directly to Office

"é
= :]_l:
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WHAT IF?

= it was possible to get real-time, continuous D
environmental data without having to
physically obtain a sample

’

A

= \What are the benefits of this type of data?

= What types of applications would this type of
information be useful for?

= What are some of the regulatory concerns
regarding the use of sensors?

WHAT DO | MEAN BY“SENSOR” (FOR
ENVIRONMENTAL WORK)?

= A sensor is any device that collects
environmental data on water or soil in situ
without the need to obtain a discrete sample.
Sensors collect large amounts of data,
potentially on a continuous basis over time,
with the sensor often placed in one location.

With permission of the Woodrow
International Center for Scholars
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SENSORS/CAR ANALOGY

+ These “car sensors help the driver make better decisions
- Speedometer
+ Prevent getting a ticket for speeding
—Fuel gauge
+ Prevent walking for gas

—Tachometer

+ Gauge most efficient use of
engine speed

» Sensors can provide similar help with
environmental decision-making

SENSORS VS. TRADITIONAL DATA

COLLECTION
o P
so e f‘/ \,\ ]
o = \N\vﬂ' = B il \M

Traditional sampling and analysis methods only collect
a limited amount of data; this can miss trends over time

Sensors gather much more data, providing useful
information on temporal variations in contaminant levels
that can be clearly defined
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SENSORS AND SITE REMEDIATION

Current

High

Project .
S cision Sensors:

Uncertainty

Provide flexibility

Characterizato n and Femediation Needed

Improve quality of
site inform ation

Sensors Low
Project Improve the quality
Decision of decision-making
Uncertainty )
Save time
Sensors and Triad Fils Site Resoration Completed
to a Higher Level of Quality
Lead b More Thorough i Sa ve $

Lipiil 2002

Site Characterization

SENSORS:
TECHNOLOGY AND SELECTION

» Types of Sensors

» Selection Criteria

I

» Installation and Securlty With permission of the Woodrow

International Center for Scholars
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SELECTION CRITERIA

9
TYPES OF SENSORS

Type Parameter Cost ($) Field-Readiness

Physical Temperature 50-100 High
Moisture, Content 100-500 High
Flow Rate, Flow Velocity 1.000-10,000 High
Pressure 500-1,000 High
Light Transmission (Turbidity) 800 -2,000 High

Chemical Dissolved Oxygen 800-2,000 High
Electrical Conductivity 800-2,000 High
pH 300-500 High
ORP 300-500 Medium
Major lons (CI', Na¥) 500-800 low-Med
Nutrients (NO3-, NH4™) 500-35,000 low-Med
Heavy Metals NA low
Small Organic Compounds NA low
Large Organic Compounds NA low

Examples of ervironmental sensors: cost [NA=Not Available). (From: Distributed Sersing Systems
for Water Quality Assessment and Management, WWC &CEMS)
10

» Technical Specifications

» Usage Considerations

» Capabilities

» Maintenance & Operation

p Cost
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|

TECHNICAL SPECIFICATIONS

L

» Range

» Accuracy

» Resolution

p Drift

2030 40

12

USAGE CONSIDERATIONS

» How often do | need to access data? /

» Where will sensor be deployed? '

P —

» Durability

p Ease of installation

» Power considerations

b
.
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CAPABILITIES

» Built-in datalogging

» Automatic alarming & control L

» Portable vs. Dedicated A

» Telemetry/wireless capable \ /
y AR

» Web based control or data access

p Software

14
MAINTENANCE & OPERATION
p Calibration

-
— -

» How is it done? - To
- Factory?
» Service
" Cleanlr.lg | « In the field?
» Changing desiccant e In my lab?
» Must return to
factory?

 How often???7?
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COST CONSIDERATIONSS

» VWhat are the Costs?
* |nitial purchase price
* Lifecycle costs must be evaluated

* Are they justified by the greater data density?

» What are the O&M Costs?
Installation

Calibration

Maintenance

* Training

16
AREAS OF APPLICATION: SEPTIC SYSTEMS

With permission
of the Woodrow
International
Center for
Scholars

lllustration of @ sensing system used to monitor aqueous contaminants in soil and groundwater. Sensors embedded in the
soil and groundwater monitor a chemical plume spreading from a source, such as a septic tank. If concentrations become

too high, the system generates an alert. lfiustrafion: J. Fishar, UC Merced

Malfunctions are unpredictable & detrimental effects slow to accumulate

Temporal data provides info. on wastewater composition

“Meter Readers” could monitor septic systems
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AREAS OF APPLICATION: NON-POINT
SOURCE RUNOFF

node, logger acoustic doppler o )
sndViiiEes: —\\ velotliater sensot /- javelin, logger and wireless

Y

With permission
of the Woodrow
International
Center for
Scholars

pressure, moisture, and
conductivity sensors

lllustration of hypothetical non-point source runoff drain and
javelin-based monitoring system lllustration by J. Fisher U. Merced

MULTI-SCALE SENSOR SYSTEM

aerial wire-network

imager

micro-
climate

air temperature, windspeed,
and humidity sensors

t
air & Co, N
sSensor

nitrate, soil moisture, soil CO.,
and temperature sensors

With permission of the Woodrow
International Center for Scholars
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CURRENT SENSOR ACTIVITY

» Commercial marketplace is booming

» Extensive academic and commercial research

» EPA
— Strategic Plan 2006-2011: Goal 4

» NSF
— National Ecological Observatory Network (NEON)

—S3ensors for Environmental Observatories report: 2006

» |nterstate Technology Regulatory Council (ITRC)

SENSOR IMPLEMENTATION HURDLES

» Do State or Federal regulations prohibit the use of sensors?

* |TRC State survey shows no real or perceived regulatory
barriers

» Can data management and storage issues be addressed?

* Most organizations can handle the transmission and
storage of large amounts of sensor data

» Can sensor data be proven to be equivalent to traditional
methodologies?
* We need to conduct pilot studies where sensors are
directly compared to traditional data acquisition systems
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POTENTIAL SENSOR RESEARCH PILOTS

» Groundwater monitoring in NJ

* Evaluate anthropogenic nitrate input above 10 ppm DW
std.

p TCE Plume Delineation at Andrews AFB

* |n conjunction with ESTCP, use ORP, conductivity and pH
sensors as surrogates to help define extent of TCE plume

» CAFOs in OK

* Effluents from animal feeding operations to GW and DW
sources

SENSOR RESEARCH: CAFOs

» CAFO = Confined Animal Feeding Operation

» CAFOs discharge to surface water lagoons; (NO3) seepage a concern

» Monitoring of wells upgradient (1) & downgradient done annually due to
high labor and lab. costs

» Contamination due to groundwater flux from heavy rainfall may be missed

With Permission of Dr.
J. Shirazi, OK DOA
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WHAT THE CURRENT CAFO DATA SHOWS

» Widely varying (NO3)-N levels; samples taken every 6-12 months
from 2000 - 2007:

* #1:002-0.36 mg/L
* #2:02-100

* #3:003-18.39

* #4:04-142

p Data sometimes taken when wells
as “dry”

» Sparse and widely variant data makes any
to conduct

24

SENSOR CAFO RESEARCH PROJECT

» Deploy nitrate sensors at several OK CAFO sites in
2008

» Collect data for 9-12 months

» Compare results and costs to traditional methods of
collection and analysis

» Publish documents/present talks describing study
results
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SOME TAKE-HOME MESSAGES

Sensors offer a new way to measure environmental contaminants

Sensors are an adjunct to, not a direct replacement for, traditional
measurement systems

Sensors can provide an "early-warning” of environmental problems
befare they become severe

The life cycle cost of sensors may be less than traditional
measurement systems

Most States allow the use of sensors

Data collected by sensors can be as selective, sensitive and
accurate as those obtained by traditional means

Sensors need to be “proven” via field research pilots/demonstration
studies
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Addressing the Misconceptions About QA/QC in Triad
Projects

William Davis

W Davis Environmental Consulting
220 Eathym Awve.

Decatur, GA 30030

404-378-3326
mmbdavis@bellsouth net

ABSTRACT

The Triad approach addresses the uncertainty associated with site heterogeneity by using field
based measurements to assess, generally in real-time or near real-time, the representativeness of
samples and sampling strategies. By using predetermuined vet flexible sampling protocols
{proscribed mn the dynamic work strategy), the site investigation converges on the sampling
density necessary to reduce the conceptual site model (CSM) uncertainty to acceptable levels
that support the site decisions the project was designed to address. Analviical uncertainty is also
assessed and controlled to the level necessary to support site specific decisions. All Triad
projects have Quality Assurance Project Plans.

Precision and accuracy are very important DQOs with any project. All data used to support site
decisions must be of defined quality. There has long been a perception that field measurements
can not meet precision and accuracy requirements to provide data of adequate quality for various
site decisions (1e. remedial design/selection, risk assessment). The Triad approach addresses
precision and accuracy in terms of whether a technique or system provides data of defined
quality which 15 adecuate to support decisions, often in real-time or near real-time. There are
many different field measurement technologies available today, all of which can provide data of
known quality as long as the analyst performs proper QU procedures. Even relatively qualitative
data such as the GeoProbe membrane mierface probe, immuno-assav and colorimetric
measurements require calibration and periodic calibration check samples to msure they are
operating within acceptable precision and accuracy criferia.

In Triad projects, data are generally used in real-time, as often as immediately after the
completion of the analysis, to make decisions about the site investigation. It 15 critical that the
field analyst use the QC data as 1f is collected to access data quality in real-time and to alert the
on-site project manager to any QC problems encountered. It is true that data are vsed i Triad
projects to make decisions before third party validation occurs. This 15 due to the immediate use
of the data by the core technical and decision teams. However, this does not mean that the
proper QC procedures are not followed or that third party validation is not possible. Field
measurement technologes produce data sets that are often validated after the completion of the
field portion of the project. The level of QU and data validation required are project specific and
are key elements m the systematic planning portion of Triad projects.

NEMC 2008 1
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A hallmark of Triad project uncertamty management is the use of multiple data streams to evolve
the CSM. For example. collecting high resolution geologic data and high resolution contanmnant
distribution data often allow a very detailed understanding of the contaminant distribution
relative to groundwater flow. The convergence of the collaborative data sets adds to their ability
to manage project decision uncertainty. It should be remembered that the objective of QA/QC
procedures for any project is to insure that data quality 1s adequate to support project specific
decisions. Although not a traditional form of project QC, the convergence of collaborative data
sets 15 a strong component of all Triad projects that 1s used to manage decision uncertainty.

This paper will discuss the implementation of QA/QC procedures during a recent Triad

mvestigation that vsed senu-gquantitative data (MIP) and both on site quantitative (EPA Method
8265) and off-site quantitative (EPA Method 8260b) data to address uncertamty in the CSM.

NEMC 2008 2
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Quality Assurance/Quality Control and
the Triad Approach

2008 National Environmental Monitoring and
Analytical Conference

William M. Davis
Triad Environmental Solutions, Inc.

QA/QC and the Triad Approach

Overview

Definitions

Planning for QA/QC: How much is enough?

Executing the QA/QC program

How is QA/QC is different in a Triad project?

* Summary
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QA/QC and the Triad Approach

Definitions continued:

Validation: confirmation by examination and provision of objective evidence
that the particular requirements for a specific intended use are fulfilled. Tn design
and development, validation concerns the process of examining a product or
results to determine conformance to user needs.

Verification: confirmation by examination and provision of cbjective evidence
that specified requirements have been fulfilled. In design and development,
verification concerns the process of examining a result of a given activity to

determine conformance to the stated requirements for that activity.
PARCC: Precision, Accuracy, Representativeness, Comparability Completeness

Source: US EPA 2002, “Guidance on Environmental Data Verification and
Data Validation (EPA Q4/G-8)”

QA/QC and the Triad Approach
Planning for QA/QC: How much is enough?

QA/QC are addressed during systematic planning & address
specific DQO requirements!!!
This includes:
Selection of methods with appropriate LOD, selectivity...
Specifying QC acceptance criteria to meet project objectives
Level of verification/validation required

QA/QC are documented in the Dynamic Work Strategies WP,
this includes an integrated or stand alone QAPP!!!

* QC (and some QA) are executed, documented and reported during
field execution

+ QA is reported in the data verification/validation report in the
final project report
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Planning for QA/QC: How much 1s enough?
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QA/QC and the Triad Approach

» Semi-quantitative methods require a QA/QC plan!

X-ray Fluorescence, MIP and Immuno Assay system checks
w/ specified performance criteria

Pre-deployment data comparability study Immuno Assay

Field Lab DDT Regression Analysis (R2 = .79)

0.0 0.5 1.0 1.5
Field Lab Endrin, ppm
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Data Collaboration

Split sample results EPA Method 8265
and EPA Method 8260B

100000

10000

1000

100

10

EPA Method 8265

1

0 1 10 100 1000 10000 100000
EPA Method 8260B

EPA 8265 = 0.75 EPA Method 8260B + 93; 2 =0.98, n = 207 |

130




14000

12000

10000

4000

2000

NEMC 2008

Data Collaboration

MIPO4 MIP and EPA Method 8265 COllaboration

Test ID: MAF-MIP-04  Project: MIP_LA Date: 02/Mar/2005

Stess COR Pare Pressure. CELCD(CPT}  DELG

4
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BEPA G265 (makg) ODECLD {mv) BDSITVS (countsx 10-9) |

QA/QC and the Triad Approach

Planning for QA/QC: How much is enough?

» Ficld deployed quantitative methods require a QA/QC plan!

The amount of QA/QC may be lower than the same method
executed in the lab, it may be the same or it may be more.

McGuire AFB, NJ, 14 working days, 15 MIP, 640
analyses (234 client soil, 162 client groundwater,
(244 QC samples)

Vandenberg Air Force Base, CA, 3.5 working
days, 352 analyses of passive diffusion bags
samples (290 client samples, 62 QC samples)

Hill Air Force Base, UT 9.5 working days,
840 analyses (609 client samples, 231 QC samples)
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QA/QC and the Triad Approach

Planning for QA/QC: How much 1s enough?
» Verification of data required in real-time in Triad projects
Field analyst MUST verify data

Off-site near real time verification as require by
project DQOs

» Validation can be performed in
real-time or after project
field execution

* Blind performance
check standards for
real-time validation

QA/QC and the Triad Approach

Executing the QA/QC program

“The best laid plans .......... ”
Y ou must be diligent in the execution!!!

Depending on level of QA/QC to meet project objectives, your
QC officer may need to review data daily during field execution.

Real-time decisions require real-time data, therefore

real-time QA/QC.

Real-time and near real-time availability of QC data to decision
makers.
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QA/QC and the Triad Approach

QA/QC 1n real-time and near real-time

Tri-Corders Environmental, Inc.

EPA Method 8265 Results DRAFT

B-Zep-0a
Sarrple Wil Depth  Wr1,2 DCA DCE TCE CHIZ
MName Mumber ULy (ugl) (ugfly fugrL)

or ugrkg oruglky orugkn | ofugiky

Water Extracts
Bk <16 <16 <16 <1.8
Dlk2 <16 <16 <16 =1.8
20 pph F GOSN 02 155 240 255 240
FCT1-8 GW 55" <16 <16 T0<18
20 pph FCOA01 03 01 188 204 197
20 ppk v OCM 14 01 <16 <16 193 <1.8
Bk 3 <16 =16 <16 <18
FCT1-8 G 55 1111 <16 <16 632 <18
FC11-8 G 1111 dup <16 <16 G418
FC11-8 55'1037 dup <16 <16 65 <18
Dk <16 <16 <1.6 =1.8
20 ppk FCOS0T 04 212 202 223 212
blks <16 <16 <16 =1.8
20 pphk F GOSN 05 s 183 201 105
FC 55 Gt 1320 =16 <16 1.1 [ig]
CPTATE 37434 <1 G <16 54 [il]
CPTATE 5457 <16 <16 128 [ig]
FC 55 Gt dup <16 <16 1.1 [i]
CPT7B 32 dup <16 <16 55 il]
CRTTE &4 dup <16 =16 11.4 na
BIKOG <16 <16 <1.6 <1.8
20 pph F COA0T 06 208 18.3 202 201
FCT-5 G 4T <16 <16 50 ng
FC -5 GW 49 dup <16 <16 52 [i¥]
BIkO7 <16 <16 <16 <1.8
20 pph FCOA0T OF 183 17.0 190 176

CCl4 1,2,3TCP
(ugil) (ug/L)
orugkg  orugky
<1.8 <2.5
<1.8 2.8
5.5 231
1.5 <2.6
0.2 174
20.8/<2.6
=18 %28
08J <2.5
0.8) <2.8
0.8 <2.5
=1.8 <2.8
225 17.0
=1.8 <2.8
0.5 16.3
<1.8 <2.8
<18 <28
07 <2.B
<1.8 <2.B
<1.8 <2.5
05 %28
<1.8 <2.5
0.3 16.0
<18 <28
<1.8 <2.B
<1.8 <2.5
18.0 12.7

QC Criteria QC

uoll)

14-26

14-26
14-26

14-26

14-26

14-26

14-26

QA/QC and the Triad Approach

Executing the QA/QC program

werification

passed

passed
passed

passed

passed

passed

passed, except TCP

* Close communication between the analyst(s) and the on site

technical project manager

» Decision strategies should address corrective actions and/or
communications strategics for QC variances

* Decision strategies should also address adaptation of QA/QC
during field execution as necessary
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QA/QC and the Triad Approach
Executing the QA/QC program

Examples of adapting QA/QC during project:

» Accepting failure of continuing calibration check for
analytes not present at site

* Increasing number of spikes or duplicates to assess
site specific matrix effects

» Real-time re-sampling at a specific location to
differentiate analytical, sampling and CSM uncertainty

e Others

QA/QC and the Triad Approach

How is QA/QC is different in a Triad project?

QA/QC 1s as important in a Triad project as it 1s in a conventional
project.

How is QA/QC is NOT different in a Triad project?
QA/QC has the same objectives for a Triad project as with a
conventional project: managing uncertainty in the data set and

therefore in project decisions

Triad preojects do the same QA/QC as conventional projects
and then some!!!
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QA/QC and the Triad Approach

How is QA/QC is different in a Triad project?

Field analyst is more involved with sampling and can alert field
project manager to potential sampling and analytical problems
in real-time or near real-time. Ieads to very complete data sets.

Communications of all data to decision makers 1s rapid, allows real-
time or near real-time adaptations of QA/QC procedures as needed.

High through put analyses allow additional QC data collection.

Multiple lines of data/evidence converging to the same conceptual
site model increase acceptance.

QA/QC and the Triad Approach
Summary

QA/QC in a Triad project is required to meet the same
objects as QA/QC 1n a conventional project

Data verification and validation often occur in real-time or
near real-time

QA/QC 1n a Triad project are part of the process of
managing data and decision uncertainty, just the same as in
conventional projects

The convergence, or lack there of, of multiple lines of data
to a consistent conceptual site model is a form of QA
unique to Triad projects and leads to higher confidence in
project decisions
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QA/QC and the Triad Approach

Summary

Quality Assurance: an integrated system of management activities
involving planning, implementation, documentation, assessment, reporting,
and quality improvement to ensure that a process, item, or service is of the
type and quality needed and expected by the customer.

Quality Control: the overall system of technical activities that measure
the attributes and performance of a process, item, or service against defined
standards to verify that they meet the stated requirements established by the
customer; operational techniques and activities that are used to fulfill
requirements for quality.

Source: US EPA 2000, “Guidance for the Data Quality Objectives Process
(EPA Q4/G-4)”

QA/QC and the Triad Approach

Summary

QA/QC, the DQO process
and the Triad process
all have the same objectives:

Supporting sound
project decisions

Proper QA/QC planning and
execution 1n a Triad project
help ensure project uncertainty
18 1dentified and managed.
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QA/QC and the Triad Approach

References

Crumbling, et al, 2004, “The Maturing of the Triad Approach:
Avoiding Misconceptions”, Remediation, Autumn, 2004, §1-96

Sampling, Characterization and Analysis tecam page
U.S. EPA Web page, good Triad resource

Multi-agency Web site on Triad
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EPA Method 8330B: Data Quality Impact on the
Characterization of Energetic Residues on Military Training
Ranges

Alan Hewitt

US Army CRREL

72 Lyme Rd.

Hanover, NH 03733
603-646-4388

alan d hewitt@erdc usace army.mil

ABSTRACT

In the past, very little muidance has been available for site characterization activities addressing
the concentration and mass of energetic residues m military training range sois. Asa
consequence the characterization of energetic residues depends heavily on sampling and analysis
plans adopted by different branches of the government. Experiences gained through more than
25 training range studies conducted by ERDC-CREEL and others under the SERDP (ER-1135
and ER-1481) and Corps of Engineers Distributed Source Program led to modifications of EPA
Ilethod 8330 posted as Method 8330B (hitp://www epa. gov/epaoswer/ hazwaste/test/ new-

meth htm#83308) in which techniques are described that allow scientifically defendable project
data quality objectives to be achieved.

