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Section 1 
Introduction 
1.1 Site Description and Background 
Libby is a community in northwestern Montana located 7 miles southwest of a 
vermiculite mine that operated from the 1920s until 1990. The mine began limited 
operations in the 1920s and was operated on a larger scale by the W.R. Grace 
Company from approximately 1963 to 1990. Vermiculite from this mine contains 
varying levels of a form of asbestos referred to as Libby amphibole asbestos (LA). 
Historic mining, milling, processing operations, and bulk transfer of mining-related 
materials, tailings, and waste to locations throughout the Libby Valley, are known to 
have resulted in releases of vermiculite and LA to the environment. These releases 
caused a range of adverse health effects in exposed people, including not only 
workers at the mine and processing facilities (Amandus and Wheeler 1987; McDonald 
et al. 1986, 2004; Whitehouse 2004; Sullivan 2007), but also in residents of Libby 
(Peipins et al. 2003, Noonan et al. 2006, Whitehouse et al. 2008). The Libby Asbestos 
Superfund Site (Site) was listed on the Superfund National Priorities List in October 
2002. 

1.2 Project and Task Description 
Since 1999, the U.S. Environmental Protection Agency (EPA) has conducted sampling 
and cleanup activities at the Site related to asbestos-related health problems in the 
Libby population. Previous investigations conducted at the Site have demonstrated 
that individuals in Libby may be exposed to LA that is released to air during various 
disturbance activities of contaminated source materials. These inhalation exposures 
may pose a risk of cancer and/or non-cancer effects. 

The EPA investigates risks to people from exposures to LA released to air by 
measuring the concentration of LA in breathing zone air during various activities that 
disturb source materials. This is referred to as activity-based sampling (ABS). This 
document is a sampling and analysis plan (SAP) that will guide multiple ABS 
scenarios at the Site to collect data on potential exposures to LA, including: 

 Scenario 1: Limited-use Area (LUA) ABS 

 Scenario 2: Borrow Source Soil ABS 

 Scenario 3: Wood Chip ABS 

 Scenario 4: Tradesperson Indoor ABS 

 Scenario 5: Background Soil ABS 
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1.3 Document Organization 
This SAP contains the elements required for both a field sampling plan and quality 
assurance (QA) project plan and has been developed in general accordance with the 
EPA Requirements for Quality Assurance Project Plans, EPA QA/R-5 (EPA 2001) and the 
Guidance on Systematic Planning Using the Data Quality Objectives Process, EPA QA/G4 
(EPA 2006). Table 1-1 provides a cross-reference where information for each QA 
project plan element (per EPA 2001) is located in this SAP. 

The SAP is organized as follows: 

 Section 1 – Introduction 

 Section 2 – Scenario 1: Limited-Use Area ABS 

 Section 3 – Scenario 2: Borrow Source Soil ABS 

 Section 4 – Scenario 3: Wood Chip ABS 

 Section 5 – Scenario 4: Tradesperson Indoor ABS 

 Section 6 – Scenario 5: Background Soil ABS 

 Section 7 – General Sampling Program Requirements 

 Section 8 – Sample Preparation and Analysis Requirements 

 Section 9 – Assessments and Oversight 

 Section 10 – Data Review and Validation 

 Section 11 – References 

Sections 2 through 6 provide the detailed objectives and study designs for each 
sampling scenario. Each of these elements is discussed in more detail below. 

Data quality objectives (DQOs) are statements that define the type, quality, quantity, 
purpose, and use of data to be collected. The design of a study is closely tied to the 
DQOs, which serve as the basis for important decisions regarding key design features 
such as the number and location of samples to be collected and types of analyses to be 
performed. The EPA has developed a seven-step process for establishing DQOs to 
help ensure that data collected during a field sampling program will be adequate to 
support reliable site-specific risk management decision-making (EPA 2001, 2006). 

The study design provides the scenario-specific sampling requirements that will 
achieve the specified DQOs. The study design includes information on the locations 
selected for evaluation, ABS scripts, and sample collection procedures.  
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Table 1-1.  QA Project Plan Element Cross-Reference 
 

QA Project Plan Element1 Document Location 
Group A. Project Management  
A1. Title & Approval Sheet Title Page, Approval Signature Page 
A2. Table of Contents Contents Page, Table 1-1 
A3. Distribution List Distribution List Page 
A4. Project/Task Organization Section 1.3 
A5. Problem Definition & Background Sections 1.1, 2.1.1, 3.1.1, 4.1.1, 5.1, 6.1.1 
A6. Project/Task Description Sections 1.4, 2.1, 3.1, 4.1, 5.1, 6.1 
A7. Quality Objectives & Criteria Sections 2.1, 3.1, 4.1, 5.1, 6.1, 10.3, Table 10-1 
A8. Special Training/Certifications Section 7.1.2 
A9. Documentation & Records Sections 7.3.1 - 7.3.6, Appendices C - D (field) 

Sections 8.1.3, 8.2, 8.3.1, 8.8, Appendix F (lab) 

Group B. Data Generation & Acquisition  
B1. Sampling Process Design (Experimental Design) Sections 2.2, 3.2, 4.2, 6.2, Appendix A 
B2. Sampling Methods Section 7.2, Appendices A - B 
B3. Sample Handling & Custody Sections 7.3.9 - 7.3.12, Appendix B (field) 

Section 8.6 (lab) 
B4. Analytical Methods Sections 8.1 - 8.3, Appendix E 
B5. Quality Control Section 7.4 (field) 

Section 8.7 (lab) 
B6. Instrument/Equipment Testing, Inspection, & Maintenance Sections 7.3.7 - 7.3.8, Appendix B 
B7. Instrument/Equipment Calibration & Frequency Section 7.2.1.2, Appendix B 
B8. Inspection/Acceptance of Supplies & Consumables Section 7.1.3 
B9. Non-direct Measurements not applicable 
B10. Data Management Section 10.1 

Group C. Assessment & Oversight  
C1. Assessments & Response Actions Sections 9.1 - 9.2 
C2. Reports to Management Section 9.3 

Group D. Data Validation & Usability  
D1. Data Review, Verification, & Validation Section 10.2 
D2. Verification & Validation Methods Section 10.2 
D3. Reconciliation with User Requirements Section 10.4 

 

1 Source: EPA Requirements for Quality Assurance Project Plans, EPA QA/R-5 (EPA 2001) 
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Section 7 provides the general sampling program requirements (i.e., health and safety 
[H&S] monitoring, sampling handling, etc.) that are applicable to all ABS scenarios. 

Section 8 provides the detailed sample preparation and analysis requirements for all 
samples collected under these ABS scenarios. 

Section 9 provides a summary of the assessment and oversight requirements to ensure 
that field procedures are followed as required and that any deviations from 
procedures are documented. 

Section 10 provides a summary of the data review and validation procedures for data 
generated in these sampling programs to ensure results are adequate to support 
decision-making. 

Section 11 provides full citations for all analytical methods, site-related documents, 
and scientific publications referenced in this document. 

1.4 Project Organization 
This SAP was developed by CDM Federal Programs Corporation (CDM Smith) 
(EPA’s contractor) at the direction of, and with oversight by, EPA Region VIII, with 
input from the Montana Department of Environmental Quality. CDM Smith will also 
be responsible for conducting all field sampling activities in support of the sampling 
programs described in this SAP. Key CDM Smith personnel that will be involved in 
these sampling programs include: 

 Nathan Smith, Project Manager 

 Asami Tanimoto, Field Team Leader 

 Tracy Dodge, Sample Coordinator 

 Diane Rode, Field Data Manager 

 Terry Crowell, QA Manager 

 Damon Repine, H&S Manager 

The EPA’s Environmental Response Team is responsible for all data management 
aspects of this project. 

The EPA’s Environmental Services Assistance Team is responsible for procuring all 
analytical and preparation laboratory services requires as part of these sampling 
programs. 

1.5 Project Schedule and Deliverables 
Sampling is expected to begin in August 2011. Once the initial data set is evaluated by 
the EPA risk assessment and management teams, additional samples may be deemed 
necessary to support final decision-making. If additional sampling efforts are 
required, SAPs specific to those efforts will be generated prior to sample collection. 



 

  2-1 

Miscellaneous ABS SAP – Revision 2 

Section 2 
Scenario 1: Limited-Use Area ABS 
The following sections describe the seven-step DQO process and the sampling design 
for the Limited-Use Area ABS scenario. 

2.1 Data Quality Objectives 
The following sections implement the seven-step DQO process for this sampling 
scenario. 

2.1.1 Step 1: State the Problem 
Previous investigations conducted at the Site have demonstrated that LA may be 
present in soils at some residential properties in Libby. As a result, residents and 
individuals that work at residential properties in Libby may be exposed to LA that is 
released to air during soil disturbance activities. These inhalation exposures may pose 
a risk of cancer and/or non-cancer effects. 

To date, outdoor ABS data collected at residential properties in operable unit (OU) 4 
have focused on common-use areas (CUAs), such as the yard, and specific-use areas 
(SUAs), such as driveways, gardens, and flowerbeds. However, no outdoor ABS data 
have been collected from LUAs. LUAs include portions of a property that are 
accessed, utilized, and maintained on a limited basis. Examples of LUAs include 
pastures and maintained/mowed fields. Therefore, ABS data are needed to address 
potential exposures in LUAs. 

2.1.2 Step 2: Identify the Goal of the Study 
The goal of this study is to collect outdoor ABS data in LUAs that will be used to 
estimate exposure and risk from LA to residents and individuals that work in OU4. 
Results will be used by risk managers to decide whether or not additional response 
actions are needed to protect individuals from unacceptable risks from LA in OU4. 

2.1.3 Step 3: Identify Information Inputs 
The following sections describe the types of information needed to meet the study 
goals. 

ABS Air Concentrations of LA 
The information needed to characterize human exposures in OU4 consists of reliable 
measurements of LA concentrations in air under realistic and representative exposure 
scenarios that are characteristic of soil-disturbing activities engaged in by residents 
and individuals that work in LUAs in OU4. 
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Disturbance Activities 
People may disturb soil or other LA source materials in OU4 by a wide variety of 
different activities. It is not feasible to evaluate every possible type of disturbance, so 
ABS should be performed using selected scenarios that are considered to be realistic 
and representative examples of disturbances in LUAs. Based on discussions with the 
EPA staff in Libby, the types of activities performed in LUAs are likely to include 
mowing, haying (i.e., cutting/bailing hay), horseback riding, and all-terrain vehicle 
(ATV) riding. 

Type of Air Sample 
Experience at Libby and at other sites has demonstrated that personal air samples 
(i.e., samples that collect air in the breathing zone of a person) tend to have higher 
concentrations than air samples collected by a stationary monitor (EPA 2007), 
especially if the person is engaged in an activity that disturbs an asbestos source such 
as contaminated soil. Because personal air samples are more representative of 
breathing zone exposures, this study focuses on the collection of personal air samples 
during soil disturbance activities. These ABS measurements will be obtained by 
drawing a known volume of air through a filter that is located in the breathing zone 
of the individual performing the disturbance activity and measuring the number of 
LA structures that become deposited on the filter surface. 

Target Analyte List 
ABS air samples will be analyzed for LA using transmission electron microscopy 
(TEM). Because asbestos toxicity depends on the particle size and mineral type, 
results should include the size attributes (length, width) of each asbestos structure 
observed, along with the mineral classification (e.g., LA, other amphibole). In 
addition, because it is possible that there could be differing sources of LA present in 
soils, information on the sodium and potassium content of each LA structure 
observed, as determined by energy dispersive spectroscopy (EDS), should also be 
recorded. This requirement is based on the observation of Meeker et al. (2003) that 
most particles from the Libby ore body contain detectable levels of both sodium and 
potassium, whereas other potential sources of amphibole asbestos may not. 

Soil Concentrations of LA 
Since it is not feasible to perform ABS at every LUA in Libby due to both time and 
cost considerations, it is expected that risk managers will rely upon an extrapolation 
of ABS air results between areas of similar contamination in soil to make risk 
management decisions. Therefore, measurements of LA in the LUA soil being 
disturbed are also needed. Soil samples should be collected using a sampling method 
that allows for estimation of the average level of LA in the soil across the entire LUA 
for each sampling event (i.e., a single multi-point composite sample or multiple 
single-point samples from which a mean can be calculated). 
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Soil samples will be analyzed for LA using polarized light microscopy (PLM) and/or 
TEM. Results should provide an estimate of the level, as mass percent or structures 
per gram, of LA in soil. In addition, because the presence of visible vermiculite in soil 
has been shown to be a reliable indicator of LA contamination in soil (EPA 2010a), 
field-based estimates of the level of vermiculite in soil are also needed. 

Other Data 
Release of LA from soil into air is expected to depend on several environmental 
factors that may tend to vary over time. These factors may include meteorological 
conditions (temperature, wind), soil moisture content, and amount and type of 
ground cover. It may be helpful to evaluate ABS air concentrations as a function of 
these environmental factors to improve the ability to extrapolate air results under 
various soil conditions. Therefore, measurements of soil moisture in the LUA and 
estimates of the spatial coverage of various types of ground cover should be estimated 
at the time ABS is conducted. In addition, meteorological weather station data will be 
downloaded from the National Oceanic Atmospheric Administration (NOAA) station 
in Libby for days when ABS activities are scheduled. 

2.1.4 Step 4: Define the Bounds of the Study 
The following sections specify the geographic (spatial) and temporal boundaries of 
this study. 

Spatial Bounds 
The spatial bounds of this study should be restricted to LUAs at properties located 
within OU4. This OU includes most current residential and commercial properties in 
the Libby community. 

Temporal Bounds 
Because the level of LA in outdoor ABS air may depend on factors that vary 
seasonally (e.g., soil moisture, wind speed, humidity, etc.), the dataset needed for this 
effort should ideally consist of multiple samples from each area, spanning a range of 
time points and meteorological conditions. This will help ensure that reliable 
estimates of long-term average concentrations may be computed from individual 
short-term measurements. 

In general, it is expected that human exposures to LA in outdoor air are more likely to 
occur when snow cover is limited or absent, and that releases will tend to be higher 
during dry than wet conditions. Based on this, ideal ABS datasets would be collected 
in the interval between late spring and early fall. In order to help ensure that data are 
not biased low, ABS should be restricted to summer months (July-September), when 
conditions for asbestos release are generally favorable. 
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ABS sampling should not occur if rainfall in the past 36 hours has exceeded ¼ inch. 
Land owners should be asked not to water or irrigate the area where ABS will occur 
for at least 36 hours before sample collection. ABS sampling should not occur if there 
is standing water present or if the average volumetric water content is greater than 30 
percent via field probe instrumentation. 

2.1.5 Step 5: Define the Analytic Approach 
The EPA will use outdoor ABS results to estimate exposure and calculate potential 
risks to individuals from various outdoor soil-disturbance exposure scenarios in 
LUAs in OU4 and determine whether additional remedial action is needed to protect 
human health. 

Provided that a quantitative or semi-quantitative relationship between the 
concentration of LA in ABS air and the level of LA in the disturbed soil can be 
established, the EPA will use this relationship to predict expected ABS air 
concentrations of LA based on measured LA soil levels at locations where ABS has 
not been performed. Exposure point concentrations (EPCs) of LA in air for use in 
characterizing potential risks in the OU4 human health risk assessment will be 
estimated from soil using these established relationships. 

The EPA has recently proposeda draft LA-specific toxicity values for use in estimating 
non-cancer hazard quotients (HQs) and cancer risks from exposures to LA in air. The 
lifetime reference concentration (RfC) value is 0.00001 structures per cubic centimeter 
of air (s/cc) and the lifetime inhalation unit risk (IUR) value is 0.17 (s/cc)-1. It is 
important to note that calculations of human exposure and risk from asbestos in air 
are expressed in terms of phase contrast microscopy (PCM) s/cc. When analysis is 
performed by TEM, structures that satisfy PCM counting rules are referred to as 
PCM-equivalent (PCME) structures. The PCM counting rules include structures with 
a length greater than (>) 5 um, a width greater than or equal to (≥) 0.25 um, and an 
aspect ratio ≥ 3:1. 

Basic methods for estimating human health risk from LA in air are provided below. 

Estimation of Cancer Risk 
The basic equation for estimating cancer risk from LA using the EPA’s LA-specific 
IUR value is as follows: 

 Risk = EPC * TWF * IURLA 

where: 
 

Risk = Lifetime excess risk of developing cancer (lung cancer or mesothelioma) 
as a consequence of site-related LA exposure. 

 
                                                 
a McKean 2011  
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EPC = Exposure point concentration of LA in air (LA PCM or PCME s/cc). The 
EPC is an estimate of the long-term average concentration of LA in inhaled air 
for the specific activity being assessed. 

TWF = Time-weighting factor. The value of the TWF term ranges from zero to 
one, and describes the average fraction of a lifetime during which exposure 
occurs from the specific activity being assessed. Because the LA-specific IUR 
incorporates a lag of 10 years, the duration of a lifetime is assumed to be 60 
rather than the usual 70 years: 

  TWF = ET/24 * EF/365 * ED/60 

where: 

 ET = Average exposure time (hrs/day) 

EF = Average exposure frequency (days/year) 

ED = Exposure duration (years) 

IURLA= LA-specific lifetime inhalation unit risk (LA PCM s/cc)-1 

Estimation of Non-Cancer Hazard Quotient 
The basic equation for characterizing non-cancer hazards from LA using the EPA’s 
LA-specific RfC value is as follows: 

 HQ = EPC * TWF / RfCLA 

where: 

HQ = Hazard quotient for non-cancer effects from site-related LA exposure 

EPC = Exposure point concentration of LA in air (PCM or PCME s/cc) 

TWF = Time-weighting factor 

RFCLA = LA-specific lifetime reference concentration (LA PCM s/cc) 

Decision Rule 
The EPA guidance provided in Office of Solid Waste and Emergency Response 
(OSWER) Directive #9355.0-30, “Role of the Baseline Risk Assessment in Superfund 
Remedy Selection Decisions” (EPA 1991) indicates that where the cumulative cancer risk 
to an individual based on reasonable maximum exposure (RME) is less than 1E-04 
and the non-cancer HQ is less than 1, remedial action is generally not warranted 
unless there are adverse environmental impacts. The guidance also states that a risk 
manager may decide that a risk level lower than 1E-04 is unacceptable and that 
remedial action is warranted where there are uncertainties in the risk assessment 
results. 
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2.1.6 Step 6: Specify Acceptance Criteria 
In making decisions about human health risks in OU4, two types of decision errors 
are possible – false negative and false positive. 

 A false negative decision error occurs when a risk manager decides an area is safe 
when it is actually not safe. 

 A false positive decision error occurs when a risk manager decides an area is unsafe 
when it really is safe 

The EPA is most concerned about guarding against the occurrence of false negative 
decision errors, since an error of this type may leave humans exposed to unacceptable 
levels of LA. To minimize chances of underestimating the true amount of exposure 
and risk, the EPA generally recommends that risk calculations be based on the 95 
percent upper confidence limit (95UCL) of the sample mean (EPA 1992). Use of the 
95UCL in risk calculations limits the probability of a false negative decision error to 
no more than 5 percent. To support this approach, the EPA has developed a software 
application, ProUCL, to assist with the calculation of 95UCL values (EPA 2010b). 
However, equations and functions in ProUCL are not designed for asbestos datasets 
and application of ProUCL to asbestos datasets is not recommended (EPA 2008). The 
EPA is presently working to develop a new software application that will be 
appropriate for use with asbestos datasets, but the application is not yet available for 
use. Because the 95UCL cannot presently be calculated with confidence, risk 
calculations will be based on the sample mean only, as recommended by the EPA 
(EPA 2008). This means that risk estimates may be either higher or lower than true 
values, and this will be identified as a source of uncertainty in the risk assessment. 

The EPA is also concerned with the possibility of making false positive decision 
errors. Although this type of decision error does not result in unacceptable human 
exposure, it may result in unnecessary expenditure of resources. The risk of false 
positive decision errors can be minimized by increasing the number of samples. The 
number of samples needed depends on the magnitude of between-sample variability 
and the proximity of EPC to the decision rule. If between-sample variability is low, or 
if the EPC is not near a decision rule, then the number of samples needed is usually 
relatively low. However, if between-sample variability is high and the EPC is 
relatively near a decision rule, then the number of samples needed is usually higher. 
Based on measured data from previous outdoor ABS sampling efforts (EPA 2010a), 
there is often substantial variability in measured ABS concentrations of LA in air and 
measured concentrations may be near risk management decision thresholds. 
Therefore, there is a need to collect multiple samples at each exposure area to limit the 
level of uncertainty. Because it is not possible at present to quantify the uncertainty in 
the mean of an asbestos dataset as a function of the number of samples, it is not 
possible to calculate a minimum number of samples required to minimize the risk of 
false positive decision errors. 
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2.1.7 Step 7: Develop the Plan for Obtaining Data 
Specific details on the study design that will yield data that address the specified 
DQOs are presented in Section 2.2 below. 

2.2 Study Design 
2.2.1 Sampling Locations 
LUA locations selected for evaluation should be representative of the range of 
potential soil contamination conditions expected in LUAs in OU4: 

 Category 1: PLM-VE Bin A (non-detect) and visible vermiculite is not present    
(Vis -); LUA cleanup status is not a requirement. 

 Category 2: PLM-VE Bin B1 (less than [<] 0.2 percent) or greater reported and/or 
visible vermiculite is present (Vis +); LUA cleanup status is not a requirement. 

 Category 3: An LUA cleanup has been performed; entire LUA has been cleaned 
up. 

This stratification will be useful for the extrapolation of results between LUAs, and 
may help establish a quantitative relationship between soil and air. Initially, ten 
properties with LUAs will be selected with the following breakdown by category: 
four properties from Category 1, four properties from Category 2, and two properties 
from Category 3. To the extent possible, the selected LUAs in each category should 
provide a reasonable spatial representation of OU4. 

2.2.2 ABS Design 
As noted previously, several types of activities could be performed in LUAs, 
including mowing, haying (i.e., cutting/bailing hay), horseback riding, and ATV 
riding. For the purposes of this ABS study, ATV riding was selected for evaluation 
because: 

 ATV riding is likely to occur on a more frequent basis than mowing or haying 
activities, which may only occur a few times each season. 

 ATV riding is likely to generate more airborne dust, and hence more airborne LA 
fibers, than horseback riding. 

 Mowing or haying activities, by definition, occur in areas that are vegetated, 
which has the potential to limit LA releases from soil. 

 A large number of Libby residents own ATVs, thus ATV riding is an activity that 
likely applies to more individuals in the community than other activity scenarios. 

The ABS script for ATV riding should simulate riding activities that are realistic and 
representative of scenarios that are likely to be performed by residents in LUAs. 
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Personal air samples will be collected by the EPA contractors who will perform 
activities in accordance with the scenario scripts provided in Appendix A. At each 
location selected for evaluation, two personnel will ride an ATV for a duration of 1 
hour. During this hour, riders will engage in activities for 30 minutes that are 
representative of riding in a single-file line (i.e., one rider leading, one rider 
following), with the leader/follower switching positions after 15 minutes. Riders will 
ride separately for the remaining 30 minutes and cover as much of the LUA as 
possible. The ABS air sample for each rider will be a composite across both types of 
activity. 

2.2.3 Number of ABS Air Samples 
As noted above, because it is not possible at present to quantify the uncertainty in the 
mean of an asbestos dataset as a function of the number of samples, it is not possible 
to calculate a minimum number of samples required to minimize decision errors. The 
uncertainty around the mean depends on sample size and on the underlying 
variability. When the variability is relatively low, a dataset of 10-20 samples is usually 
enough to limit the uncertainty around the mean to make reliable decisions. However, 
when the variability is large, a dataset of 20-40 samples may be needed to limit the 
uncertainty around the mean. 

No information is available on the expected variability in ABS air concentrations from 
LUAs. However, previous outdoor ABS data collected from residential yards in OU4 
indicates that there is often substantial variability in measured ABS concentrations of 
LA in air (EPA 2010a). To ensure that reliable estimates of long-term average 
concentrations may be computed from individual short-term measurements of air 
concentrations during soil disturbance activities, three sampling events will be 
performed at each LUA, spanning a range of time points and meteorological 
conditions. A total of six ABS air samples will be collected for each LUA (3 sampling 
events x 2 ATV riders/event = 6 ABS air samples). 

As appropriate, ABS air samples may be consolidated across riders, sampling events, 
and LUAs within the same category to achieve the target number of samples. The 
need for additional sampling will depend upon the variability of LA concentrations in 
ABS air between sampling events and LUAs within the same category. 

2.2.4 ABS Air Sample Collection 
ABS air samples will be collected in accordance with general sample collection 
procedures described in Section 7.2.1. 

Two key variables that may be adjusted during collection of air samples are sampling 
duration and pump flow rate. The product of these two variables determines the 
amount of air drawn through the filter, which in turn is an important factor in the 
analytical cost and feasibility of achieving the target analytical sensitivity (see below). 
In general, longer sampling times are preferred over shorter sampling times because: 
a) longer time intervals are more likely to yield representative measures of the 
average concentration (as opposed to short-term fluctuations); and b) longer 
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collection times are associated with higher volumes, which reduces the number of 
grid openings that need to be examined to achieve the target analytical sensitivity. 
Likewise, higher flow rates are generally preferred over lower flow rates because high 
flow results in high volumes drawn through the filter over shorter sampling times. 

ABS personnel will wear two different sampling pumps – a high volume (HV) pump 
and a low volume (LV) pump. This will allow for the collection of two “replicate” 
filters (i.e., each filter represents the same sample collection duration, but different 
total sample air volumes). The appropriate flow rate for each sampling pump will be 
optimized to achieve the highest sample air volume possible without causing the filter 
to become overloaded. Initially, the HV pump flow rate will be 5.5 liters per minute 
(L/min) and the LV pump flow rate will be 2 L/min. This will result in sample 
volumes of 330 liters (L) and 120 L, respectively. 

Only one of the two “replicate” air samples will be selected for analysis (see Section 
8.3.3). The HV filter will be analyzed in preference to the LV filter. If the HV filter is 
deemed to be overloaded, the LV filter will be analyzed in preference to performing 
an indirect preparation on the HV filter to avoid potential bias associated with 
indirect preparationb. If the LV filter is deemed to be overloaded, an indirect 
preparation (with ashing) of the HV filter will be performed. 

2.2.5 ABS Air Sample Analysis 
Analytical Method 
ABS air samples collected as part of this effort will be prepared and analyzed for LA 
using TEM. Detailed information on the analysis requirements and counting rules is 
provided in Section 8.3. 

In general, three alternative stopping rules are specified for TEM analyses to ensure 
resulting data are adequate: 
 

1. The target analytical sensitivity to be achieved 

2. A maximum number of structures to be recorded 

3. A maximum area of filter to be examined 

The basis for each of these values for this study is presented below. 

Target Analytical Sensitivity 
The level of analytical sensitivity needed to ensure that analysis of ABS air samples 
will be adequate is derived by finding the concentration of LA in ABS air that might 
be of potential concern, and then ensuring that if an ABS sample were encountered 
that had a true concentration equal to that level of concern, it would be quantified 
with reasonable accuracy. This process is implemented below: 

                                                 
b Indirect preparation has the potential to increase the number of LA structures recorded during TEM 
analysis, which may bias resulting air concentrations high (Berry et al. 2011).  
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Step 1. Calculation of Risk-Based Concentrations 

Cancer. The basic equation for calculating the risk-based concentration (RBC) for 
cancer is: 

 RBC(cancer) = Maximum Acceptable Cancer Risk / (TWF * IUR) 

For cancer, the maximum acceptable risk is a risk management decision. For the 
purposes of calculating an adequate target sensitivity, a value of 1E-05 was assumed. 