Energetic residues are heterogeneously distributed over mulitary traming ranges as particles of
various sizes, shapes and compositions. Most energetic residues are deposited on the surface,
and the highest concentrations exist at finng positions, near targets, and where demolition
activities are performed. Inthe case of impact and demolition ranges the greatest quantities of
residues are from rounds that fail to detonate as designed. To address the compositional and
distributional heterogeneity associated with the distribution of particles and to obtam
representative mean energetic residue soil concentrations, the sampling strategy must strive for
the acquisition of samples that contain the constituents of concern in the same proportion to the
bulk matrx as exists within the decision unit (sampled area, population, exposure unit). This
objective has been frequently achieved with samples of mass greater than 1 kg composed of 30
or more merements that have been collected starting at a randomly selected position followed by
evenly spaced locations throughout the sampling area. To ensure that the subsample taken for
analysis of energetic residues 1s representative of the sample. the field sample must be processed
thoroughly. This objective has routinely been accomplished when the entire sample was air-
dried, sieved, and the less than 2-mm portion mechanically pulverized prior to splitting or sub-
sampling. This procedure is especially critical for firing point samples due to the polvmernc
composition of the particles.

This presentation will summarize the sampling and sample processing protocels recommend n
Method 83308, highlighting their impacts on data quality and risk assessment through the
application of Pro UCL.

NEMC 2008
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EPA Method 8330B: Data Quality Impact on the Characterization of

Energetic Residues on Military Training Ranges

Alan D. Hewitt
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Hanover NH 03755
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Presentation Outline

* Method 8330B — Data quality
* Multi-increment sampling — Case study

Discrete vs. Ml samples —
Upper confidence limit (UCL) of the

OO Test Methods: New Methods |
< [ + | @ hitp / faww.epa.gov) epacswer hazwaste /test/new-math.htm 8O- Coogle o)

O CRRELInfo Apple Mac Amazon Yahoo! News(74)v Apple (3617

[l restmernods: New = |
U.S. Environmental Protection Agency 0

TEST METHODS

Recent Additions | Contact Us | Frint Version Search; =

EPA Home > Wastes > Test Methods > SW-B46 Manual > New Test Methocs On-ine

New Test Methods On-line

Method 8265 - Mar 2002 Methed 5030C - May 2003 Methoed 8230C - Aug 2008
54 - Jul 2002 Method 80750 - Jun 2003 gt Sebd05
Oct 2002 IMethod 50214 - Jun 2303 ¥

Nov 2002 IMethod 9015 - MNov 2004 fecbelgi] b
511 - Mov 2002 IMethod 90134 - Nov 2004 Method 6850 - Jan 2007
Method 8323 - Jan 2003 Meihod 35424 - Jun 2006 Method B270D - Fets 2007
Method 8300C - Mar 2003 Meihed 3200 - Jul 2005

Methed E265: [PDF File, 64 pages, 23* KB, Marcn 2002]
Volztile Crganiz Compourds in Water, Soil, Soi Gas and
Air by Diraet Sampling lon T-ap Mass Spectmmetny
(DSITMS)

You will need Adooe Acrobat

http://Amww.epa.goviepaoswer/hazwasteftest/pdfs/8330b. pdf
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Method 8330B:
Sampling and sample processing
n 5. l ——
“raining range. }l i s o
Sampling strategy 'I I:' ':' ':' ':' "
and design .l I:. .:. .:. .:. .‘
Whole sample air
drying

Whale sample
sieving

Whole sample
pulverization

Subsampling

Major changes to S\W-846
Method 8330

* Determine analyte concentrations in the less than 2-mm
size fraction in entire sample by using a #10 sieve to
remove the oversize material.

* Machine grind (puck mill) soils from training ranges with
high explosives for 60 s

* Machine grind (puck mill) soils from firing points and
demolition areas for five 60-s cycles

 Build 10-g analytical subsamples by combining at least 30
increments of the ground field sample.

» Extract samples with 20 mL of acetonitrile on a platform
shaker or cooled sonic bath.
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Method 8330B addresses:
Residues at Firing Points

Howitzers

Burning of
Excess
Propellant

Method 8330B addresses:
Residues on Impact and Demolition Ranges:
High Order, Low Order Detonations, and Duds

| High Order Detonation
o — Round detonates as designed
— Metal fragments very small

— Residues deposited in
sub millimeter particles

Low Order Detonation
— Round only partially detonates
— Large metal pieces remain

— Residues deposited in millimeter
to centimeter particles and chunks
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Propellant and High Explosive residues are
deposited as particles

o

155-mm Howitzer Round ~

What Do We Want to Know?

+ Is mass of energetic residue in area of concern
sufficient to present an unacceptable risk to ground
water and surface water resources? (estimated from
mean concentration in source zone)

* |s mean concentration present in the exposure unit
above some risk criteria for target organisms on
range?
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Sampling Designs
*Box & Wheel
5-increment box sampling design

Multi-increment sampling design
Method 8330B

Area Sampled ( t i g‘ LR85 6

7-increment wheel sampling design

Area Sampled
A Increment position * Not recommended in Method 8330B

Concerns: Field Splitting and
Laboratory Subsampling

*Triplicate >10-g subsamples removed
in the laboratory from a moist
unprocessed field sample.

*Field splitting of wheel sample into seven
portions after mixing in bowl.
* Not recommended in Method 8330B
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Demo Range Sample

RDX (mg/kg)

50

40

30

20

10

o

Total Sample
(Mass =702 g)

30 —

50

40

[ Wheel Sam ple

30
/—DZD
10
[ikall

Split in Field

( 7, ~100-g portions) (3,

RSD = 62%

Laboratory
Sub-samples

10-g; 1, 61-g portion)

RSD =105%

Firing Point Fox Sample
from Ft. Richardson

NG (mg/kg)

30

20

10

30

Wheel Sample

_ /_’ “
10

_Eau!_i! )

|/\
.

Split in Field Laboratory
Sub-samples
( 7, ~80-g portions) (3, 10-g; 1, 38-g portion)
RSD = 81% RSD = 100%

Among 20 sets of field splits of box
and wheel samples Median RSD = 43%

50 —

st |
it |—
“LO00
il
Analytical
Replicates

(3 analyses)
RSD = 0.7%

30—

20 —

10 —

sl
Analytical
Replicates

(3 analyses)
RSD =0.3%

Among 31 sets of triplicates
Median RSD = 62%
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Split Sample Concentration
Relative to Bulk Sample Concentration

Split sample BIAS : Wheel of fortune or misfortune?

1.0
Split concentration

Split concentration
is lower is higher
than bulk than bulk

20
n=130

\— False positives

Subsample Concentration
Relative to Bulk Sample Concentration

Subsampling BIAS : Wheel of fortune or misfortune?
1.0

Subsample Subsample
lower than higher than
bulk

bulk

05

False positives (0.9%)
n=109

False negatives
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Multi-increment Bulk Sample and
Subsample Extractions: Method 8330B

Comparison between Bulk and
Average Subsample Concentration

(After 8330B Processing)
Location  |sample | Soil wt (g) |Acetone (mL) Concentration (mg/kg)
HMX | RDX | TNT | 2,4-DNT
Bulk 1766 3540 202 | 119 481
FRADemo M-8 | Ri 10.0 20.0 198 | 117 458
R2 10.0 20.0 200 | 116 492
R3 10.0 200 1.98 11.8 522
(Demolition Range) Ave 1.99 1.7 491
Std Dev 0.009 | 0.0%0 0.320
%RSD 0.48% | 0.77% 6.53%
RPD (Bulk vs. Rep Ave) | 1.5% | 1.7% 21%
Bulk 1278 2560 276 | 143 [ 1.56
FRA LO# 3 MI-5 R1 10.0 20.0 272 | 141 | 160
R2 10.0 20.0 272 | 141 | 160
(Impact Range) R3 10.0 20.0 260 13.9 163
Ave 268 | 140 | 161
Std Dev 0.069 | 0.125 | 0.016
%RSD 259% | 0.89% | 1.00%
RPD (Bulkvs. Rep Ave) | 3.1% | 2.0% | 3.2%
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Comparison between Bulk and
Average Subsample Concentration

(After 8330B Processing)

Location |Sarr|ple |Soi| wt (g) iAcetone (mL)| Concentration (mg/kg)
2,4-DNT NG
Ft. Richardson Bulk 1196 2400 4.21
FP Fox R1 10.0 20.0 4.00
MI-10 R2 10.0 20.0 5.04
R3 10.0 200 4.06
(Firing Point) Ave 4.37
Std Dev 0.584
%RSD 13.4%
RPD (Bulk vs. Rep Ave) 3.T%
CFB Petawawa | Bulk 1935 3880 0.964 297
FP Juliet Tower R1 10.0 200 0.88 2.38
140 MI-5 R2 10.0 20.0 1.09 284
R3 10.0 20.0 147 3.36
(Firing Point) Ave 1.05 2.86
Std Dev 0.152 0.490
%RSD 14.5% 17.1%
RPD (Bulk vs. Rep Ave) 8.5% 3.8%

Particle Size Reduction by Machine
Grinding: Are there losses ?

Minimize fundamental error due to compositional heterogeneity
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Environmental Resource Associates (ERA)
Performance Evaluation (PE) Material —
US Army COE HTRW CX

Comparison of Mean Recoveries

Certified Mean Recoveries
Analyte | Value (mg/kg) | Historical 90 sec* | 90 sec & 4x60 sec*
4AMDNT 0.946 723+13.0% | 91.4+3.1% 85.1 % 3.1%
2AmMDNT 0.650 81.9+£129% | 102%15% 97.9+2.1%
DNB 1.010 927+118% | 976+ 17% 95.3 + 2.0%
2,4-DNT 0.645 9221 14.0% | 952%1.8% 93.4 £ 2.2%
2,6-DNT 1.320 90.7 +15.4% | 975+ 1.7% 94.9 % 1.8%
HMX 0.620 845+154% | 96.1+3.0% 91.8 +2.9%
NB 1.400 88.5+150% | 837 +1.8% 80.8 £ 1.5%
2-NT (o) 1.460 91.9+125% | 98.0+1.5% 94.0 £ 1.4%
3-NT (m) 1.020 96.1+13.7% | 91.4+25% 89.9 + 2.0%
4-NT (p) 1.840 928+151% | 93.0+25% 90.0 £ 1.6%
RDX 0.583 88.0+142% | 872+3.1% 84.7 + 3.4%
TNB 0.696 87.0+14.5% | 99.8+2.0% 96.8 + 2.5%
TNT 0.808 82.4+10.8% | 957 +25% 93.4 £ 2.4%
NG 1.000 96.3 + 1.3% 90.1 + 2.8%
PETN 1.000 102 £ 4.5% 100 £ 6.1%

* Ground in puck mill
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Test America / CRREL Comparison

(Post Grinding QA)

Concentration (mg/kg)
CRREL TA* TA
Sample Compound HPLC-UV'! | LC/MC | LC/IMS/MS
HMX 219 +0.06 2.65 2.85
LO#3 MI#5 RDX 13.0+0.36 13.4 13.2
TNT 1.14 £ 0.04 1.10 1.25
HMX 6.67 £ 0.09 7.7 8.39
LO#3 MI#10 RDX 50.6 £ 0.20 49.4 49.7
TNT 25.5+0.12 27.7 26.0
FP Fox MI#5 NG 62.8 £2.16 57.3 51.5
FP Fox MI#10 NG 499*0.16 442 3.99
*TA: Test America-Denver, CO
T CRREL Analyses: n =3
Subsamples 10.0 g

Case Studies: The Decision Process

Data Quality
Objectives
n"'
o (DQo) Field Sampling
& * Plan
; {FSP).
..' Sampling Quality Assurance
K ' and Pro'jne'&:ltaslan
i 8
5 7| Analysis 80
» K Plan Health and
» > Safety Plan
: (HSP)
L]
E Sampling
Wi ®
‘.“ ] Analysis
" %, ‘ Laboratory Data
0 % & Verification/
e, % e . > Validation
*aertas,] DataQuality L
“#d Assessment |4
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U.S. Army Corps
of Engineers

Lessons Learned During the
Implementation of the CRREL Multi-
Increment Sampling (MIS) Approach

and Analysis by SW-846 Method 8330B

Mark R. Koenig
Senior QA Project Chemist
U.S. Army Corps of Engineers
New England District

Source:
http: /fwww testamericainc. com/News/EventsiVebinarMethod83308. html

Tango Range Figure- First Sampling Strategy|lamire iy
N I ; I:I Ranges

|||||

Tanga Range
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Machine Gun Range

<0.10 Area C
NG <0.10 ﬁo <0.10 (100 increments)
(mg/kg)
Targets
050 |23~ | 049 Area B -Targets
0.94 (100 increments)
30m 3.0 == 24
e e Area A
—— 5.4 0~ 1.7 (50-100 increments)
21
X X X X X X

Firing Points

Tango-Range Figure- 2nd Sampling Strategy | —
[ sempte area

| CIGATION MAP

NOTES & SOURCCE

Senter 1 =
Triplicate Results
for Field Samples:

50, 51, 51 mg NG/kg

50-increment samples —

T Range
In-situ Remediation Arcas
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Sampling Experiment

105-mm Howitzer Firing Point
Donnelly Training Area, AK

10-mX10-mGid -+

Field Sampling Experiment: Estimating
mean concentrations

Discrete Sampling Multi-increment Sampling
¥ i

A & | & |4 & |a|Ala|a|a ' _,? _? ,,T ,,° _° ,,° ..%.." .,o "
A A & Iy A Y A Y A& 'y “! "’ ,‘:! :u “°f.“° =D .,o -0 =°J
aa|ala|afafala|a]a {y.t...?_..f_.."_..".s" %% % %% x°
A|a|alafalafafalala gy s?s°s°a°x°x°a°u°
A | & |A |4 |a |a |4 |&a|a|a ‘? ;i g' g“ g‘ ”u ‘n aa a“ u°
& Y & A A & & & A A x? *? 't“Q ”o ‘0 Kn “0 ﬂo xo
ala|aa|afalalafala ¥t 2w x % x% k%%’
alafaalalalalala]a xd x? 2% 2% %% x° %% %% x° x°
A |4 |a & & a6 |A|a|a g? g? % gn 2% %% %% %% 2% x°
'y A A Iy & A & & & Y 't ‘. ‘O ”D so 'Q gogo “0 no
a g:ao#l%clzggn point for 100 discrete e ;, Path of travel

© X |ncrement collection point for

A Typically only a few discrete two separate M| samples

samples are collected
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The CRREL Multi-Increment
Sampling Tool

Features
Fixed diameter plug
Variable depth
Stratified sampling
Easy to clean

Available From:

GPL Laboratories, LLLP
7210A Corporate Court
Frederick, MD 21771
301-694-5310
<http:/iwww.gplab.com>

Sampling Objective: What is the mean
concentration of 2,4-DNT in a 10-m X 10-m
area at a 105-mm Howitzer Firing Point?

Comparison: Discrete samples collected in 1-m x 1-m
cells within a 10-m X 10-m grid. 30-increment samples
collected throughout entire 10-m X 10-m grid.

Results: Discrete Multi-increment
Number of Samples: 100 10
Minimum: 0.0007 mg/kg 0.60 mg/kg
Maximum 6.4 mg/kg 1.35 mg/kg
Mean: 1.1 mg/kg 0.94 mg/kg
Standard Deviation: 1.2 mg/kg 0.24 mg/kg
Median: 0.65 mg/kg 0.92 mg/kg

Distribution: Skewed Normal
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2,4-DNT Conc. (mg/kg)

NEMC 2008

Normal Probability Plot:

100 Discrete Samples

7
100 discrete samples |
from 10-m x 10-m area Maximum 6.4 mg/kg |
6
5
[ ]
a| _¥
‘.
3 L ]
-
L ]
2 -
_# Mean 1.1 mgkg
‘ ig -
Minimum 0.0007 mgkg | L  Median 0,f|35 mgflkg
0
.01 A 1 5 10 2030 50 7080 S0 95 99 99.9 99.99
Percent
Normal Probability Plot:
Ten 30-Increment Samples
1.4
)
1.3 1
L ]
1.2 /
/
11 ﬁ
1
0.9 s
0.8
0.7 /
0.6 .

.01

A 1

5 10 2030 50 7080 90 95 99
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Distribution of 2,4-DNT Concentrations

16
M Discrete Samples (n=100)
14 30-Increment MI Samples (n=10)
12
.. 10
Q
&
3 8
g
Lo
4
2 _|
) 11111 O YOO
0.0 1.0 20 3.0 4.0 5.0 6.0

Concentration Grouping (mg/kg)

Distribution of 2,4-DNT Concentrations

16
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95% UCL — Mean 2,4-DNT Concentration (mg/kg)
10 x 10-m area - Firing point Mark

100 Discretes (1 x 1-m sub grids)

— Mean 1.1

— Median 0.65
— Min 0.0007
- Max 6.4

95% UCL w/ ProUCL 1.3

10 Multi-increment Samples (30-incr.)

— Mean 0.94
— Median 0.92
— Min 0.60
— Max 1.35

95% UCL w/ ProUCL 1.1

Grand mean concentration
0.94 mg 2,4-DNT/kg
(28.1 kg of surface soil)

FP Mark — Sampling Statistics:
2,4-DNT Concentration (mg/kg)

Using subsets of randomly selected
values from both sampling strategies

10 Multi-increment Samples 100 Discrete Samples
Measured Concentration: Measured Concentration:
— 95% UCL w/ ProUCL 1.1 — 95% UCL w/ ProUCL 1.3
ProUCL Trials — ProUCL Trials —
Number of 95% UCL w/ Number of 95% UCL w/
Samples ProUCL (5 trials ) Samples ProUCL (5 frials )
n=4 T heshale e R b n=7 16, 36 54 0.72.1.1
(30 incr.) n=15 26 28 25 24 24

n=30 16, 1.4 1.1, 1.5 1.5

Grand mean concentration: 0.94 mg/kg
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lllustration of systematic
random sampling method
used for collecting multi-
increment samples from
entire area at FP Mark.
An increment was 10x 10 m \\
collected at each Area
arrowhead. Sampled

[Previously
Results (90 x 120 m): )
NG Concentration (mg/kg)

0.49, 0.70, 0.62, 0.43, 0.73

50-Increment X =059 4013 95% UCL—0.73

0.58, 0.76, 0.59, 0.40, 0.46

200-Increment X=056+0.14 95% UCL— 0.71

Questions and Discussion
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Fully Exploiting the Potential of Field Measurements: XRF
Example

Deana Crumbling
USEPA

1200 Pemnsylvania Ave.
Washington, DC 20460
703-603-9003

crumbling deana@epa.gov

ABSTRACT

There 15 a wide variety of field mstnunentation that can provide real-time pollutant data to
support real-time decision-making for contanunated site cleanup. Most regulators and
practitioners are aware that these tools are available. However, regulatory acceptance of their
results can be difficult to obtain. Field portable X-ray fluorescence (XBEF) mstrumentation is
now commonly used for many applications within the environmental mdustry. But XEF 15
seldom applied to its fullest potential. This presentation will review a spring 2008 XRF project.
This project used a dynanuc strategy that emploved decision trees and pre-programmed
spreadsheets to manage data uncertamiy to the degree needed to make confident decisions.

NEMC 2008
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Fully Exploiting the
Potential of Field
Measurements: an XRF

Triad Project

Deana Crumbling, EPA/OSRTI/TIFSD
crumbling.deana@epa.gov 703-603-0643
NEMC Conference Aug 12, 2008
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What is the Triad
Approach?