The exposure parameters needed to calculate TWF are not known with certainty, so 
the following RME exposure parameters were selected based on professional 
judgment: 

 Site-specific data on the exposure time (ET) and exposure frequency (EF) of ATV 
riding were not located. Therefore, it is assumed that individuals engage in ATV 
riding 2 hours per day. Assuming that ATV riding is likely to occur during warm 
weather, mainly between May and September (about 20 weeks per year), the 
number of days per year spent ATV riding was assumed to be about 20 days (1 
day per week). 

 At present, no site-specific data exist that provide information on the exposure 
duration (ED) of area residents. In the absence of data, a conservative value of 50 
years was assumed. 

Based on these exposure parameters, the TWF is 0.0038 (2/24 * 20/365 * 50/60 = 
0.0038). The proposed LA-specific IUR is 0.17 (PCM s/cc)-1 (McKean 2011). Based on 
these values, the RBC for cancer is 0.015 LA PCME s/cc. 

Non-Cancer. The basic equation for calculating the RBC for non-cancer effects is: 

 RBC(non-cancer) = (Maximum Acceptable HQ * RfC) / TWF 

For non-cancer, the maximum acceptable HQ is 1. The TWF is the same as derived 
above (0.0038). The proposed LA-specific RfC is 0.00001 LA PCM s/cc (McKean 2011). 
Based on these values, the RBC for non-cancer is 0.0026 LA PCME s/cc. 

Because the non-cancer RBC is lower than the cancer RBC, the non-cancer RBC was 
used to derive the target analytical sensitivity, as follows. 

Step 2: Determining the Target Analytical Sensitivity 

The target analytical sensitivity (TAS) is determined by dividing the RBC by the target 
number of structures to be observed during the analysis of a sample with a true 
concentration equal to the RBC: 

 TAS = RBC / Target Count 



Section 2 
Scenario 1: Limited-Use Area ABS 

 

  2-11 

Miscellaneous ABS SAP – Revision 2 

The target count is determined by specifying a minimum detection frequency 
required during the analysis of samples at the RBC. This probability of detection is 
given by: 

 Probability of detection = 1 - Poisson(0,Target Count) 

Assuming a minimum detection frequency of 95 percent, the target count is 3 
structures. Based on this, the target analytical sensitivity is: 

 TAS = (0.0026 s/cc) / (3 s) = 0.00088 cc-1 

Maximum Number of LA Structures 
Ideally, all samples would be examined by TEM until the target analytical sensitivity 
is achieved. However, for filters that have high asbestos loading, reliable estimates of 
concentration may be achieved before achieving the target analytical sensitivity. This 
is because the uncertainty around a TEM estimate of asbestos concentration in a 
sample is a function of the number of structures observed during the analysis. The 
confidence interval (CI) around a count of N structures is characterized as a chi-
squared distribution: 

Ntrue ~ CHISQ(2 · Nobs + 1) / (2/Sensitivity) 

As Nobs increases, the absolute width of the CI range increases, but the relative 
uncertainty (expressed as the CI range divided by Nobs) decreases. This concept is 
illustrated in Figure 2-1. The goal is to specify a target N such that the resulting 
Poisson variability is not a substantial factor in the result precision. As shown in 
Figure 2-1, above about 25 structures, there is little change in the relative uncertainty. 
Therefore, the count-based stopping rule for TEM will utilize a maximum structure 
count of 25 LA structures. 

Figure 2-1. Relationship Between Number of 
Structures Observed and Relative Uncertainty 
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Maximum Area to be Examined 
The number of grid openings that must be examined (GOx) to achieve the target 
analytical sensitivity is calculated as: 

GOx = EFA / (TAS · Ago · V · 1000 · f) 

where: 

EFA = Effective filter area (assumed to be 385 square millimeters [mm2]) 

TAS = Target analytical sensitivity (cc)-1 

Ago = Grid opening area (assumed to be 0.01 mm2) 

V = Sample air volume (L) 

1000 = L/cc (conversion factor in liters per cubic centimeter) 

f = Indirect preparation dilution factor (assumed to be 1 for direct preparation) 

Assuming that the HV filter is able to be prepared directly (i.e., f = 1), the number of 
grid openings that will need to be examined for each ABS sample to achieve the target 
analytical sensitivity is 133. If the LV filter is able to be prepared directly, the number 
of grid openings that will need to be examined for each ABS sample to achieve the 
target analytical sensitivity is 366. 

If an indirect preparation is necessary, the number of grid openings that will need to 
be examined is inversely proportional to the dilution needed (i.e., an f of 0.1 will 
increase the number of grid openings by a factor of 10). In this case, it is possible that 
the number of grid openings that would need to be examined to achieve the target 
analytical sensitivity may be cost or time prohibitive. In order to limit the maximum 
effort expended on any one sample, a maximum area examined of 20 mm2 is 
identified for this sampling program. Assuming that each grid opening has an area of 
about 0.01 mm2, this would correspond to about 2,000 grid openings. 

Summary of TEM Stopping Rules 
The TEM stopping rules for this study will be as follows: 

1. Count a minimum of two grid openings from each of two grids. 

2. Continue counting until one of the following is achieved: 

a. The target analytical sensitivity (0.00088 cc-1) is achieved. 

b. 25 PCME LA structures have been recorded. 

c. A total filter area of 20 mm2 has been examined (this is approximately 2,000 
grid openings). 
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When one of these criteria has been satisfied, complete the examination of the final 
grid opening and stop. 

2.2.6 Soil Sample Collection 
A single 30-point composite soil sample should be collected before each ABS event. At 
the time of collection, the amount of visible vermiculite (none, low, intermediate, 
high) at each soil sampling point should be recorded by field sampling personnel in 
accordance with standard operating procedure (SOP) CDM-LIBBY-06. 

2.2.7 Soil Sample Analysis  
Analytical Method 
LA levels in each soil sample will be measured by PLM-VE to correlate with the 
event-specific air data. Measurements by TEM using other newly developed 
preparation methods (e.g., fluidized bed asbestos segregator [FBAS]) may also be 
needed to help strengthen the characterization of the level of LA in soil, especially 
where soil levels are low (<1 percent). 

If it is determined by the EPA that TEM analysis is necessary (this determination will 
be made following review of the preliminary soil and ABS air results for LUAs), LA 
levels in each soil sample should be measured by TEM following soil preparation 
using FBAS. Detailed information on the preparation methods, analysis requirements, 
and counting rules are provided in Section 8.1. 

TEM Stopping Rules 
Three alternative stopping rules are specified to ensure FBAS soil data collected by 
TEM analysis are adequate: 

1. The target analytical sensitivity to be achieved 

2. A maximum number of structures to be counted 

3. A maximum area of filter to be examined 

The basis for each of these values for this study is presented below. 

Target Analytical Sensitivity 
The level of analytical sensitivity needed to achieve some specified target detection 
limit (TDL) is computed as follows: 

 Sensitivity (g)-1 = TDL (structures per gram [s/g]) / 1.6 structures 

The factor of 1.6 is used because analysis of a filter with an expected average structure 
count of 1.6 will yield a detect (count >0) 80 percent of the time. 

At present, there is no firm basis for selecting the TDL. For the purposes of this study, 
the TDL for this study is set to 0.001 percent. Based on preliminary FBAS method 
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evaluation studies (Januch et al. 2011), a TDL of 0.001 percent is approximately equal 
to 1E+04 s/g. Based on this, the TAS is calculated as follows: 

TAS (g)-1 = 1E+04 LA (s/g) / 1.6 = 6.3E+03 (g)-1 

This level of analytical sensitivity should be sufficient to allow reliable quantitation of 
soil samples that approach a level of 0.001 percent by mass (about 1E+04 s/g). 

Maximum Number of LA Structures 
Based on preliminary FBAS method evaluation studies (Januch et al. 2011), results 
show that Poisson counting variation was an important contributor to the observed 
variability between FBAS filter replicates (especially when fewer than 50 structures 
were observed). As shown in Figure 2-1, above about 50 structures, there is little 
change in the relative uncertainty. Therefore, the count-based stopping rule for TEM 
for this study will utilize a maximum structure count of about 50 total LA structures. 

Maximum Area to be Examined 
The area of filter that must be examined to achieve the target analytical sensitivity is 
calculated as: 

 Area (mm2) = EFA / (TAS · f · M · QR) 

where: 

EFA = Effective filter area (assumed to be 385 mm2) 

QR = Flow ratio (assumed to be 0.0125; per the FBAS Standard Operating 
Procedure) 

TAS = Target analytical sensitivity (grams [g])-1 

f = fraction of filter used in the TEM examination 

M = Mass of soil (assumed to be 2.0 g) 

Based on a TAS of 6.3E+03 g-1, the filter area that would need to be examined 
(assuming a direct preparation, f = 1) to achieve the TAS is about 2.4 mm2. Assuming 
that each grid opening has an area of about 0.01 mm2, this would correspond to about 
240 grid openings. 

In the event that an indirect preparation is needed (due to particulate overloading on 
the filter) or if less soil mass is used in the FBAS preparation, it is possible that the 
number of grid openings that would need to be examined to achieve the TAS may be 
cost or time prohibitive. In order to limit the maximum effort expended on any one 
sample, a maximum area of 3.0 mm2 is identified for this study. Assuming that each 
grid opening has an area of about 0.01 mm2, this would correspond to about 300 grid 
openings. 
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Summary of TEM Stopping Rules 
The TEM stopping rules for FBAS soil samples in this study will be as follows: 

1. Count a minimum of two grid openings from each of two grids. 

2. Continue counting until one of the following is achieved: 

a. The target analytical sensitivity (6.3E+03 g-1) is achieved. 

b. 50 total LA structures have been recorded. 

c. A total filter area of 3.0 mm2 has been examined (this is approximately 300 
grid openings). 

When one of these criteria has been satisfied, complete the examination of the final 
grid opening and stop. 
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Section 3 
Scenario 2: Borrow Source Soil ABS 
The following sections summarize the DQOs and proposed sampling design for the 
Borrow Source Soil ABS sampling scenario.  

3.1 Data Quality Objectives 
The following sections implement the seven-step DQO process for this sampling 
scenario. 

3.1.1 Step 1: State the Problem  
Previous investigations conducted at the Site have demonstrated that LA may be 
present in soils at some residential properties in Libby. As a result, residents and 
individuals that work at residential properties in Libby may be exposed to LA that is 
released to air during soil disturbance activities. These inhalation exposures may pose 
a risk of cancer and/or non-cancer effects. 

The EPA has conducted cleanup actions at residential and commercial properties 
throughout OU4 to eliminate sources of LA exposure to residents and workers. These 
cleanup actions often include removal of contaminated outdoor soils and replacement 
of these soils with “clean fill”. Historically, these clean fill materials have included 
topsoil material that originated from borrow sources located within the Libby Valley 
and in Eureka, Montana (which is 40 miles northeast of the site and outside the Libby 
Valley) to replace materials that were removed as part of a soil cleanup. Once a viable 
topsoilc borrow source area has been identified, the top layer of soil and vegetation 
(about 6 inches) is removed and set aside. Then, about 14-18 inches of topsoil material 
is collected (the depth of material collection depends upon the soil quality of the 
source area). After the fill materials have been collected, the area is reclaimed by 
placing the top layer of soil back into the excavation area and re-vegetating the area. 
Because these topsoil materials are not exposed to ambient air until excavation, it is 
believed that they are not impacted by mining-related releases. Prior to use as fill 
material for cleanups, soils are analyzed for LA using PLM. Results for most topsoil 
borrow source soil samples have been reported as non-detect by PLM. 

In 2007/2008, the EPA investigated LA exposures due to soil-disturbance activities 
conducted at residential properties where the soils spanned a range of LA 
contamination levels, including several locations where cleanup has been performed 
and soil had been replaced with clean fill originating from within the Libby valley. In 
some cases, LA fibers were detected in ABS air samples collected from areas 
representative of clean fill. This raised the possibility that there may be some non-zero 
level of LA in soils from topsoil borrow sources that is not attributable to 
anthropogenic releases from vermiculite mining and processing activities and/or that 
                                                 
c Note that the procedure for soil collection from “common” fill borrow sources differs from topsoil 
borrow sources. Common fill soil is used as the base material for yard cleanups, which is then covered 
with a layer of topsoil. For common fill borrow sources, soil is collected to depths within the source pit 
that are well below 18 inches below ground surface.  
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areas that had been cleaned up had become re-contaminated over time. Therefore, 
data are needed to provide information on LA concentrations in soils from topsoil 
borrow sources that have been used as fill material at Libby. 

Soils from topsoil borrow sources within the Libby Valley also provide information 
on potential background conditions at the site. Thus, if LA is present in topsoil 
borrow sources, it is important for risk managers to have information on the exposure 
and risk from LA due to disturbances of borrow source soil because they can provide 
a frame of reference in the interpretation of estimated site risks from soil disturbances. 
Therefore, data are also needed to provide information on measured outdoor ABS air 
concentrations during disturbances of borrow source soils. 

3.1.2 Step 2: Identify the Goal of the Study  

There are two goals for this study. The first goal of this study is to collect information 
on the nature and magnitude of LA in topsoil borrow source soils. Results will be 
used by site managers to determine the potential source of the observed LA in ABS air 
at areas representative of clean fill (i.e., borrow materials or re-contamination). 
Therefore, the principal study question to be evaluated is: 

Is LA present in topsoil borrow source soils? If so, what is the nature (e.g., chemical 
composition) and magnitude (e.g., concentration) of LA in borrow source soils? 

If LA is detected in borrow source soils, then this would support the conclusion that 
1) there is LA in borrow source soils that is not attributable to anthropogenic releases 
from vermiculite mining and processing activities, and 2) that the observed LA fibers 
in ABS air at clean fill areas during the 2007/2008 outdoor ABS program may not 
have been due to re-contamination. If no LA is detected in borrow source soils, then 
this would support the conclusion that the observed LA fibers in ABS air at clean fill 
areas during the 2007/2008 outdoor ABS program were likely due to re-
contamination and not derived from borrow source soils. It is also possible, since 
asbestos is a naturally occurring substance, that other types of asbestos may be 
detected in borrow source soils. If so, this would support the conclusion that there is a 
non-zero level of other types of asbestos that is not attributable to anthropogenic 
activities. 

The second goal of this study is to collect outdoor ABS data that will be used to 
estimate exposure and risk from LA due to disturbances of borrow source soil. 
Therefore, another principal study question to be evaluated is: 

What are the cancer risks and non-cancer hazards for individuals that inhale LA in air 
that has been released from topsoil borrow source soils during disturbance activities? 

Results will be used by risk managers to provide a frame of reference in the 
interpretation of estimated site risks from soil disturbances. 
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3.1.3 Step 3: Identify Information Inputs  
The following sections describe the types of information needed to meet the study 
goals. 

Soil Concentrations of LA  

One way to characterize the nature and magnitude of LA in borrow source soils is to 
directly measure LA levels in the soil. Soil samples should be collected using a 
sampling design that allows for estimation of the average level of LA in the soil (i.e., a 
single multi-point composite sample or multiple single-point samples from which a 
mean can be calculated). Results should provide an estimate of the level (e.g., mass 
percent [wt%], asbestos structures per gram of soil [s/g]) of LA in soil. 

As noted above, previous results for soil samples from borrow sources showed that 
concentrations are usually ranked as non-detect by PLM. However, this analytical 
method is not generally intended for assessing low-level (<1%) asbestos 
contamination in soil. Results from 2007/2008 OU4 outdoor ABS investigation (EPA 
2010) showed that visible inspection for vermiculite may be a somewhat more 
sensitive method for detecting LA contamination in soil than PLM (EPA 2010). 
Therefore, field-based visual estimates of the level of vermiculite in soil should be 
recorded for each borrow source soil sample. These visual estimates can be used to 
provide information on the relative level of LA in soil (e.g., a weighted “score”), but 
do not provide absolute concentration estimates. 

More recently, a new soil preparation method using FBAS has been utilized to allow 
for the analysis of soil by TEM. Results from the TEM analysis provide an estimate of 
the LA level in soil as either wt% or s/g. Preliminary method performance 
evaluations show that TEM analyses of soil prepared using the FBAS method were 
able to reliably quantify LA concentrations of 0.005 wt% and lower in soil (Januch et 
al. 2011). Therefore, soils from borrow sources should be analyzed for asbestos by 
TEM after preparation using the FBAS method. Because it is possible that the type of 
LA in the borrow sources, if present, may be different from the type of LA derived 
from the Libby ore body at the mine site, results should include the size attributes 
(length, width) of each asbestos structure observed, along with the mineral 
classification (LA, other amphibole, chrysotile). In addition, information on the 
sodium and potassium content of each LA structure observed, as determined by EDS, 
should also be recorded. 

ABS Air Concentrations of LA  

Another way to characterize the nature and relative magnitude of LA in borrow 
source soils is to conduct ABS on these materials. As noted above, detected levels of 
LA have been reported in outdoor ABS air samples at locations where other methods 
(e.g., PLM, visible vermiculite estimates) have failed to detect LA. These outdoor ABS 
data can also be used characterize potential exposure and risk from disturbances of 
borrow source soils. Therefore, ABS data should be collected to provide 
measurements of LA concentrations in air under soil-disturbance scenarios. 
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ABS Design 

There are several potential study designs that could be used to evaluate ABS for 
borrow source soils: 

1) Perform outdoor ABS at residential properties in OU4 where a yard cleanup has been 
performed using clean fill from each borrow source. This approach is likely to be 
most representative of residential exposure conditions in OU4. However, the 
principal disadvantage of this approach is that, if the ABS is not conducted 
immediately after fill materials are placed, areas selected for evaluation could 
have become re-contaminated over time; thus, it would not be possible to 
distinguish between LA attributable to borrow source soils and LA 
attributable to re-contamination. In addition, local conditions also have the 
potential to influence measured air concentrations. 

2) Perform outdoor ABS at each borrow source. The advantage of this approach is 
that it provides a direct measure of LA in ABS air during disturbances of 
borrow source soils. A potential disadvantage of this approach is that it would 
require obtaining authorization from each borrow source owner to conduct 
ABS on their property and it may not be possible to set aside a dedicated area 
for ABS if the borrow source is active. This approach would not be possible if 
the borrow source has been reclaimed.  

3) Perform outdoor ABS at a standardized location using soil obtained from each borrow 
source. The advantage of this approach is that it provides a direct measure of 
LA in ABS air during disturbances of borrow source soils under a controlled 
set of conditions. In addition, this approach has the advantage that ABS can be 
conducted in any season at any standardized location (i.e., it is not necessary 
that ABS be conducted in Libby during the field season). A potential 
disadvantage of this approach is that local conditions could influence 
measured air concentrations, but this issue could be mitigated through the 
selection of the ABS area and use of appropriate control measures at the 
selected ABS area. 

Of these three potential study designs, it is likely that the latter approach (i.e., the ex 
situ design) will be the most feasible to implement for the purposes of conducting 
multiple sampling events on soils from multiple borrow sources under a standardized 
set of ABS conditions.  

Disturbance Activities  

This sampling program should use an ABS disturbance scenario that has a high 
probability of resulting in measureable ABS air concentrations of LA, if it is present. 
Outdoor ABS results from 2007/2008 show that a digging scenario, simulating a child 
playing in the dirt, tended to have the highest reported ABS air concentrations of LA 
relative to the other soil disturbance scenarios (i.e., mowing or raking) (EPA 2010). 
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Therefore, this sampling program should utilize a similar digging disturbance 
scenario.  

Type of Air Sample 

As noted previously, asbestos sampling experience has demonstrated that personal 
air samples collected during source-disturbance activities are more representative of 
breathing zone exposures and tend to have higher concentrations than stationary 
monitor air samples. Because of this, this study should focus on the collection of 
personal air samples during ABS.  

Target Analyte List  

ABS air samples should be analyzed for asbestos using TEM. Because it is possible 
that the type of LA in the borrow sources, if present, may be different from the type of 
LA derived from the Libby ore body at the mine site, results should include the size 
attributes (length, width) of each asbestos structure observed, along with the mineral 
classification (LA, other amphibole, chrysotile). In addition, information on the 
sodium and potassium content of each LA structure observed, as determined by EDS, 
should also be recorded. 

Other Data 

Release of LA from soil into air is expected to depend on several environmental 
factors that may tend to vary over time. These factors may include meteorological 
conditions (temperature, wind) and soil conditions (soil moisture). It may be helpful 
to evaluate ABS air concentrations as a function of these environmental factors to 
improve the ability to interpret air results as a function of soil conditions. Therefore, 
measurements of soil moisture should be estimated at the time ABS is conducted. In 
addition, meteorological weather station data should be downloaded from the NOAA 
station in Libby for days when ABS activities are scheduled. 

3.1.4 Step 4: Define the Bounds of the Study  
The following sections specify the geographic (spatial) and temporal boundaries of 
this study. 

Spatial Bounds  

There have been multiple borrow sources used for backfill soils for the project. These 
borrow sources are located throughout Lincoln County, as far away as Eureka, 
Montana. Borrow sources that provided fill materials for the “clean fill” properties 
evaluated as part of the 2007/2008 outdoor ABS investigation are of particular interest 
for this study since LA was detected in some ABS air samples. These borrow sources 
include the Fink, Feller, Boothman, and Rusinski borrow source areas in the Libby 
Valley and the borrow source area in Eureka (see Table 4-9 in EPA 2010). In addition, 
this study will also seek to evaluate the Noble Ranch House Pit #1 borrow source, 
located about 14 miles south of Libby near Libby Creek, which is currently used a 
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topsoil borrow source for cleanups. Other borrow sources in the Libby Valley may 
also be included. 

If LA is present in borrow sources, levels within each borrow source could vary 
spatially. Therefore, the dataset needed for this effort should ideally span a range of 
locations within each borrow source area. This will help ensure that reliable estimates 
of the mean LA concentration in soil can be computed for each borrow source. 

Temporal Bounds  

The level of LA in outdoor ABS air may depend on factors that vary seasonally (e.g., 
soil moisture, wind speed, humidity, etc.). As noted above, ABS should be performed 
under conditions that have a high probability of resulting in measureable ABS air 
concentrations of LA, if it is present. Traditionally, outdoor ABS is performed in 
summer months (July-September), when conditions for asbestos release are generally 
favorable. However, if an ex situ ABS approach is utilized (i.e., study design #3 in 
Section 3.1.3; where soil materials are collected and ABS is performed under 
standardized conditions), the seasonal timing is likely to be less important than the 
soil moisture content. ABS sampling should not occur if the average volumetric water 
content is greater than 20% via field probe instrumentation.  

3.1.5 Step 5: Define the Analytic Approach  
Soil and ABS air data collected as part of this study will be used to determine if LA is 
present in the borrow source soils. If LA is present, these data can also be used to 
support comparative evaluations of relative LA levels in each borrow source. The ABS 
data can also be used to estimate exposure and risk from disturbances of borrow 
source soils to provide a frame of reference in the interpretation of risks for the Libby 
site. The analytic approach for each intended data use is described below. 

Comparative Evaluations 

Comparative evaluations may be made using a variety of methods, ranging from 
simple visual comparisons using graphical plots to statistical comparisons using the 
Poisson ratio test (Nelson 1982). The Poisson ratio test can only be used in making 
statistical comparisons between individual samples or pooled concentrations. No 
statistically valid approach is available for making comparisons of asbestos datasets 
that cannot be pooled; therefore, these types of comparisons will rely upon graphical 
presentations. 

Risk Calculations 

Basic methods for estimating human health risk from LA in air were presented 
previously in Section 2.1.5. Exposure and risk will be evaluated based on the 
measured PCME LA concentration in ABS air for each borrow source. Estimated risks 
will be compared to calculated risks at the Libby site from soil-disturbance activities 
to provide a frame of reference in the interpretation of risks for the Libby site. 
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3.1.6 Step 6: Specify Acceptance Criteria  

Comparative Evaluations 

When making statistical comparisons between two datasets, the goal is to be able to 
have adequate power to reject the null hypothesis if the difference between the 
datasets is greater than some specified level. However, because there is no statistically 
valid approach for making comparisons of asbestos datasets, and because there is no 
information on the underlying variability within each dataset, it is not possible to 
calculate the number of samples required to achieve a desired statistical power.  

Risk Calculations 

ABS data collected as part of this study can be used to support risk management 
decision-making. As noted previously in Section 2.1.6, in making decisions about 
human health risks, two types of decision errors are possible – false negative and false 
positive.  

The EPA is most concerned about guarding against the occurrence of false negative 
decision errors, since an error of this type may leave humans exposed to unacceptable 
levels of LA. To minimize chances of underestimating the true amount of exposure 
and risk, the EPA generally recommends that risk calculations use the 95UCL of the 
sample mean, to limit the probability of a false negative decision error to no more 
than 5% (EPA 1992). However, because the 95UCL cannot presently be calculated 
with confidence for asbestos datasets, risk calculations will be based on the sample 
mean only, as recommended by the EPA (2008). This means that risk estimates may 
be either higher or lower than true values, and this will be identified as a source of 
uncertainty in the risk assessment. 

Although a false positive decision error does not result in unacceptable human 
exposure, it may result in unnecessary expenditure of resources. The risk of false 
positive decision errors can be minimized by increasing the number of samples. 
However, because it is not possible at present to quantify the uncertainty in the mean 
of an asbestos dataset as a function of the number of samples, it is not possible to 
calculate a minimum number of samples required to minimize the risk of false 
positive decision errors. 

3.1.7 Step 7: Develop the Plan for Obtaining Data  
Specific details on the study design that will yield data that address the specified 
DQOs are presented in Section 3.2 below.  

3.2 Study Design 

3.2.1 Borrow Source Locations  
There are multiple topsoil borrow sources located throughout the Libby Valley that 
have been used as a clean fill source. As noted above, borrow sources of particular 
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interest for this study include the Fink, Feller, Boothman, and Rusinski borrow 
sources in Libby, the Noble Ranch House Pit #1 outside of Libby, and the borrow 
source in Eureka.  Figure 3-1 shows the location of the topsoil borrow source areas of 
interest in and near the Libby Valley (i.e., the Eureka borrow source area is not 
shown). To the extent feasible, soil materials from each of these borrow sources will 
be evaluated. Other Libby Valley and Eureka topsoil borrow source sources may also 
be selected for evaluation if these borrow sources are not available.  

3.2.2 ABS Design  
As discussed above, there are several potential study designs that could be used to 
accomplish the ABS scenario. Because it is most feasible to implement, study design 
#3 presented in Section 3.1.3 (i.e., performing outdoor ABS at a standardized location 
using soils from each borrow source) is selected as the preferred ABS design.  

Enough soil material will be obtained from each borrow source to fill a 5-gallon 
container (see Section 3.2.3). This 5-gallon container will be brought to a standardized 
location where ABS will be conducted. All ABS activities will be conducted on a tarp 
or plastic sheeting to eliminate the potential for cross-contamination. 