» A technical framework of best
practices for cleaning up
contaminated sites

e Goals:

— Reduce project lifecycle time & costs

— Increase transparency & scientific
confidence in project decisions

 This talk's focus:

— Exploit real-time tools to control
aspects of data quality that are
typically unaddressed
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Factors that Complicate
Data Quality for Soils
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Contaminants Bind Best to
Smaller Soll Particles: Causes
Within-Sample Variability

Soil Grain Size Fractions Concgnt’:ration
(from largest to smallest) | in Fraction
(ppm)
Greater than 3/8” 10
Between 3/8” & 4-mesh 50
Between 4- & 10-mesh 108
Between 10- & 50-mesh 165
Between 50- & 200-mesh 836
Less than 200-mesh 1,970
Bulk Average 927

Concentration

Firing range data, adapted from ITRC (2003)
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Interaction between
Concentration & Sample Mass

Low Concentration

Largest
L . & Mid-sized
0 ] Smallest
L Consequence
EI“/ | O
High Concentration l l
o H o
a2 b e s Regulatory
oo G | -D-“'" Assumption
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Relationship of Subsample
Mass to Data Uncertainty

True sample mean known to be 1920 ppb

Subsample How many
Range of
mass subsamples to
results for 20
taken from a : average to get a
. replicate .
large partially result w/in 25% of
. subsamples
homogenized (ppb) true sample mean?
soil sample PP [1440 - 2400 ppb]
19 1010 - 8000 39

20 individual subsamples analyzed & averaged
to get sample result

Adapted from DOE (1978 ) americium-241 study

19
e ———

T,

————

1440 1920 2400
M
100 g :
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Sample heterogeneity creates
data uncertainty, not because of
the analytical method, but
because of sample handling

This is why the definition of “definitive
data” in the “DQQOs for Superfund”
1993 guidance (p. 43) includes:

“For the data to be definitive,
either analytical or total
measurement error
[variability] must be
determined.”
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How Can This Be Done
Cost-Effectively?

Real-time, inexpensive analytics
with good QC & a well-planned
dynamic, adaptive sampling
design




NEMC 2008

XRF project illustrates control
of data error in real-time

XRF Pb data from bagged soil samples
(~300 gram)

Plastic
bag of
so_il

168




NEMC 2008

Decision Goals

e Determine mean (95% UCL) for
exposure unit (entire yard)

e [ ocation of high Pb in yard helps
Indicate Pb source, so...

Data Collection Design

e A vyard is divided into 3 sections
» Front
» Side
» Back

e Section 2 5 subsections

» 1 grab soil sample (~300 g) per
subsection into a plastic bag (i.e., 5
samples per yard section)

10
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lllustrative Sampling Design & Results
Action Level (entire yard) = 500 ppm

_ _ 1 bagged
Side Yard: 5 Samples grab sample

702

House Footprint

Front Yard: 5 Samples
sajdwes ¢ :pi1e) yoeqg

Area fx =0.15

Front yard average (at 95% statistical
confidence) = 700 +/-150 (550 — 850 ppm Pb)

Side yard average = 500 +/-100 (400 — 600 ppm)
Back yard average = 300 +/-50 (250 — 350 ppm)

Area-weighted total yard average determined
statistically as 410 +/- 25 (385 — 435 ppm Pb)
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XRF Bag Analysis

4 30-sec XRF readings on bag
— (2 on front & 2 on back)

Results entered real-time into pre-
programmed spreadsheet

Spreadsheet immediately
calculates average & statistical
uncertainty for

— each bag
— each yard section, and
— the entire yard.

Determine & control the largest
source of data variability IF it
Interferes w/ confident decisions

12
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Decision Tree

Evaluate statistical results for the yard &
compare to the 500 ppm Action Level (AL)

/ \

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

Decision too uncertain:
more information needed

200 +/- 50 700 +/- 150
(150 — 250) (550 — 830)
l ]
Confident that no 300 +/- 100 Confident that
action needed (150 - 520) action is required

Go to next data eval step
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i _ Run  Instrmnt Instrmnt
ff e "38 | . Reading| _.
Bagged Repicae  Time No Time = Result Error | Flag?
Readings " (sec) (ppmPb) | (as2SD)
Front-Bag 1
Bag reading 1 = 1636 75 30
2 1637 76 30
3 1639 77 30 66
4 1641 73 30 63
F1 subsection Mean Mean & SD
area= 80 sqft SD of 4 shots
Front-Bag 2
F2 subsection Mean Mean & SD
area= 80 sqft SD of 4 shots
Front-Bag 3
F3 subsection Mean 800
area= 80 sqft SD 96
Front-Bag 4
F4 subsection Mean 789
area= 80 sqft SD 69
Front-Bag 5
F5 subsection Mean
area= 80 sqft SD
0
F Section Section Mean = | 762 ng;??snmfrii V:_':egai’ﬁ
Section SD= | 190 ,
Section 95%LCL = | 526 | Petween 526 — 998
Section 95%UCL = | 998 | Is that good enough?
Micro-scale | Average within-bag SD = 92
Short-scale Between-bag SD = 190
Within-bag SD > 1.5 x between-bag SD? no
Within-bag SD < 0.5 x between-bag SD?  vyes

If need to reduce data uncertainty, 2 options:

increase # shots/bag of

increase # bags!seotionl
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Progressive Data Uncertainty
Mgt for Exposure Area

0
Unit Value cv + (@ 95%
(ppm) confidence)
1 XRF Reading, from a 0.041 62
Front yard (FY) bag 750 | xRrF
(instrument-reported error) only | (688 —812)
1 Bag sample (4 XRF 789 0.087 109
readings on same bag) el | (680 — 898)
Immature CSM. FY section 771 0.30 167
(10 bag samples) ho | (604 — 938)
Mature CSM FY section 900 0.012 97
(7 bag samples) CSM | | (803 — 997)
Combine w/ Side & Back 0.49 37
sections = mature CSM, 199 +|0n|9- (162 — 236)
entire yard (area-wt'd) et | stratification
(26 samples) yard | & th— |[Cl
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< _
- Questions ;\
. -

/7
%/’

Deana M. Crumbling, M.S.

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

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

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

www triadcentral.org
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Continuous Profiling of Subsurface Pollutants

Michelle Lee, Thomas Considine and Albert Robbat Jr.; Tufts University, Chemistry
Department, Center for Field Analytical Studies and Technology, Medford, Massachusetts,
02155; 617-627-3474; arobbat@tufts edu

ABSTRACT

Two sensing technologies have been developed for the rapid in sifu profiling and speciation of
subsurface pollutants at hazardous waste sites. The first technology 1s comprised of a thermal
extraction cone penetrometer (TECP) attached to a heated transfer line (HTL) and coupled to a
photolcmzation detector (PID) and gas chromatograph/mass spectrometer (GC/MS). The TECP
was able to efficiently extract semi-volatile organics (SVOC’s) at rates between 70-90% when
soil temperatures reached 300°C and soil moisture content was <-15%. If the moisture content
should exceed 15% then a membrane inlet probe (WIP) can be used i place of the TECP.
Although extraction efficiencies are decreased due to the temperature limitation of the membrane,
the MIP can be used to profile soil-to-water or water-to-sediment interfaces mn a contmmnm at
depths of up to 28m. Soil analysis using the TECP or the MIP does not requure the soil to be
brought to the subsurface or mto a collection chamber, a requirement when using traditional CP
sample collectors. The agreement between PID signal levels and GC/MS results for total PAH
was remarkable. Correlation coefficients of 0.92 and 0.99 were obtained between the PID and
field GC/MS data for discrete and composite samples, respectively. In addition, no false
positives or false negatives were found. The design of a new online freeze-trap enabled volatile
organic compounds to be recovered from contaminated soil at an average rate of 90%. Analysis
rates as fast as five minutes were used to extract volatile organic compounds (VOC's) and PAH
simmltaneously from the soil a marked contrast to the nmch longer methods used by comumercial
laboratories for the separate analysis of these compounds. Owverall the effectiveness of
conceptual site models (CSM) will be greatly improved smce the PID can be depended upon to
provide the exact location of pollutants mn “real-tune” while the GC/MS can be used to
accurately determine what confaminants are present and their relative amounts.

INTRODUCTION

It has been estimated by the U5, Environmental Protection Agency (EPA) that from now until
2033, the number of hazardous waste sites mn need of cleanup will reach approximately 294,000
m the United States alone (7). This figure of 204,000 only represents sites requiring cleanup and
does not mnclude sites where remediation 15 currently ongoing, a process that can take vears or
even decades. Sites grouped under the Superfund program, the Resource Conservation and
Recovery Act, and those that confam underground storage tanks account for 736, 3,800, and
125,000 sites, respectively. The largest market segment, 150,000 sites, 1s under the control of
mdrvidual states and includes those m state mandated programs, vohmtary cleanup programs and
Brownfield programs. Owerall, the total cost for cleanup of all 294 000 sites 1s predicted to range
from $170-5250 billion.

Our goal 15 to accelerate the site investigation process and, at the same time, reduce the overall
cost of cleanup by developing CSM's that are information rich in geology, hydrelogy and

NEMC 2008 1

176




NEMC 2008

chemucal data. Toward this end, we contimue to advance dynamic sife investigations, consistent
with EPA’s TRIAD process, and have developed two different probes capable of extracting
organic pollutants from subsurface soil and groundwater. The TECP probe incorporates a
flexible, 280 °C, HTL and a 400°C sampling probe. Studies have shown that for SVOC s,
extraction efficiencies of 70-20% are achievable with the direct mlet probe because soil
temperatures can reach 300 i (2, 3.4). However, the TECP cannot be used when moisture
content exceeds 15% as the wall coating within the HTL becomes deactivated.

To overcome this problem a second probe was developed whereby the HTL 1s combined with
the MIP and coupled with a PID and GCO/MS. The Teflon membrane facilitates the transport of
organics while excluding water from entermg the membrane and damaging the HTL. In contrast
to the TECP, soil only reaches 120 °C with the membrane inlet probe and much lower extraction
efficiencies are obtamed. Data will be presented from a coal tar site in which PAHs are profiled
continucusly by PID as the probe is advanced into the subsurface. PID response is compared
against GC/MS results at the same exact location, with the overall correlation coefficient = (.92
(5.56). When the HTL 1s connected directly to an online freeze trap in series with the GC column,
correlation coefficients merease. Results showed that low molecular weight, low botling
organics such as benzene, naphthalene and their allcylated analogs were nmch more efficiently
captured that what was obtamable using the external freeze-trap.

EXPERIMENTAL

Our probes are connected on one end to a 300 °C flexible, HTL and, on the other end. to a heated
si-port valve as illustrated in Figure 1. As the probe is advanced into the subsurface ata
velocity of 0.75 fi/s, organic vapors are swept from the collection port through the transfer line
mto a valve that 1s connected to a PID for rapid subsurface profiling (flow path 2). When the
valve is switched from the PID to an external freeze-trap (flow path 1), organics are trapped
mside an empty glass sleeve, which 1s brought to a thermal desorption (1D} GC/MS instrument
for on-site analysis.

Ion Signature Technology (North Smithfield, RT) quantitative deconvolution data analysis
software was nsed to analyze all the data generated in Tables 1-4. Deconvolution refers to data
analvsis software that uses powerful mathematical algorithms to extract component spectra from
the sample matrix spectrum or mstrument noise. Good deconvolrtion algorithms are able to
handle the accunmlative ion signals that occur at a given scan at a specific m'z value when
compounds coelute 78,9, 10, 11). Thus, unambiguous compound identification did not pose a
problem, even for muns as fast as five minutes with highly complex matrices.

RESULTS AND DISCUSSION

The TECP was field tested at a former manufactured gas plant (MGP) site by pushing it 10m into
the ground and conducting a senies of analyses on different soil samples. The results for one
sample are displayed in Table 1where the soil was solvent-, TD-, and TECP extracted. All the
priority PAH identified by the EPA were successfully extracted using the TECP with %o
recoveries as high as 86% for fluoranthene. The average % recovery obtained using the TECP
was 59%. The same soil sample was analyzed in a closed cell TD system where there is no loss
of organics to the environment during heating. As can be seen, the results between the TECP
and TD were i remarkable agreement with the average % recovery obtamed using TD equal to

NEMC 2008 2
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60%. The average TECP vs. TD relative percent difference (EPD)) for all PAH m the sample
was only 8%, with only one above 21%. This is well within EPA™S criteria for accuracy which
states that when measured concentration levels are =5 times the quantitation limit (QL), RPD
=G0%, and when =3 times the QL, EPD <100%. These results are made all the more impressive
considering the fact that the moisture content in the soil sample was 16%.

Similar to the TECP, the HTL-MIP was also field tested at a different MGP site. The below
surface sample depths for two Borings, ther correspondmg PID values, and the total PAH values
as measured m the field and by off-site laboratories are shown in Table 2. Prior to each new
boring, the probe was pushed ~0.2 m. below surface and the PID signal recorded and used as the
baseline. This value was then subtracted from each subsequent PID reading when the probe was
contimuously advanced into the subsurface. The absence of organics at specific depths is
mdicated by the negative values shown for Bormg 1. In contrast. the magnitude of the adjusted
positrve values indicates the presence and relative amounts of PAH at specific locations. A total
of 29 discrete samyples from five different Borings were analyzed and a correlation coefficient of
0.92 was obtamned between the PID and field GC/MS data. This correlation coefficient increased
to a remarkable 0.89 for field GC/MS and 0.97 for laboratory GC/MS when the PID response
was compared agamst the eight samples where laboratory data was available. Importantly, no
false positives (positive PID signal with no PAH detected by GC/MS) or false negatives
{negative PID signal with PAH detected by GC/MS) were produced.

The results for MIP and methylene chloride extracted coal tar samples are shown in Table 3.

The three samples tested contaimed 5%, 10% and 100% coal tar. In contrast to the 60-min
laboratory analysis time required for forensic environmental analyses, a nmch faster 12-nun
analysis was used for field analyses. The overall precision (% R‘SD) was 46%, with PAH at 44%
and 1I1f'. lated PAH at 49%._ These results were within the 50% benchmarlk set by the EPA for
comparizon of soil samples. Comparing the average EPD between the MIP and solvent
extracted samples resulted in values of 133, 135, and 147%, respectively. It can be seen that
there was an mverse relationship between PAH concentration and measurement accuracy. The
average MIP % recovery was 20 = 13% for the 5% and 10% coal tar samples only. These resulis
can be attributed to limitations in the applied membrane temperature of 130°C and the 5-min
collection time.

Lastly, Table 4 displavs the results when the HTL-MIP was connected to an omline fregze-trap
cooled to 45°C and a GC/MS in a new sample cell design to rapidly detect and quantify VOCs
m contaminated soils. This closed system ensured the maxinmm recovery of any organic vapors
trapped and mportantly, minimized the posstbility of contaminants entering the svstem and
bemg detected by the GC/MS. To match sample collection and analysis speeds, a 5-min GC/MS
analysis was performed usmg the Inn ’Siguamre deconvolution algorithms to quantify target
-::Gmpmmds The average precision, %o RPD, for the probe extracted samples was 36%, well
within EPA’s criteria for precision. Percent recoveries ranged from 22% to 266% with the
average percent recovery value an impressive 90%. A reason for the percent recoveries
exceeding 100% could be due to the much colder freeze-trap femperature of -45°C coupled with
the collection time of 5 min. Thus, the organics preconcentrate for too long within the freeze-
trap and the results are percent recoveries =100%. Further studies will have to be done to
determine the optimum collection time. The average EPD for all compounds was 44% and tlis
decreased to 34% when the alkylated naphthalenes were excluded. Again, these values are well
within the EPA criteria for accuracy. Importantly, the online freeze-trap will result in an
merease in correlation coefficients between PID signals and GC/MS results since the PID

NEMC 2008 2

178




NEMC 2008

response 1s representative of the amount of contaminants contamed in the subsurface, which
mcludes both VOC's and SVOC’s.

CONCLUSION

Combining the HTL-TECP/WMIP, PID, and GC/MS served to maximize the efficiency of the site
mvestigation process for a number of reasons. Firstly, the reliability and dependability of the
PID ensured that that the site investigation will be completed in one visit as all of the
confirmation samples selected will contamn PAH concentrations. Secondly, no re-mobilization
results in reductions in equipment and labor expenses and elinunates time wasted in seffing up
and re-calibrating the analytical instrumentation for sample collection. Thirdly, the technology
described here, does not require any dilution of samples prior to analysis resulting in a more
comprehensive and accurate site evaluation. Importantly, probe collected samples are ready for
analysis, which 1s a marked time-savings over solvent extraction.

The heated transfer line, the TECP/MIP, and detectors proved to be mgged and ready for field
use. Depending on the conditions encountered at the site, the TECP can be used when moisture
content within the subsurface <15% and switched over to the MIP when moisture content =15%.
Percent recoveries using the MIP were not as lugh as those obtamed with the TECP due to the
temperature limitations associated with the Teflon membrane. An advantage, however, is that
the MIP can be used to profile soil-to-water or water-to-sediment mterfaces m a contimmm with
PAH and their alkyvlated analogs being extracted at depths of up to 28m. The HTL., when
mamtained at a constant 280°C, displayed little or no signs of carryover. The PID was shown to
be an excellent profiling tool and provided continuous evidence as to PAH presence/absence that
resulted in the identification of soil channels containing coal tar from source material

Combining the PID with the GC/MS can provide the detail necessary for development of
effective CSM's to lead investigators into driving the TECP/MIP mto dense nonaqueous phase
Liquid plumes. This task can prove to be an incredibly difficult proposttion using current
technologies. Field and laboratory data were shown to be statistically equivalent with analysis
rates as fast as five minutes able to capture VOC s and SVOC’s sinmltaneously. Off-site
laboratories typically use separate methods to analysis VOCs and SVOC's thereby adding to the
overall cost of the site investigation in addition to longer turnaround times. The combination of
data from direct sensing, in situ, and traditionally collected samples should enable a more
accurate assessment of the risk posed to human health and the environment when assessing land
usage proposals.
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Figure 1. Collection and analysis of soil samples using the TECP/MIP.

FowPath | FowPath2 L hermal Extraction Cone Penetrometer (TECP)
. i ﬂ_ Membrane Interface Probe (MIP)
- 1-

Former Manufactured Gas Plant Site
— Vermont and North Carolina
Sample Collection
— Same exact location
— Dhscrete samples
— Vadose and saturated
* Flow Path 2
— Contumons monitoring of organics
* photoionization detector (PID)
* Flow Path 1
— Freeze-trap organics
* GOMS
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Table 1. PAH recoveries firom coal tar contaminated site.

Solvent TD {closed cell) TECP RPFD
PAHs ppm | ppm | %6 Recov,Rmax | ppm | % Recov,R | 100(RuarR)0.5(ReatR)

Maphthalene 1267 | 500 3 406 i |
Acenaphtviens 351 48 il 4 64 10
Acenaphthene 27 27 n 230 bl -1
Fhiorens H1 3T 7 37 5 10
Phenanthrene 843 652 75 637 i '
Anthracens 866 653 73 618 il 3
Fhioranthene 567 507 80 433 6 4
Prrens W07 | 8 9 840 I 5
Chrysens 536 i 0 340 5 7
Benzo(ajanthracen: 535 imn 0 360 7 3
Benzo(b&kforanthens | 284 132 47 152 54 -14
Benzo(ajpyrene 27 42 5 262 61 -3
Indena(1,2 3-cd)pyrene 186 34 30 3 3 -12
Dibenz{a hjanthracene 187 57 W 5 35 -13
Benzo(z b {iperylene 132 2 2 ] 2 4

MNotes: 1) Soil Moisture Content = 16%.
2) Temperature of Probe = 430°C.
3) Temperature of Soil = 300°C.
4) Linear velocity of carrier gas (nitrogen) through the HTL = 1.8 m's.
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Table 2. MIF GC/MS vs PID and Lab GC/MS for Total PAH, mg/'kg

Field Lah Field vs.
Location | Depth, fit PID (% RSD) || (% RPD) | Depih, ft Lab. % Rec.
2 -58.383
26 -38.847
il -38.847
36 -38.847
Boring 1 -FI-.J'_ -19.311
53 -19.311
5.35 136,077 3 190 4to05 2
025 234,657 8 112 Bto @ 7
15.1 250,530 70 1.010 15t0 16 7
17.4 1.973 362 0a
435 14,054,640 1.303
4 85 15,715,202 2074
Ave, n=2 | 14,884,921 1,688 28,780 4to5 &
535 7.588.217 224
& 3.074.054 448
845 5,634,616 361
. 0.05 4462 454 427
Boring4 | 1005 | 5712760 | 246
11.05 2,626,068 117
1205 4 247 558 178
Ave n=15 | 453669] 26645 || L494(2) 84t0l2 18
1305 2,626,068 141
1415 2,665,140 120
1485 516,178 101
Ave n=3 {935,795 124 (17} 268 (6) 13t0 149 48

MNotes: 1) NA, samples not analvzed.

2) % BSD), precision is based on the average of discrete samples measured over the

distance specified.

3) % RPD, precision is based on the analysis of blind duplicates sent to lab (n=2).

4)% Bec, accuracy = (Tield/Tab) * 100.
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Table 3. MIP (Field), Methylene Chloride (Lab) Extracted Coal Tar Samples, mg/kg.

Soil 1 (5% coal tar) Soil 2 (10% coal tar) Seil 3 (100% coal tar)
Field (n =3) % Field (n=3) % Field(n=13) %

Compound: Lab Ave. (% RSD) | Ree. | RPD | Lab Ave.(%RSD) | Rec. | RED Lab Ave.(%RSD) | Rec. | RPD
Maphthalens 297 45 (8) 15 147 274 TI(5T) 23 112 27,055 7.661 (21) 28 112

Ithyl 57 20(30) 35 97 83 11 (45) 13 153 4440 4. ] 10 164
Acenaphthena 32 13 (79) 41 86 iz B4l 1 130 1,264 152 (18) 12 157
Fluorens 94 4271 43 76 118 2627 n 138 354z 322015 g 170
Phenanthrens 252 T0(58) 23 113 339 67 (44) 20 134 8236 301043 5 182
Anthracens 75 13(73) 17 141 B0 16 148 2,525 92 (36) 4 138
Fluoranthans &2 3(78) 5 184 03 7 174 2,361 33034 2 191
Fyrens 150 3601 2 153 192 4 154 3484 62 (30) 2 183
Total non-alkylated PAH 1,019 20037 20 132 1227 18 140 33307 017035 17 141
C,-naphthalenes 375 113 (3 30 107 715 236 (45) 33 101 24,122 8,384 (25) 35 47
C;-naphthalenes 623 148 (54) 24 123 882 175 (45) 20 134 15,215 2,004 (28) 13 153
C,-fluoranes 105 43 (B0) 43 80 152 3435 n 127 5,687 255 (38) 4 153
Cr-fluranes 35 404 11 159 62 12(41) 1% 135 2,202 93 (38) 4 134
Cy-phenanthrenes 301 22(37 7 173 408 43 (34 10 162 15,692 355 (64) 2 181
C,-phenanthrenes 65 0.4(95) 1 198 71 § (39) 1| 15 6.262 103 (76) 2 194
Cy-fluoranthenss 168 ND 254 2 (56) 1 157 11,865 38 (3% 0.3 189
Toral alkylared PAH 1.672 333371 20 134 2,545 1042 20 133 41,043 11,230 (300 14 13l
Total PAH 2,001 34237) 0 133 TIT 1) 19 135 134,352 20,400 42 15 147

Notes: 1) MIP operating conditions: flow rate = 36 mL/min, probe = 130°C, collection time = 5 min, freeze-trap=-18°C
2) % Rec, recovery = (FieldLab * 100).
3) RPD. accuracy = 100 ((Lab-Field)/0.5(lab + field)).
4) ND, non-detect.
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Table 4. MIP (Probe), Methylene Chloride (Lab) Extracted Fuel Oil Samples, mg/kg.

Fuel 0il Contaminated Soil Samples

Compounds Lah (% R5D) Prohe (% RPD) % Rec. EPD
Benzene 14 (41) 13(73) 93 7
Toluens 35T (19) 251 (T) 70 35
Ethylbenzene
& mp-xylens 1,295 {20} 2,143 {16} 154 -42
& o-xylene
Lopropylbenzene 112 (18) a7 {23) a7 14
n-Propylbenzens 389 (17) 488 (23) 130 -28
1-hlethyl-3-Ethylbenzens 1,043 (21) 2777 (23 266 -a1
1.2 4-Trimethylbenzens 2,237 (19 2,456 (23) 109 -G
tert-Butylbenzens 318 (158) 543 (25) 171 -52
n-Butylbenzens TEOD (13) 812 (27) 107 -7
Idethyl-4-n-PropyTh -
& 1Moty S Bopybensene | 152019 1,446 (25) 93 7
}k’l E%‘fﬂ’i“lﬂ}gﬁiﬂiﬁm 1,864 (12) 1,598 (24) 86 15
1.2-Dimethyl-3-Ethylbenzens 885 (10) 723 (22) 82 20
1.2.4 5-Tetramethylbenzens 1,381 (17) 1,219 {34) a8 12
n-Pentylbenzene 1,843 (12) 1,651 (28) a0 11
Naphthalene 859 (34) 1,003 {44) 117 -15
1.3,5-Triethylbenzene 741 (29) 5BE (48) 75 4
Biphemyl JIT0031) 264 (51) 71 33
Acemaphthylene 106 (4) 54 {59) 51 G5
Acepaphthens 182 (4) 74 {53) 41 B4
Dibenzothiophens 54 (2} 17 (2) 31 104
C1-nmaphthalenes 3,158 (1) 1,155 {49) 3T a3
C2-maphthalenes 5,828 (1) 2971 (49) 50 G&
C3-naphthalenes 3,763 (0) 1.446 (55) 38 89
C4-npaphthalenes 1,883 (7) 441 (77) 22 127

Notes: 1) MIP operating conditions: flow rate = & mL/min probe = 130°C, collection time
= 5 min, freeze-trap =-45°C.
% RSD, precision is based on the average of three different samples.

% Rec, recovery = (ProbeLab * 100).
EPD, accuracy = 100 {{Lab-Probe)D.5(1ab + Probe)).

2)
3) % BEPD, precision is based on the analysis of two different samples.
4)
5)
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Site Investigation and Cleanup @

» Expensive and time-consuming!

« Small and large sites need the same systematic planning,
adaptive sampling and analysis program as well as scientific,
and engineering assessment.

 Data volume must increase to make determinations related to
contaminant location, its components, and migration

pathways.
10

Relative concentration

What is Decision Uncertainty? @

How does sampling and analysis
uncertainty influence decision
uncertainty?

+ How Many Soil Borings?
+ How Many Wells?

+ Where Do | Put Them?
+ At What Depth Do | Collect Samples?

* What Role Does Soil Heterogeneity
Play in the Sample Collection,
Analysis and Decision Making
Process?

The Solution: Continuous rapid
profiling of the subsurface
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The Analytical Challenge @

Speed

- time

- cost (labor + capital)
safety

as method
improvements
are made to one
vertex (T), attributes of
ne Or more remaining vertice
typically become poorer (wl')

Selectivity Sensitivity
- specificity - instrument noise
- precision - chemical noise

- accuracy
- robustness
- bias

Ion Signature Technology Deconvolution Software for Mass Spectrometry

Liquid Extracted Coal Tar @

Meodified EPA Method SW-846, 8270C

Forensic and Fast GC/MS Analyses, mg/kg

Soil 1 (5% Coal Tar) | Soil 2 (10% Coal Tar) Soil 3 (100% Coal Tar)
12-m 12-m 12-m (%
Ci it 60-m | (*RSD) | RPD| 60-m | (*»RSD) | RPD | 60-m RSD) REPD
Naphthalens 27 304 (100 -2 o 266 (5) 3 |y 16,347 (20) EL)
Acenaphthylene 57 9@ | 4] = 101(5) | -20 | 4440 | 3626015 n
Acenaphthene 2 | 420n | -] s 45(6) | -17 | 264 | La19(29) | -25
Fluorene S |23 | 27| s | 14108 | <18 | a2 | s261(22) | -29
Phenarthrene 252 | 2080 | 19 | 339 | 470 | 3 | 8236 | 69 20) n
Anthracens 75 a4y | 21 80 | 73Q4) | 9 | 2525 | 2985(24) | 17
Fhuoranthene 62 40(17) | 43 | 103 | 43(0) | -32 | 2361 | 3758(26) | 46
Pyrene 150 137(13) 9 192 156(3) | 2 3484 | 4912(28) M
Benzo[a]anthracens 2 16(16) | 32 3 19018) | 48 | 1,253 [ 758(33) 49
Cheysene 53 sa(ie) | 2 4 | ao(in) | -0 | 2719 | 3109(37) | -13
Benzo[b] fluoranthene a6 s | -20] 5 M) | 37 | 1398 | LITI(SS) | M4
Benzo[k] fluoranthene 12 1) 8 15 13(16) | 14 | 638 621 {55) 3
EBenzo[a|pyrene 43 44.(4) 2 53 61(15) | <14 | 1749 | L719(54) 2
Indenc[1,2,3-cd]pyrene | 14 7@ | -9 @ | a3 | 7| 525 | 453(52) 15
Dnbenz{ahlanthracene 1 2(6) -50 3 4017 -5 146 169 (47) -15
Benzo| ghalperylene [ RN ES BN ETDEA E TR £
Cy-naphthalenes 315 | 363(8) | 3 | NS | 403(5) | s6 | 24022 ) 12051014) | 6
Cy-naphthalenes 623 | sg201) | 7 | s82 |esi(in) | 26 |15215| 14059(28) | 8
Cy-Buorenes 05 | 22009 | -1 | 152 | 26609 | -54 | 5687 | 11,313(39) | 66
Cy-Auarenes 35 S8(15) | 50| 62 | 72(19) | -15 | 2202 | 3363(38) | 42
Cy-phenanthrenes 01 | 28407 | 6 | 409 | 3e4(s) | 12 | 15692 | 15218 (30 3
Cy-phenanthrenss (] 134 (18) | -6% T 162(16) [ -78 | 6,262 | 11,341 (35) -58
Cy-Auaranthenes 168 | 256017 | 42| 254 | 30408 [ 18 Jugas| 1gangn | a2
— — e
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Thermal Extraction Cone Penetrometer (TECP)

Sample Collection
— Exact location
— Discrete samples
— Vadose and saturated zones

Flow Path 2
— Continuous monitoring of organics

* Photoionization detector (PID)

Flow Path 1
— Freeze-trap organics

« GC/MS

Membrane Interface Probe (MIP)

TECP vs Closed System: Thermal Desorption GC/MS @

Flow Path 1 Flow Path 2

TECP

Toane = 3007€; Re,= 6,

(T = 4507€; Ly, = 280°C;

J000;

o=12ms;V, =30 Lid=15;

Closed Cell
(Gt = 300°C; T e =
300 Re,, = 5,700;
w, =0.6m's; V,=32;

backyard soil) backyard soil)

50- | 25- | 15- | 5 |Ave | %

ppm | ppm | ppm | ppm | Rec | RSD 15 ppm Yo Dift
naphthalene 52 | 69 | 58 | 45 | 56 | 18 65 14
acenaphthylene 583 [ 60| 65 | 50 | 57 | 12 63 10
acenaphthene 48 | 76 | 80 | 7T | TO | 21 78 10
fluorene 60 | 52 70 | 59 | 60 | 12 75 20
phenanthrene 76 | 65 | 67 | 70 | TO 7 83 16
anthracene 65 60 | 59 62 62 4 78 21
Tluoranthe ne 65 70 | 68 57 | 65 9 80 19
pyrene 64 TS| 70| TR | T2 8 83 13
benzo(a)anthracene 65 53 62 51 58 | 12 67 14
chrysene 47 | 57T | 41 61 52| 18 61 16
benzo(b)fluoranthe ne 49 47 49 43 47 6 55 15
benzo({k)fluoranthe ne 40 48 56 44 47 15 54 13
benzo(a)pyrene 52 | 51 63 [ 51 | 54 | 11 65 17
indeno(1.2 3-cd)pyrene 3 |26 | 27 |30 |29 | 11 37 22
dibenz(a,b) anthracene 32 25 30 29 29 10 37 22
benzo(g,h,i)perylene 17 21 23 20 20 12 23 12

Note: % difference is between the average TECP recovery and closed chamber recovery
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PAH Recovery from Coal Tar Contaminated Site @

(wet = 16%; =13 min; Tprobe = 450°C; Tson = 300°C; Rem = 6000; wg = 1.8 m/sec)

Soxhlet TD (closed cell) TECP RPD I
PAHs ppm ppm | % Recov, Rmax ppm % Recov, R | 100(R - RYVOS(R ot R)
Naphthalene 1267 500 39 406 32 21
Acenaphthylkene 351 248 71 224 64 10
Acenaphthene 27 27 77 230 77 -1
Fluorene 441 37 72 =7 65 10
Phenanthrene 865 652 75 657 76 -1
Anthracene 866 653 75 618 7 5
Fluoranthene 567 507 a9 488 86 4
Pyrene 1070 882 82 B840 78 5
Chrysene 536 374 70 39 65 7
Benzo({a)anthracene 535 372 70 360 67 3
Benzo(b&k)fluoranthene =4 132 47 152 ho ] =14
Benzo(a)pyrene 427 242 57 262 61 -8
Indeno(1.2,3-cd jpyrene 186 56 30 63 3 -12
Dibenz(a,hanthracene 187 57 30 65 35 -13
Benzo(g.h. perylene 132 20 22 28 21 4

GC/MS Analysis of Sample Collected by TECP @

2.0E+6

1.SE+6 Total lon Chromatogram

1L.OE+6

Abundance

0.0E+0
10

N

| 108y

D.0E+D

0.2E+6

O4E+6

0.6E+6

Abundance

Reconstructed lon Chromatogram
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TECP-MIP GC/MS vs PID and Lab GC/MS for Total PAH, mg/kg @

Field Lah Field vs Lah,
Lacation | Depth,ft | PID | (RSD) | (% RPD) | Depth, fi % Rec.
21 38,847
41 -19311
53 19,311
Boringl | 535 | 136977 3 190 4105 2
925 | 234657 8 12 209 7
151 [1205% [ 70 1010 | 15016 7

174 1,973,362 9%

435 14054640 | 1,303
435 15,715,202 2074
Ave,n=2 | 14834921 | 1,688 (32) 28,789 4105 [

335 7,588,217 224
6 3974054 448

245 3,634,616 361
905 4,462,454 a7

naine s 1005 |[5712760 | 246
105 |2626068 | 117
1205 |4247558 | 17

Aven=3 | 43360691 | 266(¢5) | 1,494(3) | 84012 18

1305 | 2626068 | 141
1415 | 2665140 | 120
1485 | 516178 101
Aven=3 11935795 | J24(i7) || 263(6) [ 1310149 %

Correlation coefficients between PID and field/lab G C/MS data:

1) Discrete samples: 0.92, field, n=29.
1) Composite samples: 099, field, n=8§
097, lab, n=8

Benefits of lon Signature Deconvolution Software @

Field GC/MS 400 E47

+ Full scan . TIC |
+ 12-min PAH and alkylated PAH ~ E3%E&7 Il

+  No sample preparation R

* Quantitative deconvolution z

« Productivity gain, 5x L0 E+T
« Data review gain, 35x

+ No false positives/negatives . -
Lab GC/MS g o
« Full scan L0
— 60-min EPA method 8270 PAH and E
alkylated PAH S L8Ed RIC
— Misidentification
— Loss of analytes 2N 242
— Underestimate alkylated PAH
+ SIM Scan » 13 compounds extracted at
— Alkylated PAH overestimated 5.94-min
- Selecti\l‘e detection, no pOSi“VE ID . acenaphthy|ene' acenaphthene‘
— Overestimate alkylated PAH acenaphthene-d10, and

« 10 C-3 naphthalene isomers
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lon Signature Technologies éd
Internal Standard: Acenaphthene-d10
Mass spectrum buried In high concentration chemical noise
- v -
lon Signature :
single scan
5 Scan: 382 (5,935 min) x| L 60-min Calibration
AFE-Sac ke, Te Standards Analysis
e e 2 oee i m/z_Siz %R AR
o™ et S 164 29E5 100
w o e . 162 28E5 97
= s i 160 1.4E5 47
158 44E4 15
[ £3 »
lon Signature
14 scan average 4
gL 28 M
miz___%RAB 8 ) ‘
164 100 i |l il {-'I‘]?i?"'? [:1] :|||?I 18 l‘l
162 94 i 7 e T
160 42 -
158 14

After deconvolution, qualifier ions are normalized to the quant ion,
repetitive histograms show match at every scan across the peak

TECP-MIP (Field) Methylene Chloride (Lab) Extracted Coal Tar @

Samples, mg/kg
Seil 1 % coal tar) Soil 2 (10%ceal tar) Seil 3 (100% coal tar)
FIELD (n = 3) FIELD (5 = 3) FIELD (n = 3)
Compounds LAB | Ave.(% RSD) | %R | RPFD | LAB | Ave.(% RSD) | %R | RPD | LAB | Ave.(® RSD)| %R | RPFD
Naghthalens 27 458 15 147 | 278 TI(5T) ] 12 | 2088 7,661 (21) % 12
Acensphilylens s 0@ k1 97 23 11 (46) 13 153 | 440 4723 10 164
Acenaphthens 7] 1379 41 26 3 204D an 130 1,264 1520185 12 157
Fhaorens w4 2 45 76 118 63T n 1% L] nan 3 170
Phenarthsene 52 T0(36) ] 113 Ex) &7 (44 n 134 8236 391 (43) 3 182
Anthracens 75 1373 17 |14 | %0 1329 16 | 14 || 3,525 92(36) 4 126
Fluoranthene 62 37D 3 124 103 73D 7 174 2,361 53034 2 191
Pyrene 130 360 2 193 192 238 4 124 3484 62 (30 F 193
Totd non-diylated
PAH 1,019 20057 20 | a2 p2m | 2170 18 | 140 | 53307 | 817039 17 | 14
Cy-naphthalenes 375 1H3GD 30 107 | s 23645 E<] 100 | 24122 | 838429 k1] 97
Crnaphthalenes 63 149 (54) 4 |11 | = 175(45) 0 134 || 15215 2004(28) 13 153
Cy-fluorenes 105 45(30) 43 @ | 152 HEH n 177 | 587 25538 4 183
Crfluorenss 35 4(40) 1 13 62 12041 19 135 2202 93 (38) 4 184
Cy-phenanthrenes 3 Fries)] 7 173 49 40349 111} 162 15692 35864 2 191
Crpheasthrenes 65 0.4(95) 1 98 | T 239 1 19 | 6262 103(76) 2 194
Cy-fluoranthenes 1568 HD 254 2(36) 1 197 11,865 38 (3 03 199
Totd aiylated
PAH 1,672 333 (57) 20 | 13¢ 2545 | S0 20 | 13z | aroes | 1523650 14 | 151
Totd FAH 2,691 S42{57) 20 133 372 TIT 1) 19 135 || 134352 20408 (42) 15 147

% R, recovery = (Probe/Lab * 100).
RFD, accuracy = 100 ((Lab - Probe) / 0.5 {(Lab + Probe).
ND, non-detect.
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MIP (Probe), Methylene Chloride (Lab) Extracted Fuel Oil Samples, &

mg/kg
Fuel il Contaminated Soil Samples

Compounds Lab (*» RSD) Probe (*s EPD) *sRec. RFD
Benzene 14 (41) 13(73) a3 7
Toluens 357 (19) 251(1) 70 35
Ethylbenzene
& m,p-xylene 1,285 (20) 2,143(18) 154 42
& o-xylene
Isopropylbenzene 112(18) 87(23) 87 14
n-Propylbenzene /AT 468 (22) 130 -26
1-Methyl-3-Ethylbenzene 1043 (21) 2,777 (23) 266 g1
1,24-Tnmethyhbenzens 2,257 (18) 2456(23) 108 -8
tert-Butylbenzene 318(15) 543(25) m -52
n-Butylbenzene TEO(13) B12(27) 107 -7

1-Methyl-4-n-Propylbenzens

& 1-Methyl-3-n-Fropylbenzene V852(14) 1446 (25) 3 7

;’rﬁ’;fm’;:lﬁi{:yﬁ;?w 1,884 (12) 1588 (24) B 15
1,2-Dumethyl-3-Ethylbenzene B85 (10) 723(22) 82 20
1,2,4,5-Tetrarmethy lberczene 1,381 (17) 1,218 (34) 8a 12
n-Pentylbenzene 1,843 (12) 1,851 (28) a0 1"

Haphthalene 858 (34) 1,003 (44) 17 -15
1,3,5-Triethylbenzene 741 (29) 586 (48) ] 24
Biphenyl 370{31) 264 (51) 7 33
Acenaphthylene 106 (4) 54 (59) 51 B85
Acenaphthene 182 (4) 74 (53) a1 84
Dibenzothiophene 54(2) 17(2) 3N 104
C1-naphthalenes 3,158 (1) 1,155 (48) ar a3
C2-naphthalenes 5,928 (1) 2871 (48) 50 66
C3.maphthalenes 3,763 (0) 1,446 (55) e} 89
C4-naphthalenes 1,983 (1) 441(77) 22 127

Conclusions @

+ Combination of TECP-MIP to PID and GC/MS
maximizes efficiency of the site investigation process

» Reliable PID allows one visit for site investigation
— All confirmation samples will contain PAHs

* No re-mobilization
— Reduction in equipment and labor expenses
— Eliminates time wasted

* No sample preparation
* Rugged, ready for field use
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Polyvchlorinated Biphenyls (PCBs) and Obsolete US
Government Ships

Laura Casey

USEPA Office of Solid Waste
2733 5. Crystal Drrve
Arlington, VA 22202
703-308-8462
casey-laura@epa.gov

ABSTRACT

The presence of Polychlorinated Biphenyls (PCBs) is an ongoing issue for obsolete ships
designated for disposal as artificial reefs or by scrapping, particularly those ships built prior to
1978 phase-out of PCBs.