The soil-disturbance activity will be a digging scenario that simulates a child digging 
and playing in the dirt. ABS personnel will sit on the ground and empty the soil from 
the 5-gallon container onto the ground. Then, they will use a hand trowel to place the 
soil back into the container. Once all the soil has been placed back into the container, 
the process will be repeated. Personnel will continue to fill/dump soil for a total 
sampling duration of 120 minutes.  

3.2.3 Collection of Borrow Source Soil for Use in ABS  
If LA is present in borrow source soil, levels within each source area could vary 
spatially. Therefore, to ensure that reliable estimates of the mean LA levels within 
each borrow source may be computed from individual measurements of soil and ABS 
air concentrations, soil for use in ABS will be collected from multiple sub-locations 
within each borrow source. Enough soil material will be obtained from each borrow 
source to fill a 5-gallon container.  

In cases where the borrow source has been reclaimed, if possible, soil material should 
be collected from locations next to the reclaimed area. Prior to collecting soil material, 
the top layer of soil and vegetation should be carefully removed and set aside. Soil 
materials should be collected to a depth similar to that which was used when the 
borrow source was active (e.g., 6-18 inches below ground surface). After soil 
collection, the top layer of soil and any vegetation should be replaced. 

Prior to use in ABS, any soil clumps should be broken apart by hand and the soil 
materials should be well-mixed inside the container. 

 



Figure 3 -1
Location of Borrow Source Areas
2011 OU4 Miscellaneous ABS SAP
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3.2.4 Number of ABS Air Samples 
As noted above, because it is not possible at present to quantify the uncertainty in the 
mean of an asbestos dataset as a function of the number of samples, it is not possible 
to calculate a minimum number of samples required to minimize decision errors. The 
uncertainty around the mean depends on sample size and on the underlying 
variability.  

No information is available on the expected variability in LA levels within each 
borrow source. Initially, three sampling events will be performed on soil materials 
from each borrow source to ensure that measured ABS air concentrations of LA are 
reliable.  

The need for additional sampling will depend upon the variability of LA 
concentrations in ABS air between sampling events for each borrow source. 

3.2.5 ABS Air Sample Collection  
ABS air samples will be collected in accordance with the general sample collection 
procedures described in Section 7.2.1. 

During each sampling event, each ABS personnel will wear two different sampling 
pumps – a high volume pump and a low volume pump – to allow for the collection of 
two “replicate” filters (i.e., each filter represents the same sample collection duration, 
but different total sample air volumes). The appropriate flow rate for each sampling 
pump will be optimized to achieve the highest sample air volume possible without 
causing the filter to become overloaded. Initially, the high volume pump flow rate 
will be 5.5 liters per minute (L/min) and the low volume pump flow rate will be 2.0 
L/min. This will result in sample volumes of 660 L and 240 L, respectively. Only one 
of the two resulting air samples will be selected for analysis (see Section 8.3.3). 

3.2.6 ABS Air Sample Analysis  
 
Analytical Method 

ABS air samples collected as part of this effort will be prepared and analyzed for LA 
using TEM. Detailed information on the analysis requirements and counting rules are 
provided in Section 8.3. 

TEM Stopping Rules 

In general, three alternative stopping rules are specified to ensure ABS air data 
collected by TEM analysis are adequate: 

1. The target analytical sensitivity to be achieved 

2. A maximum number of structures to be recorded 

3. A maximum area of filter to be examined 
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Basic methods for establishing each stopping rule were presented previously in 
Section 2.2.5. The basis for each of these values for this study is presented below. 

Target Analytical Sensitivity 

Because these data will not be used to evaluate exposure or risk, it is not appropriate 
to specify a target analytical sensitivity that is derived from an RBC.  

The 2007/2008 ABS air concentrations for clean fill areas varied widely, with mean 
concentrations for each ABS area ranging from 0.0003 to 0.23 total LA s/cc. Because 
these LA levels may represent a mixture of LA from borrow sources and LA from 
possible re-contamination, the target analytical sensitivity should be specified such 
that the TEM analysis will be able to reliably quantify LA concentrations in air at the 
low-end of this range. Thus, the target analytical sensitivity for this study is 0.00010 
cc-1.  

The 2011 OU4 residential ABS study (EPA 2011) specified a target analytical 
sensitivity of 0.00022 cc-1 for all outdoor ABS air samples. Thus, a target analytical 
sensitivity of 0.00010 cc-1 will also be adequate to allow for the calculation of 
meaningful exposure estimates for the purposes of comparing to the residential 
outdoor ABS datasets at the site. 

Maximum Number of LA Structures 

As shown in Figure 2-1, above about 25 structures, there is little change in the relative 
uncertainty as a consequence of Poisson variability. Therefore, the count-based 
stopping rule for TEM analysis of ABS air samples will utilize a maximum structure 
count of 25 LA structures.  

Maximum Area to be Examined 

Assuming that the high volume filter is able to be prepared directly (i.e., f = 1), about 
580 grid openings would need to be examined for each ABS air sample to achieve the 
target analytical sensitivity. If the low volume filter is able to be prepared directly, 
about 1,600 grid openings will need to be examined. In order to limit the maximum 
effort expended on any one sample in the event that an indirect preparation is 
necessary, a maximum area examined of 20 mm2 is identified for this sampling 
program. Assuming that each grid opening has an area of about 0.01 mm2, this would 
correspond to about 2,000 grid openings. 

Summary of TEM Stopping Rules 

The TEM stopping rules for ABS air samples in this study will be as follows: 

1. Examine a minimum of two grid openings from each of two grids. 

2. Continue examining grid openings until one of the following is achieved: 
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a. The target analytical sensitivity (0.00010 cc-1) is achieved. 

b. 25 PCME LA structures have been recorded. 

c. A total filter area of 20 mm2 has been examined (this is 
approximately 2,000 grid openings). 

When one of these criteria has been satisfied, complete the examination of the final 
grid opening and stop. 

3.2.7 Soil Sample Collection  
After the soil from the 5-gallon container has been emptied onto the ground, a single 
grab soil sample (~200 grams) will be collected for each sampling event. Assuming 
the soil material is well-mixed prior to use in ABS, this grab sample will provide an 
estimate of the average level of LA in soil. At the time of collection, the amount of 
visible vermiculite (none, low, intermediate, high) will be recorded by field sampling 
personnel. 

3.2.8 Soil Sample Analysis  
 

Analytical Method 

LA levels in each soil sample will be measured by TEM following soil preparation 
using FBAS. Detailed information on the preparation methods, analysis requirements, 
and counting rules are provided in Section 8.1. 

Because it is expected that, if present, LA levels would be below the detection limit of 
PLM (i.e., all samples would be ranked as non-detect), analysis by PLM is not 
necessary. 

TEM Stopping Rules 

Three alternative stopping rules are specified to ensure FBAS soil data collected by 
TEM analysis are adequate: 

1. The target analytical sensitivity to be achieved 

2. A maximum number of structures to be recorded 

3. A maximum area of filter to be examined 

Basic methods for establishing each stopping rule were presented previously in 
Section 2.2.7. The basis for each of these values for this study is presented below. 
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Target Analytical Sensitivity 

At present, there is no firm basis for selecting the TDL. Because it is likely that, if LA 
is present in the borrow soils, they are likely to be present a very low levels, the TDL 
for this study is set to 0.001 percent. Based on preliminary FBAS method evaluation 
studies (Januch et al. 2011), a TDL of 0.001percent is approximately equal to 1E+04 
total LA s/g. Thus, the TAS is 6.3E+03 (g)-1. 

Maximum Number of LA Structures 

Based on preliminary FBAS method evaluation studies (Januch et al. 2011), results 
show that Poisson counting variation was an important contributor to the observed 
variability between FBAS filter replicates (especially when fewer than 50 structures 
were observed). Therefore, the count-based stopping rule for TEM for this study will 
utilize a maximum structure count of about 50 LA structures.  

Maximum Area to be Examined 

Based on a TAS of 6.3E+03 g-1, the filter area that would need to be examined 
(assuming a direct preparation, f = 1) to achieve the TAS is about 2.4 mm2. Assuming 
that each grid opening has an area of about 0.01 mm2, this would correspond to about 
240 grid openings. 

In the event that an indirect preparation is needed (due to particulate overloading on 
the filter) or if less soil mass is used in the FBAS preparation, it is possible that the 
number of grid openings that would need to be examined to achieve the TAS may be 
cost or time prohibitive. In order to limit the maximum effort expended on any one 
sample, a maximum area of 3.0 mm2 is identified for this study. Assuming that each 
grid opening has an area of about 0.01 mm2, this would correspond to about 300 grid 
openings. 

Summary of TEM Stopping Rules 

The TEM stopping rules for FBAS soil samples in this study will be as follows: 

1. Examine a minimum of two grid openings from each of two grids. 

2. Continue examining grid openings until one of the following is achieved: 

a. The target analytical sensitivity (6.3E+03 g-1) is achieved. 

b. 50 LA structures have been recorded. 

c. A total filter area of 3.0 mm2 has been examined (this is 
approximately 300 grid openings). 

When one of these criteria has been satisfied, complete the examination of the final 
grid opening and stop. 
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Section 4 
Scenario 3: Wood Chip ABS 
The following sections summarize the DQOs and proposed sampling design for the 
Wood Chip ABS scenario. 

4.1 Data Quality Objectives 
The following sections implement the seven-step DQO process for this sampling 
scenario. 

4.1.1 Step 1: State the Problem 
Operable unit 5 (OU5) of the Site, the former Stimson Lumber Mill site, is located in 
the eastern portion of Libby. Historically, a variety of wood treatment and lumber 
milling processes were performed at OU5. The majority of lumber production 
activities ceased in 2003. Several wood chip piles from historical lumber processing 
activities were left at OU5. Wood chips from these piles have been sold and given 
away for use as landscaping mulch in gardens, flowerbeds, playgrounds, etc. 

In October 2007, 100 bulk samples were collected from the wood chip piles. A subset 
(N=20) of these samples was analyzed for LA using a qualitative analysis method in 
accordance with site-specific SOP EPA-LIBBY-10. Results showed that LA was present 
in 5 of the 20 wood chip samples (CDM Smith 2008). However, results based on this 
qualitative analysis method do not provide information on whether or not 
disturbances of wood chips under typical residential disturbance scenarios would 
result in unacceptable inhalation exposures. Therefore, data are needed to provide 
information on LA concentrations in air resulting from disturbances of wood chip 
materials derived from the OU5 wood chip piles. 

4.1.2 Step 2: Identify the Goal of the Study 
The goal of this study is to collect ABS data that will be used to estimate exposure and 
risk from LA due to disturbances of wood chips derived from the OU5 wood chip 
piles. Results will be used by site managers to decide whether response actions are 
needed to protect individuals from unacceptable risks from LA in wood chips from 
OU5. Therefore, the principal study question to be evaluated is: 

Do concentrations of LA in air within the breathing zone of individuals that disturb 
OU5-derived wood chip materials exceed risk-based levels of concern? 

If measured concentrations of LA in air do not exceed acceptable levels for humans, 
both for cancer and non-cancer effects, then no action will be needed to protect 
individuals from inhalation exposures to LA resulting from wood chip disturbances. 
If estimated risks exceed acceptable limits for cancer and/or non-cancer, then the EPA 
will investigate a range of potential actions which might be helpful in reducing risks. 
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4.1.3 Step 3: Identify Information Inputs 
The following sections describe the types of information needed to meet the study 
goals. 

ABS Air Concentrations of LA 
The information needed to characterize human exposures consists of reliable 
measurements of LA concentrations in air under realistic and representative exposure 
scenarios that are characteristic of wood chip-disturbing activities engaged in by 
residents and individuals that work at residential properties in OU4. 

ABS Design 
There are several potential study designs that could be used to evaluate ABS for wood 
chips: 

1. Perform outdoor ABS at residential properties in OU4 where wood chips from OU5 have 
been used as landscape mulch. The advantage of this approach is that conditions are 
likely to be most representative of residential exposure conditions in OU4. The 
disadvantage of this approach is that there is the potential that wood chips could 
become contaminated after placement at the property; thus, any LA observed in 
ABS air may not be attributable to the wood chips, but other sources of LA at the 
property. 

2. Perform outdoor ABS at the wood chip piles in OU5. The advantage of this approach is 
that it provides a direct measure of LA in ABS air during disturbances of wood 
chip materials. The disadvantage of this approach is that it may be difficult to 
simulate a residential disturbance scenario on the wood chip piles. 

3. Perform outdoor ABS at a standardized location using wood chips obtained from OU5. 
The advantage of this approach is that it provides a direct measure of LA in ABS 
air during disturbances of wood chip materials under a controlled set of 
conditions that are representative of residential exposure conditions. A potential 
disadvantage of this approach is that local conditions could influence measured 
air concentrations, but this issue could be mitigated through the selection of the 
ABS area and use of appropriate control measures at the selected ABS area. 

Of these three potential study designs, it is likely that study design #3 will be the most 
feasible to implement for the purposes of conducting multiple sampling events on 
wood chip materials from multiple sub-locations under a standardized set of ABS 
scenarios. 

Disturbance Activities 
As noted above, wood chips have been used as landscape mulch in gardens and 
flowerbeds in OU4. People may disturb these wood chips during gardening activities. 
It is not feasible to evaluate every possible type of disturbance, so ABS should be 
performed using selected scenarios that are considered to be realistic and 
representative examples of disturbances in OU4. The two activity scenarios that are 
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considered to be realistic examples of relatively vigorous (high-end) disturbances of 
wood chip materials include: 

 Raking wood chips with a metal-tined leaf rake 

 Digging in the wood chips with a hand trowel or shovel 

Type of Air Sample 
As noted previously, asbestos sampling experience has demonstrated that personal 
air samples collected during soil-disturbance activities are more representative of 
breathing zone exposures and tend to have higher concentrations than stationary 
monitor air samples. Because of this, this study should focus on the collection of 
personal air samples during outdoor ABS. 