PCBs can be found in shipboard materials such as capacitors, hydraulic fluids, electrical cabling,
paints and coatings, msulation, mubber products and gaskets. PCB-containing materials may be
found throughout a ship and are not always eastly identifiable or readily accessible. The type,
amount, location and concentration of shipboard PCB-containing materials are highly variable.
PCB-containing materials are also likely to vary from ship to ship and even ships in the same
class can contain differing types. concentrations and amounts of PCB-containing materials.
While these matenials may be found thronghout a ship, several areas on ships may have an
mcreased likelihood of containing PCB-containing materials: areas or rooms subject to high heat
or fire situations such as boiler rooms, engme rooms, electrical/radio rooms, weapons storage
areas or areas with hyvdraulic equupment.

Sampling shipboard PCB-containing materials can present unigue challenges. Worldng
conditions onboard these ships are often far from ideal While collecting samples is not
techmcally difficult, it is destructive to equipment on the ship and can be physically demanding.
In addition to the risks of working on and around a water environment, all sampling and health
and safety equipment and supplies nwst be hand carried and it 15 nearly impossible to conduct a
shipboard sampling event without encountering less than ideal temperatures, limited or blocked
access to the ship or parts of the ship. no electricity, standing water, rotting or missing decks
and'or missing ladders. treads and/or rails.

INTRODUCTION

The US Government has approxmately 100 — 120 obsolete shups needing disposal. Disposal
options for these ships include scrapping, artificial reefing and the US Navy’s target practice
program “SINKEX"

A major 1ssue concerning the proper disposal of obsolete ships is the presence of PCBs either in
liquid form {electrical equupment, hvdraulic fluids) or non-liquid form (electrical cable, paint).
PCB-contaiming materials cannot be readily identified. Collecting and analyzing samples 1s one
path to determine regulatory status, alternately, the vessel owner can assume that slupboard

NEMC 2008 1
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matenials are regulated and dispose of them without testing. Collecting samples from an obsolete
ship presents a unique set of challenges often not encountered in environmental sampling
SCENarios.

PCBS AND OBSOLETE US GOVERNMENT SHIPS

The Ships

The US Government has approximately 100 — 120 obsolete ships needing disposal. Disposal
options for these ships mclude scrapping, artificial reefing and the US Navy's target practice
program “SINEEX".

The TS Maritime Administration (MAF AD) possesses the bulk of these siups as part of their
Mation Defense Reserve Fleets (NDET) or Ready Reserve Fleets (RRF). The NDEFs are located
m Beaumont, T3 Suisun Bay, CA and Fort Eunstis, VA The ships in the WDRF are non-
combatant ships such as tankers, troop transports, oilers and other support ships. The US Navy
and other Federal agencies transfer non-combatant ships to MARAD for disposal The US Navy
disposes of combatant vessels such as battleships, destrovers and aircraft carmers.

MMany of these ships were built between the 1940s and 19705 and are rapidly deteriorating.
MMany have exfoliating paint and musting and leaking hulls or tanks and have been stripped or
cannabilized of essential equipment and parts such as ganges and navigation and radio
equipment. None of the ships designated for disposal can operate or function under their own
power. Except for possibly the combatant ships, virtually none of these ships can or will be put
back into service.

PCBs m Shipboard Materials

Many of the ships built between the 1940s and 1970z were constructed using materials
containing regulated levels of PCBs (= 30 ppm). Since the PCBs were more than likely added at
the time of mamnufacture, it is unlikely that the shipbuilders, MARAD or the Navy knew of the
use of PCBs in shipboard materials. The US Navy maintains that the military specifications or
“milspecs” for these shipboard materials never required the use of PCBs but did require they
have the properties that PCBs would have added to a product — fire and heat resistance, elasticity
and longevity.

PCBs can be found in a vanety of shupboard matenials and can be present as a resulf of a spill of
liguids contaming PCBs. These materials mav be found throughout a ship and the tvpe, amount,
location and concentration can be highly variable. In addition, these materials are not easily
wdentifiable or readily accessible. They are also likely to vary from ship to ship and even ships in
the same class can contain differing tvpes, concentrations and amounts of PCB-containing
materials. The followmng materials are known or suspected to contain PCBs:

Materials and items that conld contain solid PCBs

*  Cable insulation

= Rubber and felt gaskets

» Thermal msulation material mcluding fiberglass, felt. foam and cork
= Voltage regulators, switches, reclosers, bushings, and electromagnets

NEMC 2008 2

196




NEMC 2008

= Electronic equipment, switchboards, and consoles
= Adhesives and tapes

= Oil-based paint

= Caulking

* Rubber izolation mounts

* Foundation mounts

*  Pipe hangers

* Plastics

Materials and items that conld contain liguid PCBs
*  Oilused in electrical equipment and motors, anchor windlasses, hydraulic systems,
and leaks and spills from such items

Materials and items that conld contain either liguid or solid PCBs

= Transformers, capacitors, and electronic equipment with capacitors and transformers
mside

= Fluorescent light ballasts

= Surface contamination of machinery and other solid surfaces due to spills

While these materials may be found throughout a ship, several areas on ships may have an
mereased likelihood of containing PCB-contamming materials: areas or rooms subject to high heat
or fire situations such as boiler rooms. engme rooms, electrical/radio rooms, weapons storage
areas or areas with hvdraulic equipment.

Collecting Samples Onboard the Ship

Sampling shipboard PCB-contaiming materials can present unique challenges. Carrying out a
successful the sampling event requires extensive forethought and planning,

Become Familiar with the Ship

When planning a shipboard sampling event become as familiar with the ship or ships as
possible. An internet search is probably the most convenient method to research a ship.
There are several web sites that keep track of the status and history of obsolete TS
Government ships:

= Dictionary of American Fightimg Ships -
hittp Aamarar history navy. o ldanfs/index bitim]

= Dictionary of American Naval Ships - http:/www hazegray.org/danfs/
= Nawval Vessel Register - http:/wnwwr vy navy mil/index him

In addition. a number of veteransMerchant Mannes groups and veteransMerchant
Marines who served these ships mav maintamn web sites dedicated to the ship’s history
and status.

Also, request the ship’s owners or custodians locate and subnut copies of the deck plans
for the ship. If deck plans for the specific ship cannot be found, request the deck plans
for a ship from the same class (often referred to as a “sister” ship). Deck plans are the
maritime equivalent of blue prints for buildings. Ideally these plans should include a
longitudinal cross section view and deck by deck views. Since these plans are similar in
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size to building blueprints, consider having reduced photocopies made in order to carrv a
copy during the sampling event.

In addition to the deck plans, request a site walk on the ship prior to the sampling event
with an escort who 15 familiar with the ship and knows where anv hazards such as
missing or rotting decks or blocked passageways are located. This will aid in becoming
familiar with the vessel Eequest that an escort be made available for the sampling event,
also.

Prior to the site walk and prior to the sampling event, schedule a pre-boarding meeting
with the sampling team and the vessel owner/custodian and the escort to review ship
conditions and deck plans. Dhring this meeting obtain permission to photograph the
vessel during the site wallk and the sampling event. Also review the facility’s emergency
procedures and evacuation routes. The facility may also have an internal safety training
that all team members will need to review and acknowledge receipt.

During the site walk, take note of the following:

*  Assess the difficulty of accessing the ship smce all equipment and supplies will be
hand carried onboard and throughout the ship.

= Verify with the ship’s owner/custodian that the vessel 15 completely powered down
mcluding shore power connections as electrical cables are often selected or targeted
for sampling.

= Obtain permission to photograph the exterior and interior of the ship.

= Note the identification system for decks, compartments, bulkheads, passageways,
door and hatches. They are often assigned a unigque ID based on deck, frame number,
starboard, port or center location and use. For Example: 1-150-5-L translates to
Mlain Deck (1), Frame (130), Statboard side (3) and Living (L). Frames can be
thought as the “ribs™ of a ship. The higher the Frame numbers the closer to the stemn.
Odd numbers are assigned to Starboard (right side) and even numbers to Port (left
side). The higher the mumber, the compartment will be located closer to the outside
hull of the ship. Zero indicates the centerline of the shup.

= Identify areas where it may not be safe access such as blocked passages, low
overheads and rotting or missmg decks and ladders.

= Identify and mark possible sampling locations if using a targeted sampling scheme.

= Ifthe sampling event will span several days, locate an equipment staging area such as
a salon or mess hall

Identify Shipboard Materials for Sampling and Possible Locafions

Prior to the sampling event, determune how many samples are desired and how they will
be selected. Samples can be selected using either a random unbiased sampling event or a
targeted event aimed at particular shipboard materials. If a random sampling event is
desired, plot the sampling locations on the deck plans prior to the sampling event.
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Include enough sample locations that if some locations are inaccessible, a replacement
location can be selected. If a targeted sampling event is desired, develop a list of target
materials and target compartments or locations.

Consult with the laboratory of choice to determine the amounts of each media needed for
analysis and laboratory QA/QU requirements.

Develop an Equipment List
When developing a list of equipment to take onboard, keep in mind that all equipment
will have to hand carried and there will be no power, little natiral light and possibly
madeguate ventilation. When choosing sanypling equipment and supplies, the goal
should be muninmization — carry as little as possible. Disposable equipment 15 preferred
over reusable as carrying decontanmunation fluids and supplies would be difficult. Some
equipment such bolt cutters or hack saws 15 not disposable but may be difficult to
decontaminate m between samples on site. To resolve the deconfamination issue, use
haclk saws with replaceable blades and change blades in between samples or instruct the
laboratory remove the cut ends of the sample prior to homogenizing the sample for
extraction and analysis.

Below 1s a list of suggested equipment.

Table 1 - Suggested List of Shipboard Sampling Equipment

Sample Collection Personnel Protective Docume ntation Sample Wazte
Equipme nt Equipme nt Handling Collection
Fazor serapers w/ Flashlights and Sample Identification | Packing Tape Waste containers
dizposable blades or Paint | Batteries (or other Tag= for lmzardous and
scrapers with disposable lightng sowce)® non-hazardous
blades wastas
Bolt cutters or hack saws Latex/Mimrila Gloves Field Log Book Chain-of- Labals/Marks

with dispesable blades (Boumnd) Custody Forms

Serewdiivers Portabla Frrst Aad Kit | Camera, Film/Dagzital | Shipping Labels | Trash bags
Mediz, Spare
Batteries

Utaliey kmives w/
dizpozable blades

Hard hat

Vezzel Deck Plans

Bills of Lading

Tape measure (100 foot)

Leather Gloves

Sharpies and’or
indelible ink pens

Coolars

Dhuct or Masking Tape

Safety shoes or boots

Spray Adhesive

Ice or ice packs

Sample containers —wids
mouth glass, pre-cleaned,
Teflow-lined lids, 250 ml
or 500 ml, or mamla
envelopes (for zamples)

S1znaling devices

Pant Cravons/Spray
Faint

Custedy Seals

Tenplates or ruler

Personal Floatation

Davices (PFDs)**

Calevlator (ifusing a
random sampling
plan)

Flastic bags
(Ziplocs T

Heavy Duty Alununum
foil or weighing (glassine)
papar

Safety glasses with
side shields ar
gogeles

Head lanmy for hard
hat

¥ Each person showld canry redundant lights in case of fatlure.
¥* [frequred by ship owner/custodian
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Collecting the Samples

The most important factor is collecting samples from these ships is the overall health and
safety of the sampling team members. No sample 1s worth putting a member of the
sampling team in a threatening situation.

Working conditions onboard these ships are often far from ideal It is nearly impossible
to conduct a shipboard sampling event without encountering less than ideal temperatures,
limited or blocked access to the ship or parts of the ship. no electricity, standing water,
rotting or missing decks and/or missing ladders, treads and'or rails. The most effective
way to avoid or overcome the majority of the challenges is to become familiar with the
ship, have a knowledgeable escort and a set of deck plans.

In addition to the risks of working on and around a water environment, all sampling and
health and safety equipment and supplies must be hand carried onboard and throughout
the ship. Lt equipment to bare necessities and mulii-purpose tools/equipment as much
as possible. Identify a central staging area either during a pre-sampling site walk or as
soon the ship is boarded. Stage as much equipment and supplies as possible to reduce the
amount to be carried.

Once onboard the ship, it 1s not advisable to allow team members to separate. It is easy
to become disoriented and lost. Once below deck the only available light will be from
flashlights or lanterns. If possible, make sure each team member has thetr own copy of
the deck plans and they are aware of where they are at all times. If it is necessary to
move ahead of the sampling team send a pair of team members as a “scout” team and
limuit how far ahead thev can go.

While collecting samples 1s not technically difficult, it is destructive to equipment on the
ship and can be physically demanding. Ships are typically not designed to freely move
from one end to the other nmmpeded. They are designed with the ability seal off
compartments or entire sections of the ship using water or air tight doors and still remain
operational. There will be climbing up and down ladders and over bulkheads and
ducking under low overheads. Once sampling moves below the main and upper decks,
there will be Lttle to no natural light. Alsoe, the inferior atmosphere, while probably not
oxygen deficient, will be stale and may be unpleasant to some team members.
Temperature will vary throughout the vessel depending on location and the time of year.
It is adwvisable to dress in warm, light, easily removable layers such as silk, cotton or
fleece. If possible. schedule the sampling event for the spring or fall  Summer and
wimnter can produce temperature extremes and i the winter, icy conditions which can add
to challenges of sampling a ship.

The sampling itself involves sawing, cutting scraping and gouging and will often require
reaching overhead or crawling undemeath or behind a piece of equipment. When
sampling paints and coatings, the samples will require scraping to bare metal. To reduce
the scraping effort, look for paint that is already exfoliating or peeling in the same
vicinity as the selected location. When sampling gaskets, look for gaskets that already
extruding from flanges or loosening from a water or air tight door or hatch. Once a
sample has been collected, mark the location so if the sampling team needs to retum to
collect additional sample, it can be located quickly and with certammty. In addition, 1t will
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let other sampling team know that some one has been their before them and gives them
an option to collect a “duplicate”™ sample.

When planning the sampling event, build in time for frequent breaks as the sampling

team will need rest and fresh air and if working during the sunvmer or winter, the team
may need to etther cool off or get warm.

CONCLUSION

Collecting samples for PCB analysis from obsolete ships can be done safely and successfully
with detailed forethought and planning,
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PCBs and Ships

PCBs and Ships

» Who has ships?

Navy and MARAD have approx. 100 — 120 ships for
disposal

Most belong to MARAD

National Defense Reserve Fleets in VA, TX
and CA

Navy and other government agencies transfer non-
combatants to MARAD for disposal

Navy handles the disposal of combatants
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PCBs and Ships

> What is the problem?

« Many government ships were constructed
with materials containing regulated levels of

PCBs (= 50 ppm)

» These ships are rapidly deteriorating
Most of these ships were built between the 1940s and 1970s
Many have exfoliating paint, leaking hulls and/or tanks, loose
or damaged asbestos
Many have been stripped or cannibalized of essential

equipment and parts
With the pessible exception of combatant ships, virtually
none can operate under their own power

PCBs and Ships

» Where can PCBs be found on a ship?

o« Manufactured ltems
Cabling, gaskets, insulation, paint, rubber products

« Liquids
Hydraulic fluids, Heat transfer fluids
Capacitors in shipboard instruments — fathometers,
radar, radio equipment
« Transformers tend to be dry
« Contamination due to spills
Hydraulic fluids, Heat transfer fluids

HVAC systems and gaskets
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PCBs and Ships

» Why were PCBs used in shipboard materials?

« PCBs gave these materials properties required by
Military and/or Government specifications (“milspecs”)
such as

Fire and heat resistance
Elasticity
Longevity

« PCBs were more than likely added during

manufacture rather than during construction of ships

PCBs and Ships

» Sampling: \What are the challenges?

« The materials are hard to identify
Milspecs never called for the use of PCBs in shipboard
materials
No markings or labeling
The presence of PCBs in shipboard materials is highly
variable.
There is no consistency between the materials, ships and
classes of ships
Several areas on ships may have an increased likelihood of
containing PCB-containing materials:

» Areas or rooms subject to high heat or fire situations such as
boiler rooms, engine rooms, electricalfradio rooms, weapons
storage areas or

» Areas with hydraulic equipment
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PCBs and Ships

» Sampling. What are the challenges?

« Working conditions are less than ideal
Working on and around water
Physically demanding
« Sampling is destructive — cutting, gouging, scraping, sawing
All equipment must be hand carried
Limited or blocked access to the ship or parts of the ship
No electricity
Standing water
Rotting or missing decks, ladders, rails and/or treads
Temperature extremes

PCBs and Ships

> Sampling:

« Become familiar with the ship’s history
» Internet Search such as Google - http /Awww. google.com/
« Dictionary of American Fighting Ships -
http://www. history. navy. mil/danfs/index. htm
Dictionary of American Naval Ships -
http://www. hazegray.org/danfs/
Naval Vessel Register - hitp:/fmww nvr navy. mil/index htm

Veterans and/or Merchant Marine groups may alsoc maintain
websites dedicated to a ship's history and status
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PCBs and Ships
» Sampling: (Continued):

« Obtain copies of deck plans

Maritime equivalent of blueprints

Should consist of at least a longitudinal cross-
section view and deck by deck horizontal views
If they cannot be located request deck plans from
a “sister” ship

« “Sister” ship deck plans may not be exactly the same
Make reduced copies to mark sampling locations
and carry onboard

PCBs and Ships
> Sampling (Continued):

« Request a pre-sampling meeting and site
walk

Request an escort who is familiar with and
knowledgeable about the ship be made available
for both the site walk and sampling event
Review ship conditions and the deck plans with
vessel owner/custodian

Review the shipyard/facility emergency procedures
and evacuation routes

Obtain permission to photograph the interior and
exterior of the ship
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PCBs and Ships

» Sampling (Continued):
o During the site walk:
Where and how to board the ship
If the sampling will span several days, locate a possible
staging area for equipment and supplies
+ A mess or salon will work well

Verify the ship is completely powered down including shore
power

Take photographs
Take note of how the decks, compartments, bulkheads,
passageways, doors and hatches are identified

« Compare with deck plans

|dentify possible safety hazards to avoid
|dentify and mark possible sampling locations

PCBs and Ships

> Sampling (Continued):
« Materials and Locations
Determing the number of samples needed or desired
Random sampling vs. targeted sampling
« Random Sampling

= Pre-determine the sampling locations and plot on the deck
plans

= Select enough samples to cover required QA/QC

= Select enough samples to have backups should an original
location be ihaccessible or not found

« Targeted Sampling
= Develop a list of materials and locations

= |dentify and mark possible locations and materials during
site walk

Sample Size
» Consult with the laboratery of cheice
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PCBs and Ships

»> Sampling (Continued):

o Equipment

Select equipment for portability and multitasking
« Goal is minimization — carry as little as possible

All equipment will have to be hand carried
« If possible stage equipment in & mess or salon

Disposal equipment is preferred over reusable

» Difficult to perform decontamination procedures once
onboard

PCBs and Ships
> Sampling (Continued):

o Collecting the Samples

Health and safety of the sampling team is top
priority
Dress appropriately
« Layers of light, easily removable clothing
» Schedule sampling for spring or fall

+ Long sleeves and pants - Jagged metal edges are
prevalent

» Level D PPE
Once onboard do not separate

« It is too easy to become disoriented and lost

« If It is necessaryto separate, send a “scout” team and
limit howy far fromi the teamithey can ge
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PCBs and Ships

» Sampling (Continued):

« Collecting the Samples (Continued)

Sampling will be physically demanding
« Climbing ladders and over bulkheads, crawling under low
overheads and squeezing behind equipment

« Interior conditions will be stale and may be unpleasant to
some team members

« Little to no natural light below decks
» Schedule frequent breaks for rest and fresh air

PCBs and Ships

» Sampling (Continued):

« Collecting the Samples (Continued)

Collecting the samples will require:

« Sawing

« Cutting

« Gouging

« Scraping

« Reaching overhead or underneath a piece of equipment
Make sure to mark where samples have been
collected
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PCBs and Ships

» Conclusion

« Collecting samples for PCB analysis from
obsolete ships can be done safely and
successfully with detailed forethought and
planning

PCBs and Ships
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PCBs and Ships

Questions?
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ABSTRACT

Enowledge of the speciated form of metals such as As, Cr and Hg in environmental and/or
biological samples 1s critical to understanding the risk posed to public health and the
environment. Analyses of environmental and/or biological samples requires the use of specie-
spectfic methods that can be performed by academic, government and commercial laboratories;
the reliability of these tests is enhanced by the use of reference materials of known specie
concentration that approximate the conditions of the actual samples. This paper presents the
1ssues with specie-spectfic analyses in a regulatory context and makes the case for the
development of additional reference materials containing certified values of kmown metal
species.

INTRODUCTION

Data on element species provides critical information that is not available from the results of total
trace element determinations. Regulations based on total trace element determination can be
supplemented or replaced by ones employing more meanimgful concepts using the information of
speciation that will permit evaluation of 1ssues that include:

» Trace element speciation

o Tomicity of element species

o Species as environmental pollutants and workplace hazards
o Trace element species in human health and nutrition

The toxicity of what is often referred to as “toxic trace elements” really depends on their
speciation and concentration. Examples include:;

o Cr(III} 1s an essential nutrient; Cr{WI) 1s carcinogenic
o Inorganic As(III) compounds are carcinogenic; arsenobetaine is non-toxic

« Inorganic tin compounds are essential for plants and animals; tributyltn (TBT) is
an endocrine disrupter

NEMC 2008 1
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From the website of the European Virtual Institute for Speciation Analysis (EVISA), we have

“It is therefore essential that toxicolosical studies should always consider the species rather than
the elemental constituent m order to create meaningful data. With respect to nisk assessment and
legislation it becomes more and more clear that failure to consider properly chenucal speciation
of elements other than carbon can lead to poor use of our resources. Laws and regulations based
on simple elemental analysis may wrongly condemn environmental media or products as toxc
and prevent the use of important resources.”

www.ipaciation. net

For example, the following Table shows the differences m the toxicity of various As species:

Chemical Specie DL50 (mgz/'ke)
Arsenite [As(IIT)] 14

Arsenate [As{V1] 20

Arsine 3

MMA 700-1800
DhA 700-2600
Arsenocholine = 10,000
Arsenobutane = 10,000

From EVISA Website, www speciation.net

and the following figure shows similar information for Sn species:

5
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= 5 e —
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Molecular volume {Aﬁ|
From EVIS4 Website, www speciation.net
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Among the justifications for use of speciation data in hieu of total metal concentrations are:
o  Touicity differences
o  Mobility differences
» Biocavailability differences

The uses of speciated metals information can address the bioavaiability of nutrient species in
food production, reduced human exposure to toxic substances and prevent or infervene in human

health issues such as cancer and autism

Potential Users of speciated reference materials include the following:

« CDC

» EPATUSGS
« TJSDA

« DA

» State and Local government agencies
» (Commercial laboratories

The mtegrity of any speciated measurement would be enhanced by the concurrent analysis of a
reference material that mimics the concentration level and matrrx conditions of the sample.

DEVELOPMENT OF SPECIATION STANDARDS

There are a senies of “drivers” that impact the need for future speciation standards, First,
academic research nmst help create new speciation analytical methods and then assist with the
transfer of these new technologes to the commercial laboratory commmnity. Acadenya must
help to educate the regulatory commmnity, which needs a greater understanding of the mmpact of
speciation on environmental and bielogical assessments. This can help to incorporate some of
these new analytical methodologies into govermment methods compendinms/regulatory guidance
documents regarding methods of analysis, and eventually lead to the mcorporation of speciation
end-points in State and Federal regulations and permits.

The only specie that Federal and State agencies regulate using direct analytical measurement is
Cr(VI); all other State regulations and permuts mfer the amount of a speciated metal from a
measured “total” concentration. The lengthy cyele of regulations/permit evaluations often
discourages the rapid adoption of state-of-the-art technologies.

For speciated analyses to be generally available, there nmst be a mechanism to certify these
speciation methods by State and’or NELAC laboratory certification programs. There should not
be any issues with NELAC and State lab. cert. programs offering certification for speciation
methods; however, most acerediting authorities do not now have the expertise or experience to
recognize the importance of speciation measurements and how to conduct effective and detailed
laboratory assessments of speciation methods. Commercial laboratories and State accrediting
authorities have {or can acquire) this capability. To prove that this can be done, the New Jersey
Department of Environmental Protection, Office of Quality Assurance, has certified laboratories
to date for the speciation for As. Crand Hg.

NEMC 2008 3
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To assist with this task, the availability of SEMs to appropriately QA speciation measurements is
highly desired. Some categories of Future Speciated Standards include:

Biological

¢  Tiszue

¢ Biofluids

o Solids (e.g., hair, fingernails)
and
Environmental

* 5Soils and wastes

+  Sediments

»  Sludges

o Adr and Dust

o Water

» (Others (inchiding food)

These new SEMS should address the following issues:

o Health environmental and/or toxicological concerns
s Impact upon regulatory standards @ Federal or state levels
»  Uhiqueness of:
= Analyte
* Species
o Capability of commercial lab. commminity to run speciation analytical methods
» Concentration Level(s)
» Better representativeness of critical conditions for proposed reference materials than other
existing reference materials

CANDIDATE SRMS

EWVISA has compiled a list of commercially available materials where one or more specie has a
speciated reference value. The amended List 1s shown below:

Aqueous Blood Hair Sediment Soill Tissue

As

Cr Under

Development

Hg

Se

Sn

NEMC 2008 4
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Some overlap in matrnx type 15 not necessarily a bad thing if the specie(s) and'or concentration
levels differ from existing reference matenials. The following are brief summaries of some
potential SEMs:

As in Seaweed Biota

Speciation of arsenic is important from both the foxicological mechanistic and regulatory
perspectives. There are as many as three orders of magnitude differences between among the
toxicity of different species or arsenic, many of which can be found m the diet. Like chrominm,
some of the arsenic species are not thought to be toxic at all or have a very linuted toxicity. This
15 especially true for the dietary species of arsenic. Arsenic in seaweed would serve as a possible
surrogate for dietary arsendc from seafood as well as a potentially different food based matrix for
other vegetarian based foods containing arsenic such as rice mushrooms and carrots. Lewvels of
arsenic species in seafood such as ovster tissue, or other shellfish is also important, but may be
addressable via additional analyses of existing NIST SEM's such as Lake Superior Fish Tissue
{1946) and Mussel Tissue (2978).

Seaweed should be relatively easy to acquire and the extraction protocols should be adaptable
from extraction protocols already used for marine tissue. Processing for SEM evaluation could
be accomplished by USGS or perhaps USDA. It is likely that once the seaweed 1s removed from
its native environmental and freeze dried, arsenic species should then be stable. This material
could be used by laboratories performing both regulatory-based assay and biomonitoring-based
assays

Hg m Human Hair

Hg in homan hair will principally of interest to laboratories doing biomonitoring. Hair 15 one of
the principal sinks for mercury and has seen a renaissance of mterest because of its possible link
to thermerisol and autism. It is likely to be used as a biomarker for mercury contamination in any
study looking at human exposure to mercury.

There are multiple published methods for the specie ntact extraction and analysis of mercury
from hair. Some available environmental methods used for extraction and analysis of mercury in
soils may be adapted to this media as well The acquisition of sample should be relatively easy,
but processing would be a potential concern. The stability of Hg species within the sample
matrix is unknowr, but should be stable because its conversion should have taken place before
bemng deposited in the hair. Mercury in hair in not part of current Federal biomonitoring
programes, so the development of a relevant SEM would anticipate future needs in this area.

Hg mn Sediment

Mercury™s primary pathway to human exposure is through consumption of fish. Since mercury
both bioaccunmilates and biomagnifies through the food chain, the higher up the food chain the
fish resides the higher the mercury concentration is libel to be. The first step in this pathway s
the sediment near where fish reside

Mercury speciation as methyvl-mercury in available in certified reference materials from the
Canadian Research Council (DOLT-4: Dogfish Liver and DORM-3: Fish Protein). Sediment

provides a useful altemative for emvironmental applications because it 15 a dry solid that can be
used as a surrogate for soils, wastes and potentially even sludge. It 15 likely to be used primarily

NEMC 2008 5
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by the regulatory community and those responsible for envirommental monitoring of various
types of solid wastes.

The State of New Jersev has an abundance of freshwater sources known to contain lots of
mercury contammated sediments. The biological processes have converted some of the morganic
form to the monomethy] form and once processed they should remain stable. The concentration
m the sediments is generally high enough to represent a contamnated sight and can be diluted to
represent more pristine environments. Unfortunately, there are no completely vncontaninated
(mercury free) sites left, but there are many locations where varyving Hg concentrations can be
found. Mercury is not currently regulated based on mdividual species, so creating this SEM
could help to drive changes in fture envirommental regulations. There are several analytical
methods available for both extraction and quantitation of mercury species that would be directly
applicable to this proposed SENL

sn m the Marine Fovironment

Antifouling agents contamning tin have been used in paints for ships. Vanous organotin
compounds accunmilate in sediments, with their concentrations and toxicities varyving widely.

For example, tributvltin 15 extremely toxic for molluscs such as mmssels and ovsters, leading to its
restriction m marine paints. Despite the ban, sediments act as sink for such materials, making the
amount of certain organotins i sediments a major concern.  Potential SEM s could exists either
on the tissue side (Sn in barnicles for exanple) or on the regulatory side (Sn m sediment). There
15 also the possibility that existing material NIST mav be converted to an application for Sn in the
marine environment. Like the current siation for mercury, there are no current regulatory
statutes related to Sn species and no current speciation methods either acceptable or proposed
bv/to the EPA for Sn speciation, but the availability of a So reference matenal could drive
regulatory changes.

A summary of potential SEMs and issues related to their development is shown below:

PRIORITIZATION OF FUTURE METAIL SPECIATION SEM

. . Scientific  Regulatory Ea:-_e_c:f . Commercial
Element Matmx Need Veed :'Lu:qumt;c-n-‘ Exclusmvity Lab. .
Processing Capability
Seawead/ . .
As Biota 3 3 3 2 3
Hg Sediment 3 3 2 23 2
Sn Sediment 2 23 2 3 2
Hz Hamr 3 1 ] 3 ]
Cr Dust 2 2 2 3 3
Cr Urine 2 1 2 3

3: Strong scientific/regulatory Needs, Ease of Sample Collection/Processing, No Other Speciated
QA Materials Available, Comumercial Lab. Community Can Easily Run Methods
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2. Moderate/Limited scientific/regulatory Weeds, Some Issues w/Sample CollectionProcessing,
Limited Availability of other Speciated QA Matenials, Lab. Conmmnity Will Struggle to Run
Methods

1: Questionable scientific/regulatory Weeds, Difficulty w/Sample Collection/Processing, Other
Speciated QA Materials Available, Commercial Lab. Commwnity Will Have Great Difficulty
Running Methods

NEXT STEFPS

» Contimue to compile a list of potential SEMs

» (ather mnput from other potential users such as the CDC and FDA

» (Gam consensus from EPA, States and academic advisors on priorities
L]

Azl NIST, in collaboration with TUSGS, to develop a long-range plan to create an inventory of
speciated SEMs
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SPECIATED REFERENCE MATERIALS -
THE NEED AND THE SOLUTION

Stuart J. Nagourney, Research Scientist

New Jersey Department of Environmental
Protection

Office of Quality Assurance
stu.nagourney@dep.state.nj.us
609-292-4945

WHY SPECIATION?

XlElemental forms differ in their
 Distribution
= Mobility
= Environmental Availability

[XISpeciation information enables an understanding of
= Toxicity
= Risk
= Biological Activity

XIExamples
= As: inorganic-toxic; arsenobetaine-innocuous
= Cr: Cr(lll)-nutrient; Cr(VI)-carcinogen
= Sn: inorganic-innocuous; TBT-toxic
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As SPECIE TOXICITY

Chemicd Spede DL50 (mg/kg)
Arsenite [As(III)] 14

Arsenate [As(V)] 20
Arsine (AsHy) 3 - <[y
MVA 700-1,800 |-

DVA 02600 | e | ]

Arsenochadline >10,000

T 1)

With the Permission of Applied

mmm > 10,ch Speciation and Consulting, LLC

From EVISA Website,
www.speciation.net

Sn SPECIE TOXICITY

Et.Sn

1 Me,Sn
g, e
2 Me,Sn i
Q i
a2 4
¥

14 | = :

— . _B_y_.Sn
0
100 150 200 250 300 350 400

Molecular volume [A”)

From EVISA Website,
www.speciation.net
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SOME BENEFITS OF SPECIE-
SPECIFIC DATA

XIBioavailability of nutrient species can guide
food production

XIReduced human exposure to toxic substances

XIPrevention/Intervention related to human
health issues such as:

» Cancer
« Autism

WHAT (CAN) DRIVE SPECIATION?

Academic research that develops new speciation analytical methods
Technology transfer to the commercial laboratory community

Greater understanding of the impact of speciation on environmental and
biological assessments

Evaluation of analytical methods for speciation that are found in
government methods compendiums/regulatory guidance documents

Incorporation of speciation end-points in State and Federal
regulations and permits

Certification of speciation methods by State/NELAC lab. cert. programs

Availability of SRMs to appropriately QA speciation measurements
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SPECIATION ANALYTICAL
METHODOLOGIES

# EPA SW-846 has several analytical methods that include speciated metals

As (in development)
3110
6870

Cr
[X13060A
E7196A
7199
[Z6800 (can speciate other elements)

Hg
13200

¥ ROHS/WEEE Compliance Testing

EU statement that Method 6800 is the only valid method for generating
speciated metals data

SPECIATION AND REGULATION

3 The only specie that Federal and State agencies
regulate using direct analytical measurement is Cr(VI)

38 Other State regulations and permits infer the amount
of a speciated metal from a measured “total”
concentration.

3 The lengthy cycle of regulations/permit evaluations
discourages adoption of state-of-the-art technologies
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SPECIATION & LAB. CERT.

3 There should be no issue with NELAC and State lab. cert.
programs offering certification for speciation methods

# The problem is, most accrediting authorities do not have the
expertise or experience to:
[2lto recognize the importance of speciation measurements

[Alconduct effective and detailed lab. assessments

3 Commercial labs. & accrediting authorities have (or can
acquire) this capability; the NJDEP has certified laboratories
for speciation for As, Cr, and Hg speciation

Cr(Vl) in SOIL

3 NJ (and other States) are responsible for managing COPR remediations

3 Clean-ups based upon measurement of Cr(VI) in soil; historically, analyses are
done by USEPA Methods 3060A and 7196A; some recent data by Method 7199

# Much of the NJ data includes QA outside method limits; there is
concern about the validity of some of the results

# Consortium of collected COPR-contaminated soil and,
via intercomparison studies, created NIST SRM 2701

& Cr(Vl) certified by NIST as 551 + 34 mg/kg by Method 6800
# Data by 7196A/7199 ~70% of the certified value

# Plans to develop a lower [Cr(VI)] SRM underway
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Cr(Vl) in SOIL

# Commercial lab. community capable of adopting &
applying former research methods like Method 6800

#8 Different speciation methods may generate
different results for the same sample; impact on
remediation decision-making??

3 Use of SRMs like NIST SRM 2701 are an essential
component to any QA plan to effectively evaluate the
efficacy of Cr(VI) in soil data

AVAILABILITY OF SPECIATION
REFERENCE MATERIALS

Aqueous Blood Hair Sediment Soil Tissue
As J Af
Cr ~ Under
Development
Hg o g V N
Se o)
Sn N N

We Need a Wider Variety of Appropriate SRMs to Support
Speciated Measurements
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CRITERIA FOR NEW SRM
DEVELOPMENT

# Addresses analytical concerns involving important health, environmental and/or
toxicological concerns

# Impact upon regulatory standards @ Federal or state levels

# Uniqueness of:
Analyte
Matrix
Species

3 Ability of commercial lab. community to run speciation methods

# Concentration Level(s)
More representative of critical conditions than existing material

Some overlap in matrix type is not a bad if specie(s) and/or concentration levels differ from existing RMs

SOME POTENTIAL NEW SRMS

# As in Seaweed, Biota or Food
38 Crin Dust

3 Crin Urine

3 Hg in Sediment

# Hg in Human Hair

¥ Sn in the Marine Environment
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As IN SEAWEED, BIOTA
AND/OR FOOD

# Toxicity of As species differ by > 3 orders of magnitude
3 Useful for environmental as well as biomonitoring applications

¥ As is seaweed could be a surrogate for dietary As from
seafood as well as food matrices types such as rice,
mushrooms and carrots; useful for food safety assays

# Source of potential SRM should be easy to acquire

3 Once extracted and freeze-dried, As specie distribution
would be expected to be stable

Hg IN SEDIMENT

# Hg bioaccumulates and biomagnifies through the food chain;
the 1st step is to analyze it in sediment, near where fish reside

# RMs with higher total MeHg values are available as fish
protein (DOLT-4) and dogfish liver (DORM-3)

¥ Sediment is a useful surrogate for soils, wastes and sludges
# Many potential sites to obtain useful sediment samples

#8 Analytical methods are fairly well established
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FUTURE PLANS

3 Continue to compile a list of potential SRMs

38 Gather input from other potential users such as the
CDC and FDA

38 Gain consensus from EPA, States and academic
advisors on priorities

38 Ask NIST, in collaboration with USGS, to develop a
long-range plan to create an inventory of speciated
SRMs
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Arsenic Speciation in Groundwater Samples from Iowa’s
Private Well Waters

Yingtao Chai

University Hygienic Laboratory
2220 5. Ankeny Blvd.

Ankeny, [A 50023
515-725-1600
ychai@uhl wowa edu

ABSTRACT

The Unrversity Hygienic Laboratory (UHL), Iowa’s environmental and public health laboratory,
15 monitoring Iowa’s natural water system for various morganic and organic pollutants, mcluding
arsenic. Arsenic 1s a highly regulated trace element due to its potential harmful effects to both
ecosystems and human health. However, 1t 15 difficult to assess the toxictty of arsenic without
mentiomng speciation. Understanding the distribution of arsenic species i environmental
samples. such as water from private wells, 1s essential m selecting appropriate approaches for
treatment or eliminations of arsenic in donlang water. We have developed and vahdated a High
Performance Liqud Chromatography - Inductrvely Coupled Plasma Mass Spectrometry (HPLC-
ICP-MS) system for the deternunation of arsenic speciation. In the hyphenated system, HPLC =
utilized for the separation of different arsenic species m the samples, and its effluent is directly
mjected into ICP-MS. The ICP-MS serves as an element specific detector for the HPLC. We
determined method detection limits (MDL) for arsenute {As-IIT) and arsenate (As-V), the most
commeon forms of arsenic m water, as 35 and 45 ng/'L, respectively.