Target Analyte List 
ABS air samples should be analyzed for LA using TEM. Because asbestos toxicity 
depends on the particle size and mineral type, results should include the size 
attributes (length, width) of each asbestos structure observed, along with the mineral 
classification (e.g., LA, other amphibole). In addition, because it is possible that there 
could be various sources of LA present in the wood chip piles, information on the 
sodium and potassium content of each LA structure observed, as determined by EDS, 
should also be recorded. 

Wood Chip Concentrations of LA 
Because it may be useful to interpret ABS air data as a function of LA levels in the 
source material, it would be desirable to measure LA concentrations in the wood chip 
materials upon which ABS is conducted. Wood chip samples should be collected 
using a sampling design that allows for estimation of the average level of LA in the 
wood chip materials across the entire ABS area for each sampling event (i.e., a single 
multi-point composite sample or multiple single-point samples from which a mean 
can be calculated). Results should provide an estimate of the level, as structures per 
gram, of LA in wood chips. Therefore, wood chip materials should be analyzed for 
total LA by TEM. As discussed above, TEM results should include information on 
asbestos structure size attributes (length, width) and mineral classification (e.g., LA, 
other amphibole). In addition, the sodium and potassium content of each LA structure 
observed should be determined by EDS. 

Other Data 
Release of LA from wood chip materials into air is expected to depend on several 
environmental factors that may tend to vary over time. These environmental factors 
may include meteorological conditions, such as temperature, wind, and humidity. 
Release of LA from wood chip materials will also depend upon the moisture content 
of the wood chips (i.e., LA may be released more readily under drier conditions). It 
may be helpful to evaluate ABS air concentrations as a function of these factors to 
improve the ability to interpret air results as a function of these conditions. Therefore, 
meteorological weather station data should be downloaded from the NOAA station in 
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Libby for days when ABS activities are scheduled. In addition, moisture content 
should be measured for the wood chip materials. 

4.1.4 Step 4: Define the Bounds of the Study 
The following sections specify the geographic (spatial) and temporal boundaries of 
this study. 

Spatial Bounds 
Wood chip materials of interest in this study are from two piles located in OU5 of the 
Libby Asbestos Site. LA levels within each wood chip pile are likely to vary spatially. 
Because the goal of this study is to evaluate potential exposures to wood chips used as 
residential landscaping mulch, the dataset needed for this effort should ideally consist 
of multiple measurements from each pile, spanning a range of sub-locations within 
each pile. 

Temporal Bounds 
Because the level of LA in outdoor ABS air may depend on factors that vary 
seasonally (e.g., temperature, wind speed, humidity, etc.), the dataset needed for this 
effort should ideally consist of multiple ABS air samples on materials from each pile 
sub-location, spanning a range of time points and meteorological conditions. This will 
help ensure that reliable estimates of long-term average concentrations for each sub-
location may be computed from individual short-term measurements. 

In general, it is expected that human exposures to LA in outdoor air are more likely to 
occur when snow cover is limited or absent, and that releases will tend to be higher 
during dry than wet conditions. In order to help ensure that data are not biased low, 
ABS should be performed to summer months (July-September), when conditions for 
asbestos release are generally favorable. 

4.1.5 Step 5: Define the Analytic Approach 
ABS air data collected as part of this study will be used to estimate exposure from LA 
during wood chip disturbance activities that will determine if resulting risks are 
above a level of concern. The analytic approach for each intended data use is 
described below. 

Basic methods for estimating human health risk from LA in air were presented 
previously in Section 2.1.5. 

For the purposes of this evaluation, exposure and risk will be evaluated based on the 
mean PCME LA concentration in ABS air for each sub-location of the wood chip pile. 
This is because, in a residential setting, individuals are likely to be exposed to 
materials from smaller localized sub-locations within each wood chip pile and not the 
entire pile. 

If the cumulative cancer risk to an RME individual is less than 1E-04 and the non-
cancer HQ is less than 1, then it will be determined that potential risks are within 
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acceptable limits. However, risk managers may decide that a risk level lower than 1E-
04 is unacceptable if there are uncertainties in the risk assessment results (EPA 1991). 

4.1.6 Step 6: Specify Acceptance Criteria 
ABS data collected as part of this study can be used to support risk characterization to 
support risk management decision-making. As noted in Section 2.1.6, in making 
decisions about human health risks, two types of decision errors are possible – false 
negative and false positive. 

The EPA is most concerned about guarding against the occurrence of false negative 
decision errors, since an error of this type may leave humans exposed to unacceptable 
levels of LA. To minimize chances of underestimating the true amount of exposure 
and risk, the EPA generally recommends that risk calculations use the 95UCL of the 
sample mean, to limit the probability of a false negative decision error to no more 
than 5 percent (EPA 1992). However, because the 95UCL cannot presently be 
calculated with confidence for asbestos datasets, risk calculations will be based on the 
sample mean only, as recommended by the EPA (EPA 2008). This means that risk 
estimates may be either higher or lower than true values, and this will be identified as 
a source of uncertainty in the risk assessment. 

Although a false positive decision error does not result in unacceptable human 
exposure, it may result in unnecessary expenditure of resources. The risk of false 
positive decision errors can be minimized by increasing the number of samples. 
However, because it is not possible at present to quantify the uncertainty in the mean 
of an asbestos dataset as a function of the number of samples, it is not possible to 
calculate a minimum number of samples required to minimize the risk of false 
positive decision errors. 

4.1.7 Step 7: Develop the Plan for Obtaining Data 
Specific details on the study design that will yield data that address the specified 
DQOs are presented in Section 4.2 below. 

4.2 Study Design 
4.2.1 ABS Design 
As discussed above, there are several potential study designs that could be used to 
accomplish the ABS scenario. Because it is most feasible to implement, study design 
#3 (i.e., performing outdoor ABS at a standardized location using wood chip 
materials from piles in OU5) is selected as the preferred ABS design. 

All ABS activities will be conducted in OU5 at the site of the former plywood plant. 
This location was selected because it is located near the wood chip piles, is in an area 
with limited traffic, and ABS activities can be performed on an existing concrete slab. 

Enough wood chip material will be obtained from the OU5 piles such that a 100 
square feet (ft2) area (10 feet x 10 feet) can be covered to a depth of 6 inches. To 
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minimize potential cross-contamination, wood chip materials will be placed on a 
clean plastic tarp. The wood chip materials will be allowed to dry for at least 24 hours 
in a staging area before placement in the ABS area.  

All ABS activities will be conducted within the ABS area. Disturbance activities will 
be restricted to raking and digging scenarios. A single ABS air sample will be 
collected which represents a composite across both types of disturbance scenario (i.e., 
raking and digging) conducted at multiple locations within the ABS area. ABS 
personnel will perform digging with a long shovel for 10 minutes, raking activities for 
20 minutes, and digging with a trowel for 30 minutes (i.e., each ABS air sample has a 
total sampling duration of 1 hour). Digging activities will be conducted at multiple 
locations spread across the entire ABS area. Scenario script is included in Appendix A. 

4.2.2 Collection of Wood Chips for Use in ABS 
There are two wood chip piles located in OU5 (see Figure 4-1). LA levels within the 
wood chip piles are likely to vary spatially. As noted above, in a residential setting, 
individuals are likely to be exposed to materials from smaller localized sub-locations 
within each wood chip pile and not the entire pile. 

Because is it not known how variable LA levels may be within each pile, initially, 
wood chip materials from five sub-locations across the piles will be evaluated. To the 
extent feasible, these sub-locations will span a range of depths within each pile (as 
different sampling depths are likely to represent different tree sources and processing 
timeframes). At each sub-location, enough wood chip material should be obtained 
such that a 100 ft2 area can be covered to a depth of 6 inches. The need for additional 
sampling will depend upon the variability in LA levels between these five sub-
locations. 

4.2.3 Number of Air Samples 
As noted above, because it is not possible at present to quantify the uncertainty in the 
mean of an asbestos dataset as a function of the number of samples, it is not possible 
to calculate a minimum number of samples required to minimize decision errors. The 
uncertainty around the mean depends on sample size and on the underlying 
variability. 

No information is available on the expected variability in LA in ABS air during wood 
chip disturbances. To ensure that reliable estimates of long-term average 
concentrations may be computed from individual short-term measurements of ABS 
air concentrations during wood chip disturbance activities, multiple sampling events 
will be performed on materials from a specific sub-location. Initially, three sampling 
events will be performed on materials from each sub-location. The need for additional 
sampling will depend upon the variability of LA concentrations in ABS air between 
these sampling events.  
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4.2.4 ABS Air Sample Collection 
ABS air samples will be collected in accordance with general sample collection 
procedures described in Section 7.2.1. 

During each sampling event, each ABS personnel will wear two different sampling 
pumps – a HV pump and a LV pump – to allow for the collection of two “replicate” 
filters (i.e., each filter represents the same sample collection duration, but different 
total sample air volumes). The appropriate flow rate for each sampling pump will be 
optimized to achieve the highest sample air volume possible without causing the filter 
to become overloaded. Initially, the HV pump flow rate will be 5.5 L/min and the LV 
pump flow rate will be 2 L/min. This will result in sample volumes of 330 L and 120 
L, respectively. Only one of the two resulting air samples will be selected for analysis 
(see Section 8.3.3). 

4.2.5 ABS Air Sample Analysis 
Analytical Method 
ABS air samples collected as part of this effort will be prepared and analyzed for LA 
using TEM. Detailed information on the analysis requirements and counting rules is 
provided in Section 8.3. 

TEM Stopping Rules 
In general, three alternative stopping rules are specified to ensure ABS air data 
collected by TEM analysis are adequate: 

1. The target analytical sensitivity to be achieved 

2. A maximum number of structures to be counted 

3. A maximum area of filter to be examined 

Basic methods for establishing each stopping rule were presented previously in 
Section 2.2.5. The basis for each of these values for this study is presented below. 

Target Analytical Sensitivity 
The exposure parameters needed to calculate TWF are not known with certainty, so 
the following RME exposure parameters for a residential wood chip-disturbance 
scenario were selected based on professional judgment: 

 EPA (1997) identifies an RME value of 7.8 hours per day (from Table 15-92) for 
time spent doing yard work. It was assumed that only a portion of time spent 
doing yard work would involve activities that disturb wood chips, thus the 
exposure time parameter was assumed to be 2 hours per day. 

 Site-specific data on the frequency of outdoor yard care activities were not located, 
but the EPA (EPA 1992) recommends assuming about 1-2 days per week during 
warm weather. In Libby, assuming outdoor yard work is likely to occur mainly 
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between May and September (about 20 weeks per year), the RME exposure 
frequency parameter for the number of days per year spent doing yard work that 
would involve wood chip disturbance activities was estimated to be about 40 
days. 

 At present, no site-specific data exist that provide information on the exposure 
duration of area residents. In the absence of data, a conservative value of 50 years 
was assumed. 

Based on these exposure parameters, the TWF is 0.0076 (2/24 · 40/365 · 50/60 = 
0.0076). Based on these values, the RBC for cancer is 0.0077 LA PCME s/cc and the 
RBC for non-cancer is 0.0013 LA PCME s/cc. Because the non-cancer RBC is lower 
than the cancer RBC, the non-cancer RBC is used to derive the target analytical 
sensitivity. Therefore, the target analytical sensitivity for this study is 0.00044 cc-1. 

Maximum Number of LA Structures 
As shown in Figure 2-1, above about 25 structures, there is little change in the relative 
uncertainty as a consequence of Poisson variability. Therefore, the count-based 
stopping rule for TEM will utilize a maximum structure count of 25 PCME LA 
structures. 

Maximum Area to be Examined 
Assuming that the HV filter is able to be prepared directly (i.e., f = 1), about 260 grid 
openings would need to be examined for each ABS air sample to achieve the target 
analytical sensitivity. If the LV filter is able to be prepared directly, about 730 grid 
openings will need to be examined. In order to limit the maximum effort expended on 
any one sample in the event that an indirect preparation is necessary, a maximum 
area examined of 20 mm2 is identified for this sampling program. Assuming that each 
grid opening has an area of about 0.01 mm2, this would correspond to about 2,000 
grid openings. 

Summary of TEM Stopping Rules 
The TEM stopping rules for ABS air samples in this study will be as follows: 

1. Count a minimum of two grid openings from each of two grids. 

2. Continue counting until one of the following is achieved: 

 a. The target analytical sensitivity (0.00044 cc-1) is achieved. 

 b. 25 PCME LA structures have been recorded. 

 c. A total filter area of 20 mm2 has been examined (this is approximately 
2,000 grid openings). 

When one of these criteria has been satisfied, complete the examination of the final 
grid opening and stop. 
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4.2.6 Wood Chip Samples for Analysis 
After the wood chips have been placed in the ABS area, a single 30-point composite 
wood chip sample will be collected before each ABS event. At the time of collection, 
the amount of visible vermiculite (none, low, intermediate, high) at each sampling 
point will be recorded by field sampling personnel, using methods similar to those 
presented in SOP CDM-LIBBY-06. 

4.2.7 Wood Chip Sample Analysis 
All wood chip samples will be archived for possible future analysis pending review of 
the ABS air results. If it is determined that analysis of the wood chip samples is 
desired, the following subsections specify the sample preparation and analysis 
methods that should be utilized. 

Analytical Method 
LA levels in each wood chip sample will be measured by TEM following the sample 
preparation methods in SOP DUFF-LIBBY-OU3 (Revision 0). Detailed information on 
the preparation methods, analysis requirements, and counting rules are provided in 
Section 8.2. 

TEM Stopping Rules 
Because data are not available on expected LA concentrations in ABS air as a function 
of LA levels in wood chips, it is not possible to determine the analytical sensitivity 
needed for the TEM analysis of wood chip samples. Therefore, the default sensitivity 
and TEM stopping rules proposed in SOP DUFF-LIBBY-OU3 (Revision 0) will be 
used. That is, the TEM stopping rules will be as follows: 

1. Count a minimum of two grid openings from each of two grids. 

2. Continue counting until one of the following is achieved: 

 a. The target analytical sensitivity (1E+07 g-1) is achieved. 

 b. 50 total LA structures have been recorded. 

 c. 100 grid openings have been examined (this is approximately a total filter area 
of 1.0 mm2). 

When one of these criteria has been satisfied, complete the examination of the final 
grid opening and stop. 

 



 

  5-1 

Miscellaneous ABS SAP – Revision 2 

Section 5 
Scenario 4: Tradesperson Indoor ABS 
The following sections summarize the objective and proposed study design for the 
Tradesperson Indoor ABS scenario.  

5.1 Objectives 

Previous investigations conducted at the Site have demonstrated that LA may be 
present in insulation and building materials in residential and commercial properties 
in Libby. EPA has performed some indoor ABS as part of the Phase 2 investigation 
(EPA 2006) to measure the concentration of LA released into air during simulated 
tradesperson activities that disturb insulation and building materials (e.g., cutting 
holes in walls and ceilings, carpet removal).  In addition, H&S monitoring samples of 
EPA workers engaged in various types of indoor disturbance activities in Libby 
properties also provide relevant data on resulting LA concentrations in air during 
these types of disturbances.  These data indicate that indoor activities that disturb 
insulation and building materials have the potential to release LA into air at 
concentrations that are above a level of concern. Thus, local trades people that work at 
properties in OU4 may be exposed to LA that is released to air during these types of 
indoor disturbance activities, and these inhalation exposures may pose a risk of 
cancer and/or non-cancer effects. 

The H&S monitoring samples provide extensive data on indoor worker exposures 
spanning a range of time, disturbance activities, and locations in OU4. Therefore, EPA 
has determined that additional sampling to collect indoor ABS data under simulated 
tradesperson activity scenarios is not necessary. 

However, most H&S monitoring samples are only analyzed by PCM, since this is the 
basis of the Occupational Safety and Health Administration exposure limits to which 
H&S monitoring results are compared. PCM has some potential limitations, including 
the inability to distinguish between asbestos and non-asbestos fibers, between 
different mineral classes of asbestos, or to visualize very thin fibers (<0.25 um). In 
contrast, TEM can distinguish between asbestos and non-asbestos fibers, can 
distinguish between asbestos mineral types, and can also identify fibers smaller than 
those visible by PCM. For this reason, EPA generally recommends using TEM for the 
purposes of estimating exposure and risk in human health risk assessment. 

The purpose of this study is to select a subset of available H&S monitoring samples 
for analysis by TEM to support an evaluation of potential exposure and risk to local 
trades people from inhalation of LA in indoor air as a consequence of disturbances of 
insulation and building materials in OU4.   
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5.2 Study Design 

5.2.1 Selection Criteria 

There are more than 8,000 H&S monitoring samples that have been collected in OU4 
in support of the Libby project since EPA began cleanup activities in 2000.  The 
following sections describe the selection criteria that will be used to identify the 
subset of H&S monitoring samples that will be analyzed as part of this study. 

Types of H&S Monitoring Samples 

Asbestos sampling experience has demonstrated that personal air samples are more 
representative of breathing zone exposures than stationary monitor air samples. 
Because of this, only H&S monitoring samples collected using personal air monitors 
will be included for selection.  

In general, two types of H&S personal air monitoring samples are collected – a time-
weighted average (TWA) sample and an excursion (EXC) sample.  A TWA sample is 
collected for the duration of the work activity, whereas an EXC sample is collected 
over a shorter interval (usually 30 minutes) and intended to be representative of 
maximum exposures for the work activity. Because the goal of this study is to obtain 
data that will be relevant to support estimates of long-term exposures, only TWA 
samples will be included for selection. 

The objective of this study is to characterize exposures during indoor disturbance 
activities in OU4 properties, therefore H&S monitoring samples collected during 
outdoor activities will be excluded from selection.  Samples collected inside vehicles 
will also be excluded from selection. 

Types of Disturbance Activities 

Local trades people may disturb LA source materials in OU4 by a wide variety of 
activities. The available H&S monitoring samples are representative of a wide range 
of indoor worker disturbance activities, ranging from high-intensity activities, such as 
wall demolition and insulation removal, to low-intensity activities, such as property 
inspection and “wall-scoping” by project inspection staff.  

For the purposes of this study, available H&S monitoring samples will be reviewed 
and samples will be selected to represent the full range of potential disturbance 
activities, including low intensity disturbances, such as wet-wiping/HEPA-
vacuuming living spaces and attic detailing, and high intensity disturbances, such as 
removal of bulk insulation and demolition.  

Types of Properties 

The purpose of analyzing these H&S monitoring samples is to provide data that can 
be used to evaluate potential exposures to trades people in Libby for the purposes of 
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supporting the human health risk assessment. The goal of the human health risk 
assessment is to evaluate risks based on current conditions, as well as expected future 
conditions (i.e., not past conditions).  As such, H&S monitoring samples should be 
selected to be representative of exposure conditions that are reasonably expected to 
present in properties in OU4 in 2011 and beyond.   

Since 2000, EPA has conducted both interior and exterior property cleanups at the 
Libby site to address LA contamination. Therefore, H&S monitoring samples collected 
more recently are likely to be most representative of property conditions that could 
reasonably be encountered by current/future trades people in OU4. On this basis, 
only H&S monitoring samples collected in the past 3 years (i.e., January 1, 2009 to 
December 31, 2011) from properties within OU4 will be included for selection. 

To the extent feasible, selected H&S monitoring samples should be representative of 
properties spanning the full range of expected indoor contamination conditions 
currently present in OU4. Thus, samples will be selected so that a range of H&S PCM 
concentrations are represented.  

Other Criteria 

EPA has conducted several investigations to collect data that characterize potential 
asbestos contamination sources for properties in OU4.  Because it will be useful to 
utilize data on the nature and extent of asbestos sources in the interpretation of H&S 
monitoring data, samples from properties where potential asbestos sources have been 
well-characterized (i.e., data for bulk insulation, dust, soil, indoor ABS and/or 
property surveys are available) will be selected preferentially to samples from 
properties that have limited information on potential asbestos sources. 

5.2.2 Candidate Samples 

The selection criteria described above were used to query the Libby project databases 
(Libby2 database for samples collected in 2009 and Scribe project databases for 
samples collected in 2010-2011) for candidate H&S monitoring samples.  Appendix G 
presents the full list of the 342 candidate H&S monitoring samples that were 
identified.  From this list, a total of 40 H&S monitoring samples were selected for 
supplemental analysis.  Table 5-1 presents the selected samples.  In the event that the 
selected sample cannot be located or is not suitable for analysis (e.g., filter is 
damaged), a list of 34 alternate samples is provided in Table 5-2. 

5.2.3 Sample Analysis 

Analytical Method 

Previous indoor ABS results at the Libby site (EPA 2006) have shown that use of PCM 
will usually tend to overestimate concentrations during activities that disturb 
asbestos-containing source material, especially in residential environments, since a 
number of non-asbestos fibers will be included. Therefore, ABS air samples will be 
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Scribe 302 California Ave 4 2R‐04894 Field Sample 4/7/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.011

Scribe 451 Farm To Market Rd 4 2R‐11085 Field Sample 6/29/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.025

Scribe 171 My Rd 4 2R‐13703 Field Sample 10/11/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.015

Libby2 582 Reserve Rd 4 2R‐05198 Field Sample 5/13/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.057

Scribe 171 My Rd 4 2R‐13567 Field Sample 10/12/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.081

Scribe 117 Dale St 4 2R‐14664 Field Sample 6/7/11 Personal TWA Indoor Bulk removal Bulk Removal 0.064

Scribe 117 Dale St 4 2R‐14665 Field Sample 6/7/11 Personal TWA Indoor Bulk removal Bulk Removal 0.045

Libby2 582 Reserve Rd 4 2R‐05193 Field Sample 5/13/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.94

Libby2 582 Reserve Rd 4 2R‐05194 Field Sample 5/13/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.2

Scribe 214 Mineral Ave 4 2R‐13214 Field Sample 10/9/10 Personal TWA Indoor Bulk Removal Bulk Removal 14

Libby2 1302 Airth Ave 4 2R‐06850 Field Sample 7/22/09 Personal TWA Indoor Demolition Indoor Demolition 0.02

Scribe 302 California Ave 4 2R‐04915 Field Sample 4/9/10 Personal TWA Indoor Demolition Demolition 0.005

Scribe 302 California Ave 4 2R‐05776 Field Sample 4/12/10 Personal TWA Indoor Demolition Demolition 0.009

Libby2 218 Mineral Ave 4 2R‐00599 Field Sample 1/20/09 Personal TWA Indoor Demolition Demolition 0.042

Libby2 1302 Airth Ave 4 2R‐06854 Field Sample 7/22/09 Personal TWA Indoor Demolition Indoor Demolition 0.1

Scribe 719 Wisconsin Ave 4 2R‐13732 Field Sample 10/14/10 Personal TWA Indoor Demolition Demolition 0.06

Scribe 807 Louisiana Ave 4 2R‐13868 Field Sample 2/17/11 Personal TWA Indoor Demolition Demolition 0.064

Scribe 719 Wisconsin Ave 4 2R‐13729 Field Sample 10/14/10 Personal TWA Indoor Demolition Demolition 0.8

Scribe 719 Wisconsin Ave 4 2R‐13731 Field Sample 10/14/10 Personal TWA Indoor Demolition Demolition 1

Scribe 807 Louisiana Ave 4 2R‐13865 Field Sample 2/16/11 Personal TWA Indoor Demolition Demolition 0.14

Scribe 117 Dale St 4 2R‐14677 Field Sample 6/8/11 Personal TWA Indoor Detailing attic Detailing attic 0.027

/ /

TABLE 5‐1. H&S MONITORING SAMPLES SELECTED FOR SUPPLEMENTAL ANALYSIS

Scribe 117 Dale St 4 2R‐14686 Field Sample 6/9/11 Personal TWA Indoor Detailing attic Detailing attic 0.018

Scribe 416 W 6th St 4 3R‐01470 Field Sample 8/22/11 Personal TWA Indoor Detailing attic Detailing attic 0.026

Scribe 287 Park St 4 3R‐02927 Field Sample 10/27/11 Personal TWA Indoor Detailing attic Detailing attic 0.021

Libby2 221 W Larch St 4 2R‐04980 Field Sample 5/7/09 Personal TWA Indoor Attic : Detailing Detailing attic 0.031

Libby2 232 Farm To Market Rd 4 2R‐06558 Field Sample 7/9/09 Personal TWA Indoor Attic Detailing Detailing attic 0.041

Scribe 117 Dale St 4 2R‐14683 Field Sample 6/9/11 Personal TWA Indoor Detailing attic Detailing attic 0.036

Libby2 582 Reserve Rd 4 2R‐05201 Field Sample 5/13/09 Personal TWA Indoor Attic : Detailing Detailing attic 0.37

Scribe 416 W 6th St 4 3R‐01468 Field Sample 8/22/11 Personal TWA Indoor Detailing attic Detailing attic 0.39

Scribe 416 W 6th St 4 3R‐01471 Field Sample 8/22/11 Personal TWA Indoor Detailing attic Detailing attic 0.86

Libby2 34256 US Highway 2 4 2R‐04934 Field Sample 5/4/09 Personal TWA Indoor Interior  Wet wipe/HEPA vac living space 0.021

Scribe 214 Mineral Ave 4 2R‐13744 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.024

Scribe 214 Mineral Ave 4 2R‐13746 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.017

Libby2 37932 US Highway 2 4 2R‐05008 Field Sample 5/8/09 Personal TWA Indoor Interior : Cleaning Wet wipe/HEPA vac living space 0.063

Scribe 222 Mineral Ave 4 2R‐12285 Field Sample 10/16/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.055

Scribe 222 Mineral Ave 4 2R‐12288 Field Sample 10/16/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.12

Scribe 222 Mineral Ave 4 2R‐12275 Field Sample 10/16/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.81

Scribe 214 Mineral Ave 4 2R‐13216 Field Sample 10/9/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 8.6

Scribe 214 Mineral Ave 4 2R‐13266 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.19

Scribe 214 Mineral Ave 4 2R‐13745 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.23

PCM = phase contrast microscopy EXC = excursion f/cc = fibers per cubic centimeter

TWA = time‐weighted average QC = quality control
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Libby2 152 Dolphin Way 4 2R‐08432 Field Sample 9/2/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.027

Scribe 803 Idaho Ave 4 2R‐10387 Field Sample 6/3/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.012

Scribe 171 My Rd 4 2R‐13551 Field Sample 10/12/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.014

Libby2 1420 Idaho Ave 4 2R‐09275 Field Sample 10/21/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.035

Scribe 658 W 2nd St 4 2R‐11134 Field Sample 7/20/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.09

Scribe 65 Burr Ave 4 3R‐02342 Field Sample 10/13/11 Personal TWA Indoor Bulk removal Bulk Removal 0.12

Libby2 31425 US Highway 2 4 2R‐05861 Field Sample 6/8/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.25

Libby2 714 E 6th St 4 2R‐05417 Field Sample 5/26/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.25

Libby2 582 Reserve Rd 4 2R‐05197 Field Sample 5/13/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.22

Libby2 218 Mineral Ave 4 2R‐04706 Field Sample 1/21/09 Personal TWA Indoor Demo Demolition 0.024