Nearly 200 water samples were collected throughout Iowa as part of the Statewide Rural Well
Water Survey (SWEL) Phase 2 as well as a study in an mdividual county. Arsenic speciation
analysis was performed on more than 70 water samples from these private wells with the highest
(total) arsenic concentration of 181 4 ugL. In our study we noted that water chemstry or
sample matrix affects the measurement. However, the stability study we performed associated
with the method indicates that with an appropriate sampling approach and pretreatment, the
arsenic species m the water samples are stable for more than a month. Geographic mformation
system (GIS) maps were generated to show total arsensc concentrations and arsenic species
distribution within the state. The results confirm that 1) Groundwater arsenic contamination
continues to be an environmental problem in the state of lowa, especially in the north central part
of the state. 2) Speciation determination 1s necessary to better assess arsenic contamination since
both As-IIT and As-V are found in the majority of the samples analvzed.

Future work mcludes additional speciation method development and validation for other metals
of environmental interest. These siudies will extend the laboratory’s analytical capabilities and
capacity to provide routine speciation testing for Iowa and bevond.

NEMC 2008
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Arsenic Speciation in Groundwater Samples
from lowa’s Private Well Waters

Yingtao Chai, Ph.D.
Brian Wels, Ph.D.
Steve Bernholtz
Don Simmons, Ph.D.

National Environmental Monitoring Conference
Washington, D.C.
August 1112008

L
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University Hygienic Laboratory

lowa’s Envinomginea thieahols $ibblicddealth Laboratory
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The University of lowa Hyglenic Laboratory

Ensuring the Health of All Iowans

{) Water Monitoring Sites

; Eam— Positive West Nile Virus Cases
@ AlrMonitoring Sttes Reported (by week) - Summer 2002

N2 EEE7E

;vl-,» All Babies Born in lowa are Screened for Birth Defects

) Educational Outreach

A2 Homeland Security

L

f

Outline

» Introduction

« Method

— Instrumentation

— Sample collection and pretreatment
« Results and discussion

— Analytical merit

— Arsenic speciation in Iowa’s ground waters

« Conclusion and future work

: HYGIENIC
LABOS RY
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Arsenic (As), facts about

» A highly toxic metalloid, group 1 carcinogen (species
dependent).
« MCL:

— EPA USEPA recently decreased the drinking water standard

for arsenic (fotal) to 10 ug/L from 50 pg/L due to its human
toxicity [2001].

« Arsenicin lowa’s drinking water sources:

Fy

Figure 1: Towa’s public water supply sites with arsenic
above 10 pg/LL in raw groundwater. [IDNR, 2003]. g
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Call for arsenic speciation

- Different toxicity.

Species | Arine | Arsenite | Arsenate Monomethylarsonic | Dimethylarsenic | Arsenobetaine
(AsTD) | (As-V) Acid (MMA) Acid (DMA) (AsB)
Mol. g o h.o. CHa®
Structure | AsH, [ I,AsO, [ AsO3 HyC-As-OH HyC-As-OH At o
& CH; HsC
LD5o0 3 6
(lllg/Kg) 3 14 20 700-1600 700-2600 >10,000

» Assess treatment needs.
— As-V - Reverse osmosis or distillation
— As-l1I - Distillation or chlorination followed by RO

f

Elemental speciation

» Definition (IUPAC) of speciation: the methods for
and results of establishing the physio-chemical form
of metal(loid)s — including oxidation states,
coordination numbers, ligands, and individual
concentrations.
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f

Speciation analysis

Gas
chromatograph
Electrochromatograph
Separation

Gel
electrophoresis,
Capillary Identification
Electrophoresis

Electrospray M

Liquid
chromatography

Source: Szpunar, J., and R. Lobinski, Hyphenated
techniques in speciation analysis, RSC, 2004.

A vvornc B
LA RY

HPLC g » ICP-MS

b7
bi-directional communication allows for system integration ‘2[R AsoraTony W
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ﬁ
Instrument operating conditions
Agilent ® 1200 Series HPLC Agilent ® 7500ce_ICP-MS
Mobile Phase 2.5 mM HNO: in 0.5% MeOH R.F Power 1500W
solution. with 20 ppb Ge as internal Nebulizer gas flow  0.85 L/min
standard Makeup gas flow 0.20 L/min

He gas flow rate 5.0 mL/min

Pump Mode Isocratic
S. C.Temp 2%
Flow Rate 1.0 mVmin

m/zZ monitored 75,78
Column Dionex ® IonPac AS7 (4 x 250 mm) MS dwell timne 0.5 s/mass (for m/z 75)
Anion-Exchange. with ITonPac AG7 0.1 s/mass (for m/z 78)

(4 x 50) guard column

Inject Volume 50 puL (with online autosampler)
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Sample collection and pretreatment

Bottles Out Samples Back
Pretreatment
Collecting

4

Samples Ready |

Analytical merit — satisfactory separation

lon 75.00 (74.70 to 75.70): 006SMPL.D

6500, “MmA \
5000 !
5500 ‘
5000/ DMA o
ssofts-ll| HO As OH
400 e
3500 | U‘ /\l\
3000) I T No
2500 ‘ OH
i AsV Roxarson
1500 | e AsB 2
1000 ‘ \I| "“ {’\
500i | \ M H ‘,“I‘ / I‘.‘
‘ I /1 / /J L

A — L ; v W e ;
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 1800 20.00 2200 2400 2600 28.00

Figure 2: HPLC chromatograph (m/z 75) of a mixture
solution of six arsenic standards
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Analytical merit — superior sensitivity

As Species MDL (ng/L)

As-1I1 33
As-V 43
MDL=1t,, Xs

. QA/QC

« Both accuracy and precision are achieved
for quantitative speciation analysis
through in-house QA/QC procedures:

— Duplicate measurements

— Recovery of matrix spikes

— AS 1 = ASyp + Asy (luckily, it holds true for
most of cases in Iowa’s ground water samples)
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Stability study

40
35 = S = ==
30 1 TS P T W
% — _
* 25
£
2
s 2
g —e—Asll
5 s AsV
Q 15
g —a— Total As
(CET
i - = —
-
5
0
wk 1 wk 2 wk 3 wk 4 wk B wk 6
Measurement Date

Figure 3: Repeat measurements of one groundwater .
sample over the time period of six weeks.

L
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Chromatography examples

Sample ID Date of Sampling Sampling Site As-lll (ppb) As-V (ppb)
ASP-39 9/17/2007 Mason City 0.46 14.13
ASP-55 11/20/2007 Thomton 166.84 14.53
ASP-58 11/28/2007 Clear Lake 14.1 6.83

LfL HYGiENIC
< -ABorATORY ¥
5 kbl
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File : D:\DATANAS092407.B\010SMPL.D

Operator  : YC

Acguired : 24 Sep 2007 15:11 using AcgMethod
Instrument : ICDP-MS

Sample Name: ASP-39
Misc Info
Vial Number: 1

lon 75.00 (74.70 to 75.70): 010SMPL D

4500 I
4000
3500
3000 ‘
2500
2000 I
1500 ‘

1000 ( ‘

/ ik
050 100 150 200 250 300 350 400 450 500 550 600 650 7.00 750 800 850 900 .50

HYGIENIC
LABORATORY

The Univarsiy
ol

File : D:\DATA\AS112607.B\012SMPL.D
Operator e

Acqguired : 26 Nov 2007 14:17 using AcgMethod
Instrument : ICP-MS

Sample Name: ASP-55

Mimc Info

Vial Number: 1

lon 75.00 (74.70 to 75.70): 012SMPL D

120000
110000
100000
90000

80000

70000

60000

50000

40000

30000

20000

10000 |

o B i e e a a
050 100 150 200 250 300 350 400 450 500 550 600 650 7.00 750 800 850 9.00 950
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File
Operator
Acqguired
Instrument :
Sample Name:
Mizc Info
Vial Number:

9000

8000

7000

6000

5000

4000

3000

2000

1000

3 Dec 2007
ICD-MS
ASP-58

14:12

i
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: D:\DATA\AS120307.B\011SMPL.D
y ¥

using AcgMethod

lon 7500 (7470 to 75.70): 011SMPL D

050 100 150 200 250 300 550 4

00

Total Arsenic Concentration

L] |

100

/""J " g
{ Total

ARV

100 200 Miles
]

240

i
450 500 550 600 650 700 750 500 850 900 €50

As Conc. (ug/L)
0.03 -6.04
6.04 - 15,11
15.11 - 37.68
37.68-114.6
114.6 - 276.95

N

E
S
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Percentage of Arsenite (As-lll) in Total Arsenic

Ll I P B Ly
NI TET T
i,}} |L | I% T }ﬁ 7 g of Asl

Vol ]:5 0-10.8
e | T T 1 W 10.8 - 36.1

36.1-61.5
e 615-73.1
e 73.1-100

100 0 100 200 Miles N
]

Arsenic Speciation Data

5 §° S
f o . e .o i\I
Q ° o ‘\'* & Total As Conc. (pg/L)
1 1 - - 0.03-6.04
k! ] ]" B o 6.04-15.11

o 15.11-37.68

o8
VJTW @
5
o
§
L —
e
)

O 37.68-114.6
O 114.6 -276.95
% of As-lll
0-10.8
10.8 - 36.1
36.1 -61.5
e 61.5-731
e 73.1-100

N

100 0 100 200 Miles f
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Arsenic speciation data - continue

100% PP s
90% -E“ - = =
0% we¥s o *°
Lg 60% g
& . *e
< so%
= o® *
< 40% s
* 30%
20% ‘;:
10% -1
0% M3t ‘ e . ‘ .
0.0 50.0 100.0 150.0 200.0 250.0 300.0
65.2% + 6.9% (95% Cl, n= 104 ) As-Total, Hg/L
L
ﬁ Aftera
. Reverse
Localized data — Cerro Gordo County (=&t
~ System
City Address Date of Measurement Conc. (ug/L)
As lll As V
Mason City * Address -4 6/19/2008 0.1 n.d.
Mason City *** Address -3 6/19/2008 0.12 n.d.
Mason City ** Address -2" 6/26/2008 n.d. 0.03
Mason City *+* Address -1+ 6/26/2008 11 589"
Mason City ** Address -1+ 6/26/2008 0.24 1081
Clear Lake = Address -V 7/1/2008 56.93 8.34
Clear Lake ** Address -IV*** 7/10/2008 83.83 1.51
Clear Lake =+ Address -llI** 7/10/2008 0.19 0.14
Clear Lake ** Address -II*** 7/16/2008 543 3.45
Clear Lake *** Address - 7/16/2008 0.02 19.77
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Conclusion

Groundwater arsenic contamination continues
to be an environmental problem in the state of
Iowa, especially in the north central part of the

state.

Speciation analysis is necessary to better assess

arsenic contamination.

Future work

Further validation, including proficiency testing (?), of the UHL
AS-SPEC test;

— Current report trailers: This data was generated using a procedure under

development and should be considered for research purposes only and not used for

compliance purposes.
Continuous monitoring private drinking water wells of arsenic
speciation, for Towa and beyond, and potential bio-monitoring;
Method development and validation for other metals of

environmental interest.
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Landforms in lowa and Arsenic
Detection

LANDFORM REGIONS OF I0WA

Legend
® 5-9 ng/L

® 2 10 pg/L

Mississippi
Alluvial PP
Plain

ot

Source: Compiled by Jean Cutier Prior and Deborah J. Quade, lowa Dept. of Natural Resources, lowa Geological Survey web-site,
Source: 2006-07 SWRL Phase I, 2003 ICPWS, 2001-2007 GTC
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New and Improved Methodology for the Analysis of
Hexavalent Chromium in Soil and Water

Jay Gandhi
Metrohm-Pealk
12521 Guif Freeway
Houston, T 77544
281-484-3000
javi@mp-ic.com

ABSTRACT
Hexavalent Chrominm is currently measured vsing two different methodolomes, USEPA 2186
for Water matrix and SWE446 7199 for Soil matrix. This new and improved methodology

overcomes shortcomings of the current methodology and provides flexibility in the analysis for
either matrix.

NEMC 2008
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L2 Metrohm

International Headquarters

New and Improved
methodology for the analysis of
Hexavalent Chromium (Cr*9) in
Soil and Water

Jay Gand hit, Technical Manager
Metrohm-Peak, LLC

Houston TX

Johnson Mathew, gy scientist

USEPA - Region 6 Laboratory
Houston TX

NEMC - 2008 (Monday) Jjgandhi@metrohmusa.com

L2 Metrohm

53&*&5{&9&3&5 Headquarters
utline

e Method SW846 7199 - review
e USEPA Method 218.6 - review

e Chemistries of Eluant, Reagent
and Columns for this analysis

e Suggested improvement
e Data to support improvement
e Summary

NEMC - 2008 (Monday) Jjgandhi@metrohmusa.com
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L2 Metrohm

International Headquarters

Typical Instrument Set—ui

System Control Setup

NEMC — 2008 (Monday) jgandhi@metrohmusa.com

L2 Metrohm

International Headquarters

SW 846 method 7199
Or

US EPA method 218.6
Chromium (VI) by UV/PCR

NEMC — 2008 (Monday) jgandhi@metrohmusa.com
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L2 Metrohm

International Headquarters

SW Method 7199 and USEPA method 218.6

e Uses IC-UV/PCR for detection of Cr(VI)

—Various loop sizes permitted to achieve
results (50-1000ulL)

- Ammonium Sulfate/Ammonium Hydroxide
Eluent

- Sample Digested with high ionic strength
buffer solution

— Applicable to Soil Samples, but used for
water samples as well

NEMC — 2008 (Monday) Jjgandhi@metrohmusa.com
L2 Metrohm
International Headquarters Chem|str|es RE\”ew

5.7 Digestion solution: Dissolve 20.0 £ 0.05 g NaOH and 30.0 £ 0.05 g Na,CO, in
reagent water in a one-liter volumetric flask and dilute to the mark. Store the solution in a tightly
capped polyethylene bottle at 20-25°C and prepare fresh monthly. The pH of the digestion solution
must be checked before using. The pH must be 11.5 or greater, if not, discard.

20 g NaOH = 0.5M Strength
0.5M = 500mM NaOH
30g Na,CO; = ~0.3M strength
0.3M = 300mM NaOH
Total Strength = 0.8M

NEMC — 2008 (Monday) jgandhi@metrohmusa.com
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L2 Metrohm

Internntinnnl vandanartare

Eluant: 250 mM (NH,),S0,
100 mM NH,
Flow Rate = 1.5 mL/min

Post-Column Reagent: 2mM Diphenylcarbohydrazide
10% viv CH,0H
1 N H,S0,
Flow rate = 0.5 mL/min

Eluent = 0.25M + 0.1M = 0.35M Strength
PCR Reagent = 0.5M (1N) H,SO,

Neutralizing 0.5M Acid @ 0.5mls with
1.1M Base (0.35M+0.8M digestion) @ 0.8 or 1.0mls/min

NEMC — 2008 (Monday)

jgandhi@metrohmusa.com

L2 Metrohm

International Headquarters

NEMC — 2008 (Monday)

2.5 pg/L Cr(VT)

AN L""’"""““”“"

[ ' | ' I ' |
000 4,00 800 12.00
Time (min)

Figure 6;: Chromarogram of 2.5 ug/T. Cr(VT) forrified in a simulated wastewater
effluent sample using a 100 mV analog output. The synthetic sample contained
100 mg/T_ chloride, 100 mg/I. sulfate, 100 mg/I. carbonate and 50 mg/I_ nitrate.

jgandhi@metrohmusa.com
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International Headquarters

Then, What is the problem??

NEMC — 2008 (Monday) Jjgandhi@metrohmusa.com

L2 Metrohm

International Headquarters

D82 mV
S0
45
40
35
30

25

7

20

15

=Hrx-Chrom

05

[

01 1 2 2 E B [5 Ml s 65 7 M wuing

2ppb in Drinking Water 2ppb in Drinking Water
with No Buffer with Buffer Solution
NEMC — 2008 (Monday) Jjgandhi@metrohmusa.com
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0,82 mV
S0

45

4iH

s

30

25

o5
i il S S 77, [ A T ’ ;
01 i 2 2 E B/ [3 W] == 66 77 s i
2ppb in Drinking Water 2ppb in Drinking Water 2ppb in Drinking Water with
with No Buffer with Buffer Solution 1/200X diluted Buffer Solution
NEMC — 2008 (Monday) Jjgandhi@metrohmusa.com

L2 Metrohm

International Headquarters

Solution for the problem

(jointly developed with USEPA — Region 6 Lab)

NEMC — 2008 (Monday) jgandhi@metrohmusa.com
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Experimental Conditions (modified)

Chromatographic Conditions
Analytical Column:Metrosep A Supp 10- 250 or
Metrosep ASUPP16-250

Eluent: 10mm Lithium Hydroxide / 7.8mm Lithium
Sulfate
Flow rate: 0.8ml/min

Post Column Reagent: 2.0mM 1,5-Diphenylcarbohydrazide
(DPC)
10% HPLC-grade Methanol
0.5M 98% Sulfuric Acid

Flow rate: 0.4ml/min
Buffer Solution: 1mM Lithium Hydroxide / 7.8mM Lithium Sulfate
(pH 9.5)

Detection Wavelength: 530nm
Sample Volume: 2000l

NEMC — 2008 (Monday) Jjgandhi@metrohmusa.com

L2 Metrohm

International Headquarters

Chromatogram (Cr+6)

- : 12105
% Calib Range e
,| % 0.2 ppb Hex-Chrom in Reagent Water & 0.2ppb - 100pph e a
<*Column: ASUPP10-250 ,J-"
+Eluent: 10mM LiOH / 7.8mM LiSO, o
x| “Flow rate: 0.8mls/min i
+PCR: DPC @ 0.4mls/min et
UV detection @ 530nM i
» ::](&s'ﬁr/ Area
3 10 15 10 15 0 15 40 E
K] =
. F
f\
| h
| 1
\ \
" ,[ I| _l _\-»..'_ -
r7,.{]}" = " .
1 1 3 % 7 1 H T T T T T T T T T |
NEMC — 2008 (Monday) Jjgandhi@metrohmusa.com
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2

Stacked Calibration Standard - 0.2ppb

(7replicates)

Il Headquar

Intern

v & 2z 2 58 E ¥R YL

|
f

+—

Sample ID Hex-Chrom ug/L

0.2ppb Std 0.180

0.2ppb Std 0.185

0.2ppb Std 0.188

0.2pph Std 0.180

0.2ppb Std 0.185

0.2ppb Std 0.187

0.2ppb Std 0.218

Average 0491

Sid.Dev 0.2

%RSD 6.190

Calculated MDL 0.037

NEMC — 2008 (Monday) Jjgandhi@metrohmusa.com
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Soil Sainple extracted with
modified buffer (pH 9.5)

™ | Hex-Chrom
L Sample ID mgKg
: | NIST SRM Soil Sample extract {(1/500 dilution) 516.80
: ‘ NIST SEM Soll Sample extract (1/500 dilutlon) 514.83
- || NIST SRM Soil Sample exctract (1/500 dilution) 515.77
: J | NIST SRM Soil Sample extract (1/500 dilution) 515.76
e e NIST SRM Soil Sample extract (/500 dilution) 514.39
= NIST SREM Soll Sample extract (1/500 dilutlon) 514.82
: NIST SEM Soil Sample extract (1/500 dilution) 515.29
: ﬁ Average 515,45
: 1| Std.Dav 0.723

. ! %RSD 0440
.. || || Calculated MDL (at 1/500 dilution level) 2272

. 1
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Hex Chrom Data

e Similar data for 0.5, 1.0, 5.0ppb in
Reagent Water, Waste Water(s), Soil
Samples were produced

e NIST SRM Soil Sample was used for
soil sample reference sample

NEMC — 2008 (Monday) jgandhi@metrohmusa.com
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Interferences???
Or
Other emerging analytes
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Chromatogram (Molybdenum as Mo0O,"2)

mAl

T % 8 8% 8 s ¢ ¢

“Malybdate

»Column: ASUPP 10-250

»Loop Size 2000 microliters
»Eluent: 10mM LIOH + 7.8mM LiSOy4
»Flow rate: 0.8mis per minute
»PCR: DPC reagent

»PCR Flow: 0.5mls per minute

»UV detection at 254nm

s 6 7 3 9 10 11 12 i

NEMC — 2008 (Monday)

L2 Metrohm

International Headquarters

jgandhi@metrohmusa.com

Chromatogram (Tungsten as WO ,2)

»Column: ASUPP 10-250
", »Loop Size 2000 microliters
»Eluent: 10mM LiOH + 7.8mM LiSO4
= ~Flow rate: 0.8mls per minute
5 »PCR: DPC reagent
»PCR Flow: 0.5mls per minute
2501 g' »UV detection at 220nm
|
1 l
- \
e e \“_‘_ - G —————
i i ; 3 : p ; =
NEMC — 2008 (Monday) jgandhi@metrohmusa.com
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L2 Metrohm

International Headquarters

Chromate, Tungstate, Molybdate

mAT

SO

450

40
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L2 Metrohm

International Headquarters

Summary

e Currently there is confusion in the market
place and problem with the Chromium-6
analysis by EPA methodologies

e Simple change in chemistries of eluent will
resolve the issue of the analysis

e This presentation has demonstrated
flexibility of the method that can be
adopted for water and soil matrix alike

e Also this method is directly adoptable for
emerging contaminants like Tungstate

NEMC - 2008 (Monday) Jjgandhi@metrohmusa.com
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Environmental Human Health Monitoring of Toxic Metals
and Some of Their Species in Urine and Blood Using US EPA
Method 6800

G. M. Mizanur Rahman, Laura H. Reves, Jorge G, Mar, Matt Pamuku, Gregory M. Zinn,
Timothy Fahrenholz, Rebecca L. Wagner and H. M. Skip Kingston; Department of
Chenustry and Biochemistry, and Center for Environmental Research and Education; Duguesne
University, Pittsburgh PA 15282

Scott Faber; Children’s Institute Pittsburgh.

ABSTRACT

In order to obtam a more complete picture of human exposure to chemicals it has become
mereasingly important to monitor biological fluids. Recently it has been shown that Autistic
children may potentially be diagnosed by their blood and serum levels of transition metals. These
data will be used to illustrate the importance of environmental health monitoring  One particular
advantage of this protocol for biological monitoring is that it provides a measure of the mternal
dose received by an individual in the context of his or her lifestyle from all routes of exposure.
During this study a simple, rapid and accurate quantification method for sinmltaneous
determination of 27 elements of toxicological and nutritional nterest (Sb. B, Ba, Cd. Cr, Cu, Fe,
Pb, Mg Hg Mo, Ny, K. Se, Ag 5r, TL V. Zn, Bb, Br, 50, Ti. U. L1, Zr and Te among other
elements) mn urine and blood has been developed using 1sotope dilution mductively coupled
plasma-mass spectrometry (ID-ICP-MS). The method is sensitive and rapid enough to screen
urine and specimens from subjects suspected to be exposed to a mumber of important elements
and elemental species or to evaluate environmental and/or other occupational exposure to theses
elements. Toxicity of some metal-speciated forms is much greater than their elemental forms.
To address this problem, a new mmlti-elemental speciation method will be developed based on
EPA Method 6300 for stmultaneous routine analysis of those species using MALDI-TOF-ID-MS
and ESI-TOF-ID-MS and other Mass Spectrometric analysis. Sample preparation of urine and
blood 15 simplified and mnstrumental measurements are reduced m error contribution. Direct
mathematical concentrations are obtamned without calibration curves and are more accurate than
traditional methods.

NEMC 2008
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Pamuku,* Gregory M. Zinn, Timothy Fahrenholz, Rebecca L.
Wagner and H M ‘Skip’ Kingston
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*Applied Isotope Technologies, Inc., Sunnyvale, CA 94087

B

IOUESNE
VIS

=~

o

Zgfo

w
=

@ EI@

-
L]

T ale sy s
£ 3 2 8|2 89 g2 2o -

c
5

* Lanthanides

» Of the first 20 elements of the periodic table
12 are bases of organic molecules, electrolytes, or structures
3 are noble gase
2 (B and F) have functions for living oerganisms, and
« 3 (Li, Be and Al)are functionless
~ Of the next 14 elements
11 are essential trace elements
@ ¢ Only two essential elements, Mo andil, have atomic numbers greater than 34
w
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99% of the mass of human body is made up of
only six elements: O — 65%; C — 18%; H — 10%;
N—-3%; Ca—1.5%; and P — 1.0%)

- Other essential bulk elements are: K- 0.35%; S
— 0.25%; Na - 0.15% and Mg — 0.05%

Cu, Zn, Se, Mo, F, Cl, |, Mn, Co and Fe (0.70%)

Li, Sr, Al, Si, Pb, V, As and Br, etc. (trace
amounts)

~ 1/3 of all mammalian proteins are metalloproteins (with one or more of
these elements in the active center)

B
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Trace element is defined as one that makes up less than
0.01% of total body mass

There are 50 or more trace elements found in the human
body, both normal and abnormal

There are two general classes of abnormalities
associated with trace elements

» Deficiency — from dietary inadequacies, imbalances, or
secondary to other diseases

« Accumulation of toxic trace elements from environment, which
can either displace essential elements from their metabolically
active sites and causes conditioned deficiency, or act directly as
cellular toxins

Both kind of abnormalities can be diagnosed by analyses
of trace elements In plasma, serum, red blood cell, urine,
hair, feces, sweat, bone, nail, tissues, etc.

B
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cr(lly ? | = Cr(VI) ?

e i

Beneficial Toxic

Drinking water 69 SaE s
1

or occupational
exposure?

Some elemental species are 108 times toxic than
the element itself

B
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~ Digestion (for total element)
« Acidic digestion
» Basic digestion
~ Extraction (for species)
« Inorganic or Organic solvents
» Solid phase extraction (SPE)
« Solid phase micro-extraction (SPME)
~ Determination
Gas chromatography (GC-ECD, GC-MS, GC-AED, GC-CV-AFS)
Neutron activation analysis (NAA)
Atomic absorption spectrometry (AAS)

Inductively coupled plasma mass spectrometny (LC-ICP-MS,
GC-ICP-MS)

B
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» External Calibration Method:
« 1 mL of Urine was diluted with 9 mL of 1% HNO, (v/v)

« Analyzed with ICP-MS in spectrum mode and results
were calculated by external calibration method

- IDMS (Method 6800)

« 1 mL of urine was spiked with a known amount of
multi-element isotopic spike whose concentrations
are also known

» Equilibrate for 0.5 h
» Diluted with 9 mL of 1% HNO, (v/v)

» Analyzed with ICP-MS in spectrum mode and
concentrations of different elements in urine were
calculated using the IDMS software

ICP-MS ICP-MS
Element (External Calibration) (IDMS)

(PPb)

(pp0)
& meson | vmsassi |
W T wrsos [ wses1s |
B P 7
—a-

|E Uncertainties are at 95% CI, n = 4
LI?\lI\“I;II'\
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Element Concentration (ppb)

1

Uncertainties are at 95% Cl, n=4

B
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Sample Preparation Procedure . Microwave Program
Thaw the blood sample to room
temperature « 15t Step: Time — 30 min.;
Weigh 2 g of blood into polypropylene Temperature — Room
centrifuge tubes with perforated caps temperature to 75 °C;
Add known amount of isotopically Power — Full
labeled spikes (112Cd, 201Hg and 7Se) i .
whose concentrations are known 24 Step: Time — 60 min.;
Add 10 mL of concentrated HNO, and Temperature — 75 °C;
3 mL of H,0, (30%) Power - Full
Seal MW vessels
Irradiate in MW
Filter

Store In cold room until analysis

B

e
JESNE
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Target Value Measured Value

Bl

Extraction Procedure ~ Microwave Program
Weigh 0.2 g blood . 15t Step: Time — 2 min.;
Add 10 mL 4.0 M HNO; Temperature — 100 °C;
Seal MW vessels Power — Full
Irradiate in MW 2nd Step: Time — 10 min.;
Filter Temperature — 100 °C;

Store in cold room until Power - Full
analysis

Rahman, G. M. M. and Kingston, H. M. S. J. Anal. At. Spectrom, 2005, 20, 183-191.
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Intensity (CPS)

» Chromatographic conditions:
Mobile phase : 50 mM pyridine, 0.5% cysteine, 5% methanol, pH 2
Flow rate; 1 mL/min
Injection volume: 100 uL

Column: 150 mm x 4.6 mm, 2 um, serial number: 06520308,
TRANSGENOMICS BIOCONSUMABLES

IV hm'

CH;Hg* t
Blood + | Total Hg ) ggg =
Sample (e]ele)) (%)

1.08+3.01 | 1.50 + 1.55
sample

Sample

mimicking

25% 218+ 9 161 + 11
reduction in

recovery.

The elevated mercury sample was also analyzed for total mercury using EPA method
7473. The result obtained was 402 + 39 ppb, which is in agreement with the results from
sum of the mercury species in the SIDMS analyses shown above; therefore, mass
balance was achieved.

Original Hg content in blood is 2.7 + 0.7 ppb by DMA-80

NIV Ibll'\
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» GC — HP 5890
» ICP-MS — HP 4500
~ Transfer line assembly — Hyphenated Solutions, L.L.L.P.

267




NEMC 2008

Intensity (CPS)

Retention Time (sec

» Injection port temperature — 200 °C

» Initial temperature — 60 °C; initial time — 1 min; Final Temperature — 250
°C @ 30 °C/min; hold at 250 °C for 1 min

CH,CH,Hg™*
-

24

Hg

Intensity (CPS)

Retention Time (sec

» Injection port temperature — 150 °C

» Initial temperature — 60 °C; initial time — 2 min; Final Temperature — 250
°C @ 20 °C/min; hold at 250 °C for 1 min

268
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~ Two artificial water samples (25 ppb as Hg)
« Sample 1: contains Hg%*, CH;Hg" and C,H;Hg*
» Sample 2: Contains Hg%* and CH;Hg"

~ Sample preparation method
Weigh & g of sample into headspace vials
Add known amount of isotopically enriched mercury species
standard ("**Hg?*, CH,;*°°Hg* and C,H;*°'Hg") in each vials
Stir the mixture for 15 min for complete equilibration of the natural
species with the isotopically labeled species
Take 25 uL of the equilibrated sample into a 10 mL headspace vial

Add 5 mL of 0.2 M acetate buffer and 125 uL of 1% (w/v) sodium
tetrapropylborate (NaPr,B) along with.a magnetic stir bar

Insert the SPME syringe in the headspace of the vial and heat the
vial at 65 °C for 15 min with continuous stirring

After completion of SPME sample extraction, inject the SPME
syringe into the GC injection port

IOUESNE
VIS

B
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GC column DB 5 (300m x 0.25 mm ID x 0.25 um)

SPME syringe 85 um Carboxen/PDMS

Injection port temperature 150 °C
Initial temperature and time 60 °C, 2 min

Final temperature 250 °C @ 20 °C/min, hold for 1 min

GC interface and Ar gas preheat ”
150 °C
temperature

269




Intensity (CPS)

Imensity (CPS)
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400
Retention Time (sec

Retention Time (sec
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Hg2+ MeHg+ EtHg+ Hgl
199/202 {200/202 |201/202 |199/202 |200/202 |201/202 |139/202 |200/202 [201/202 |199/202 12001202 | 2011202
7.074352| 1.29497| 0.91773| 0.78781| 6.026168| 0.63265| 0.619883| 0.914486] 4 6633313 3.93934| 2.08662) 274214
6.934942|  1.369] 0.89653| 0.63544| 6.046658] 0.53368| 0.543841| 0.76273|4.6289095| 3.85289| 2.05777 262383
3.120494| 0.99195{ 0.72776/ 0.62201| 6.459285 0.5478| 0.54686] 0.822022| 4.6814461] 3.0632| 1.69796) 210774
5.665462| 1.28184] 0.89522| 0.8765| 5.761976] 0.66866] 0.915879] 1.342367| 4.2482264| 3.4456] 1.96464) 255183

Hgl+ MeHg+ EtHg+ Hal
1997202 {200/202 12017202 |199/202 [200/202 |201/202 |199/202 |200/202 [201/202  |199/202 [200/202 | 2017202
6.696906  1.157| 049445 0.71821] 5.924585] 0.53452| 4.258683| 1.67759 1.1100656] 4.48506] 2.09216) 2.06189
7.854483| 1.25663] 0.49032| 0.86047| 5.956611] 0.58451) 1.858761| 5.05417| 0.8625028) 5.1645] 2.32617| 187662
6.255958] 1.27031] 0.50342| 2.75647| 3.753085] 0.44241) 10.70773] -3.78052] 0.3121915] 4.50057| 2.36033| 1.98544
8.562828| 1.39039| 057405 066888| 5.866432 0.5109] 6.61525]9.230815| 2 7229287| 4.95405] 249199] 1.7147

B
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Answer the following guestions by filling the appropriate information in the bordered cells:
How much sample did you double spibes? [ SOSGS ] g User Entry iz Raquired
How much “Hg™ did you spike? L] User Entry iz Required
How much ™CHyHg did you spike? 2 User Entry is Required
How mach “"'CataHg’ did pou spike? @ 9 Uzer Entry iz Required
What is the Concentration of "Hg® Spike?  [[ERS8TO | polg User Entry iz Required
wihat iz the Concentration of “'CH|H9' Spike? rofa User Entry iz Required
‘ahvat iz the Concentration of '"C|Hs.l’|g' Spike? ralg Uger Entry iz Required

‘w'hat are the izotope ratios pou obtuined sfter analyzing the sample axtract of the sample with an appropriste nstrament?
s e 20 Biggiy Mahge | Mgty iy Ethge EtHge
iy “ i "' g ‘H i Hhgrig 3 ke 3 ! '“n Ha '“H' 3

R%S

v hlh
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Deconvoluted Interconversion
Concentration (%)
Analysis Hg2+ MeHg+ | Hg2+ to | MeHg+
Replicates | (pg/g) (pg/g) | MeHg+ | to Hg2+
0.0247 0.0223 1.85% 1.93%
0.0204 0.0218 387% 2.40%
0.0180 0.0228 1.13% 3.84%
Average 0.0210 0.0223 2.28% 2.72%
Stdev 0.0034 0.0005 1.42% 1.00%
95% CL 0.0084 0.0013 3.53% 247%

e
VT

Deconvoluted Concentration Interconversion )

Analysis | Hg2+ | MeHg+ | EtHg+ MeHg+ | MeHg+ | EtHg+to | EtHg+ to
Replicates | (yg/q) | (a/g) | (vg/o) to Hg2+ |to EtHg+| MeHg+ | Hg2+
0.0200 | 0.0211 | 0.0219 4.14% | 265% | 286% | 10.59%
00201 | 0.0219 | 0.0229 6.01% | 050% | 0.73% | 10.63%
0.0257 | 0.0215 | 0.0211 6.21% | 10.39% | 34%% | 12.23%
Average | 0.0220 | 0.0215 | 0.0220 545% | 451% | 2.36% [ 11.15%
Stdev | 0.0033 | 0.0004 { 0.0009 1.04% | 5.20% | 145% | 0.94%
95%CL | 0.0081 | 0.0011 | 0.0023 284% | 1291% | 359% | 233%

e
VT
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Determination of various elements and their species are
necessary in environmental, biological and clinical
samples

Not only single elemental species but multiple elemental
and/or molecular species detection is also necessary to
understand their synergistic effects on human health

Method 6800 has successfully been applied to determine
1, 2 and 3 mercury species from biological and clinical
samples

Method 6800 is not an instrument dependent method. It
can be used with any type of mass spectrometric
instruments e.g. ICP-MS, MALDI/ESI-TOF-MS, LC-MS,
GC-MS or GC-ICP-MS

o
VT

» Develop sample preparation protocol for high
throughput clinical sample analysis using GC-
ICP-MS

» Optimize the GC-ICP-MS operating parameters
to reduce the formation of elemental mercury
during analysis

~ Develop new mathematical algorithms for
correction of the biases produced by elemental
mercury during sample analysis using GC-ICP-
MS

e
VT
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Kingston Research Group

Sample Provider

» Stanford University Blood Bank

« Center for Disease Control (CDC)
Instrumentation Support

« Agilent Technologies

« Milestone Inc.

« Metrohm-Peak, LLC

« Hyphenated Solutions, LLLP
Sponsor

» Applied Isotope Technologies, Inc (AIT)
« Pittsburgh Life Sciences Greenhouse

« Department of Chemistry & Biochemistry, Duguesne
University, Pittsburgh, PA 15282
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FACEW A AECEWS Y+ (FACIW A ACIW N1 B— )+ CACYW 7AW

(ACH A A CW e+ CACH A4 CW N1 = B~ ) + (ACTWA"ATCIWY

CACW A CW e+ CACH A4, CW M= - 7)+ CAC W +°AC'

L
RH’;R =

(R4, CEW A+FARCEWE Ju + (RA,CEW AR AFCEWE ML= B - 1)+ (RACHW A+ 4Y CY WM )5

s
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FACEW AFASCEWE Y+ (FACEW 7AW Yy + (FACHW A7 A CH WM N1 -5 - 8)
(FACEW A+ AECEWE Jp + (R A,CEW +PAECEWE )y + (RACHW AP AY CH WY N1 -5 - ¢)

(Fa.crw R A cEw Yy + (Fa.Cctw +RaECwE Yy + (FACYW AN CH WM 1= 6 - ¢)

D
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Optimization of Microwave-Assisted Extraction Methods for
Arsenic Speciation in Fish Tissue and Analysis by IC-ICP-MS

Laura H. Reves, G. M. Mizanur Rahman, Bryan M. Sevbert, Jorge Guzman-Mar, H. M.
Skip Kingston, Department of Chemistry and Biochemistry, Duquesne University, Pittsburgh,
PA 15282, USA; kingston@duqg.edu; revesl@dug.edu

ABSTRACT

Marine orgamsms can bioaccumulate high arsenic concentrations and transform species. Typical
concentrations of total arsenic in marine organisms are in the range of 1 to 100 mg kg-1 (fresh
weight). However, the determination of total arsenic is not sufficient to assess the risks
associated with consumption of arsenic-containing seafood since the toxicity of arsenic is known
to be dependent on its chemical forms. Inorganic arsenic (As (1) and As (V) are more toxic
than monomethylarsonic acid (MMA) and dimethylarsinic acid (DMA). Arsencbetaine and
arsenocholine are considered non-toxic to lving organisms. Arsencbetaine has been identified to
be the major arsenical species of fish, while As (IIT) and As (V) constitute a minor amount of the
total content.

To perform arsemic speciation analyses, extraction methods must be capable of quantitatively
extracting arsenic from the sample without alterng the individual arsenic species under the
extraction conditions used. Methanol-water mixtures and tetramethyl ammonim hydroxide
{TNIAH) are often used for arsenic species extraction from fish tissue samples using agitation,
ultrasondc-assisted extraction and microwave-assisted extraction.

The primary aimn of this study was to compare different extraction methods that are used in the
literature, and develop an effectrve and simple microwave-assisted extraction procedure for
arsenic species from fish tissue samples. Identification and quantification of the major arsenic
species present in fish tissue samples after extraction was carmed out by IC-ICP-MS and the
developed method was used for the analysis of a set of commeonly consumed fish types.

NEMC 2008
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Determination of Arsenic and Selenium S
Species in Fish by Microwave-Assisted
Enzymatic Extraction and Ion
Chromatography-Inductively Coupled Plasma
- Mass Spectrometry

3

Laura H. Reyes, Jorge Guzman-Mar, G. M. Mizanur Rahman, Bryan
M. Seybert, H. M. “Skip” Kingston

Department of Chemistry and Biochemistry, Duquesne University,
600 Forbes Ave. Pittsburgh, PA 15282

‘| Advantages and disadvantages of fish in our diet!

!
|

2

(1) Dietary fish provides a rich source of the

essential element sel