Libby2 611 Wisconsin Ave 4 2R‐06598 Field Sample 7/20/09 Personal TWA Indoor Demolition Indoor Demolition 0.019

Scribe 302 California Ave 4 2R‐05800 Field Sample 4/15/10 Personal TWA Indoor Demolition Demolition 0.004

Libby2 36262 US Highway 2 4 2R‐04838 Field Sample 7/28/09 Personal TWA Indoor Demolition Indoor Demolition 0.11

Libby2 1248 Nevada Ave 4 2R‐08693 Field Sample 9/28/09 Personal TWA Indoor Demolition Indoor Demolition 0.073

Scribe 302 California Ave 4 2R‐08997 Field Sample 4/28/10 Personal TWA Indoor Demolition Demolition 0.044

Libby2 611 Wisconsin Ave 4 2R‐06600 Field Sample 7/21/09 Personal TWA Indoor Demolition Indoor Demolition 1.4

Scribe 302 California Ave 4 2R‐04917 Field Sample 4/9/10 Personal TWA Indoor Demolition Demolition 0.51

Scribe 226 Spencer Rd 4 2R‐13833 Field Sample 12/9/10 Personal TWA Indoor Demolition Demolition 1.7

Libby2 221 W Larch St 4 2R‐04972 Field Sample 5/6/09 Personal TWA Indoor Attic : Detailing Detailing attic 0.022

Scribe 117 Dale St 4 2R‐14680 Field Sample 6/8/11 Personal TWA Indoor Detailing attic Detailing attic 0.011

TABLE 5‐2. ALTERNATE H&S MONITORING SAMPLES FOR SUPPLEMENTAL ANALYSIS

Scribe 287 Park St 4 3R‐02914 Field Sample 10/26/11 Personal TWA Indoor Detailing attic Detailing attic 0.011

Libby2 232 Farm To Market Rd 4 2R‐06561 Field Sample 7/9/09 Personal TWA Indoor Attic Detailing Detailing attic 0.055

Scribe 117 Dale St 4 2R‐14678 Field Sample 6/8/11 Personal TWA Indoor Detailing attic Detailing attic 0.036

Scribe 117 Dale St 4 2R‐14684 Field Sample 6/9/11 Personal TWA Indoor Detailing attic Detailing attic 0.032

Libby2 232 Farm To Market Rd 4 2R‐06559 Field Sample 7/9/09 Personal TWA Indoor Attic Detailing Detailing attic 0.2

Libby2 34256 US Highway 2 4 2R‐04933 Field Sample 5/4/09 Personal TWA Indoor Cleaning Wet wipe/HEPA vac living space 0.019

Scribe 302 California Ave 4 2R‐09036 Field Sample 5/4/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.006

Scribe 302 California Ave 4 2R‐09039 Field Sample 5/4/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.007

Libby2 37932 US Highway 2 4 2R‐05004 Field Sample 5/8/09 Personal TWA Indoor Interior : Cleaning Wet wipe/HEPA vac living space 0.094

Libby2 37932 US Highway 2 4 2R‐05010 Field Sample 5/8/09 Personal TWA Indoor Interior : Cleaning Wet wipe/HEPA vac living space 0.071

Scribe 214 Mineral Ave 4 2R‐13268 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.098

Scribe 222 Mineral Ave 4 2R‐12278 Field Sample 10/16/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.92

Scribe 214 Mineral Ave 4 2R‐13262 Field Sample 10/9/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 1.3

Scribe 214 Mineral Ave 4 2R‐13272 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.34

PCM = phase contrast microscopy EXC = excursion f/cc = fibers per cubic centimeter

TWA = time‐weighted average QC = quality control



Section 5 
Scenario 4: Tradesperson Indoor ABS 

 

  5-4 

Miscellaneous ABS SAP 

analyzed for LA using TEM. However, because the exposure estimates used in risk 
assessment are compared toxicity values that are derived from PCM analyses, TEM 
results need to be reported as PCME concentrations. In order to determine the PCME 
concentration, results for ABS air samples should include the size attributes (length, 
width) of each asbestos structure observed.  In addition, because it is possible that 
building materials may be contaminated with more than one type of asbestos, the 
mineral classification (LA, other amphibole, chrysotile), as determined by selective 
area electron diffraction (SAED) patterns and energy dispersive X-ray analysis 
(EDXA) spectra, should be reported for each asbestos structure observed. 

Detailed information on the analysis requirements and counting rules are provided in 
Section 8.3. 

TEM Stopping Rules 

Three alternative stopping rules are specified to ensure ABS air data collected by TEM 
analysis are adequate: 

1. The target analytical sensitivity to be achieved 

2. A maximum number of structures to be counted 

3. A maximum area of filter to be examined 

Basic methods for establishing each stopping rule were presented previously in 
Section 2.2.5. The basis for each of these values for this study is presented below. 

Target Analytical Sensitivity 

The exposure parameters needed to calculate TWF are not known with certainty, so 
the following RME exposure parameters were selected based on EPA default values 
for occupational workers (EPA 1991b) and on professional judgment: 

 The exposure time (ET) parameter of 4 hours was based on an assumption that 
half of an 8-hour work day may be spent disturbing insulation and building 
materials. 

 The exposure frequency (EF) parameter was based on the EPA default of 250 
working days per year (EPA 1991b).   

 At present, no site-specific data exist that provide information on the exposure 
duration (ED) of trades people. In the absence of data, a value of 25 years was 
assumed. 

Based on these exposure parameters, the TWF for non-cancer is 0.0304 (4/24 · 250/365 
· 25/60 = 0.0476) and the TWF for cancer is 0.0304 (4/24 · 250/365 · 25/70 = 0.0408). 
Based on this TWF, the RBC for cancer is 0.0014 LA PCME s/cc and the RBC for non-
cancer is 0.00042 LA PCME s/cc.  Because the non-cancer RBC is lower than the 
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cancer RBC, the non-cancer RBC is used to derive the target analytical sensitivity.  
Based on a target structure count of 3, the target analytical sensitivity for this study is 
calculated to be 0.00014 cc-1. 

Maximum Number of LA Structures 

As shown in Figure 3-1, above about 25 structures, there is little change in the relative 
uncertainty as a consequence of Poisson variability. Therefore, the count-based 
stopping rule for TEM will utilize a maximum structure count of 25 PCME LA 
structures. 

Maximum Area to be Examined 

The sample air volumes for TWA H&S monitoring samples will vary depending upon 
the duration of the work activity. Typically, these samples will have air volumes of 
about 120-480 liters (based on a sample duration of 2-4 hours at a typical flow rate of 2 
liters/minute). Assuming that the filter is able to be prepared directly (i.e., f = 1), 
about 500-1,700 grid openings would need to be examined for each H&S air sample to 
achieve the target analytical sensitivity. In order to limit the maximum effort 
expended on any one sample, a maximum area examined of 20 mm2 is identified for 
this project. Assuming that each grid opening has an area of about 0.01 mm2, this 
would correspond to about 2,000 grid openings.  

Summary of TEM Stopping Rules 

The TEM stopping rules for this study will be as follows: 

1. Count a minimum of two grid openings from each of two grids. 

2. Continue counting until one of the following is achieved: 

a. The target analytical sensitivity (0.00014 cc-1) is achieved. 

b. 25 PCME LA structures have been observed. 

c. A total filter area of 20 mm2 has been examined (this is approximately 
2,000 grid openings). 

When one of these criteria has been satisfied, complete the examination of the final 
grid opening and stop. 
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Section 6 
Scenario 5: Background Soil ABS 
The following sections summarize the DQOs and proposed sampling design for the 
Background Soil ABS sampling scenario.  

6.1 Data Quality Objectives 
The following sections implement the seven-step DQO process for this sampling 
scenario. 

6.1.1 Step 1: State the Problem  
Previous investigations conducted at the Libby Site have demonstrated that LA may 
be present in soils at some residential properties in Libby. As a result, residents and 
individuals that work at residential properties in Libby may be exposed to LA that is 
released to air during soil disturbance activities. These inhalation exposures may pose 
a risk of cancer and/or non-cancer effects. 

The EPA has performed extensive outdoor ABS at the Site, seeking to characterize 
airborne levels of LA that occur in association with soil disturbance activities. In some 
cases, these studies have detected LA structures in ABS air samples collected in 
locations where the soil does not appear to be contaminated based on site knowledge, 
PLM analysis, or visible vermiculite ranking (EPA 2010a). This raises the possibility 
that there is some non-zero level of LA in soils of the Libby Valley which are not 
attributable to anthropogenic releases from vermiculite mining and processing 
activities. If so, it is important for risk managers to have information on the exposure 
and risk from LA due to disturbances of background soil so they can provide a frame 
of reference in the interpretation of estimated site risks. In addition, it is also 
important for risk managers to gather data on the nature and magnitude of these 
naturally-occurring levels to help provide information on the nature and extent of 
potential Site-related contamination. Therefore, data are needed to provide 
information on measured outdoor ABS air concentrations and soil levels of LA at 
locations that are representative of background soil conditions at the Libby site. 

6.1.2 Step 2: Identify the Goal of the Study  
There are two goals for this study. The first goal is to collect information on the nature 
and magnitude of LA in soils that are representative of background conditions at the 
Libby site. Results will be used by site managers to help determine the nature and 
extent of potential site-related contamination. Therefore, the principal study question 
to be evaluated is: 

Is LA present in background soils? If so, what is the nature (e.g., chemical 
composition) and magnitude (e.g., concentration) of LA in background soils? 

If LA is detected in background soils, then this would support the conclusion that 
there is LA in Libby Valley soil that is not attributable to anthropogenic releases from 
vermiculite mining and processing activities.  
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The second goal of this study is to collect outdoor ABS data that will be used to 
estimate exposure and risk from LA due to disturbances of background soil. 
Therefore, another principal study question to be evaluated is: 

What are the cancer risks and non-cancer hazards for individuals that inhale LA in air 
that has been released from background soils during disturbance activities? 

Results will be used by risk managers to provide a frame of reference in the 
interpretation of risks for the Libby site.  

6.1.3 Step 3: Identify Information Inputs  
The following sections describe the types of information needed to meet the study 
goals. 

Soil Concentrations of LA  

Measured data are needed on the concentration of LA in background soils. Soil 
samples should be collected using a sampling design that allows for estimation of the 
average level of LA in the soil (i.e., a single multi-point composite sample or multiple 
single-point samples from which a mean can be calculated). Results should provide 
an estimate of the level (e.g., mass percent [wt%], asbestos structures per gram of soil 
[s/g]) of LA in soil. 

If present, LA levels in background soils are likely to be low (<0.1%), thus analysis by 
PLM is likely to be uninformative. As noted previously, preliminary method 
performance evaluations show that TEM analyses of soil prepared using the FBAS 
method were able to reliably quantify LA concentrations of 0.005% and lower in soil 
(Januch et al. 2011). Therefore, soils from background areas should be analyzed for 
asbestos by TEM after preparation using the FBAS method. Because it is possible that 
the type of LA in background soils, if present, may be different from the type of LA 
derived from the Libby ore body at the mine site, results should include the size 
attributes (length, width) of each asbestos structure observed, along with the mineral 
classification (LA, other amphibole, chrysotile). In addition, information on the 
sodium and potassium content of each LA structure observed, as determined by EDS, 
should also be recorded. 

In addition, field-based visual estimates of the level of vermiculite in soil should be 
recorded for each background soil sample. These visual estimates can be used to 
provide information on the relative level of LA in soil (e.g., a weighted “score”), but 
do not provide absolute concentration estimates. 

ABS Air Concentrations of LA  

The information needed to characterize human exposures consists of reliable 
measurements of LA concentrations in air under realistic and representative exposure 
scenarios that are characteristic of soil-disturbing activities at locations that are 
representative of background soil conditions. 
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ABS Design 

There are two potential study designs that could be used to evaluate ABS for 
background soils: 

1) Perform outdoor ABS at each background area. The advantage of this approach is 
that it provides a direct measure of LA in ABS air during disturbances of 
background soils. A potential disadvantage of this approach is that it may be 
difficult to access and conduct representative ABS in areas that are 
representative of background (i.e., often locations are remote). 

2) Perform outdoor ABS at a standardized location using soil obtained from each 
background area. The advantage of this approach is that it provides a direct 
measure of LA in ABS air during disturbances of background soils under a 
controlled set of conditions. In addition, this approach has the advantage that 
ABS can be conducted in any season at any standardized location (i.e., it is not 
necessary that ABS be conducted in Libby during the field season). A potential 
disadvantage of this approach is that local conditions could influence 
measured air concentrations, but this issue could be mitigated through the 
selection of the ABS area and use of appropriate control measures at the 
selected ABS area. 

Of these three potential study designs, it is likely that the latter approach (i.e., the ex 
situ design) will be the most feasible to implement for the purposes of conducting 
multiple sampling events on soils from multiple background areas under a 
standardized set of ABS conditions.  

Disturbance Activities  

People may disturb soil or other LA source materials by a wide variety of different 
activities. It is not feasible to evaluate every possible type of disturbance, so ABS 
should be performed using selected scenarios that are considered to be realistic and 
representative examples of disturbances at the Site, in particular, residential 
disturbance activities in OU4. Previous outdoor ABS efforts at residential yards in 
OU4 included relatively vigorous (high-end) disturbances, such as raking the lawn 
with a metal-tined leaf rake, digging in the soil with a shovel, and mowing the lawn.  

This sampling program should use an ABS disturbance scenario that has a high 
probability of resulting in measureable ABS air concentrations of LA, if it is present. 
Outdoor ABS results from 2007/2008 show that a digging scenario, simulating a child 
playing in the dirt, tended to have the highest reported ABS air concentrations of LA 
relative to the other soil disturbance scenarios (i.e., mowing or raking) (EPA 2010a). 
Therefore, this sampling program should utilize a similar digging disturbance 
scenario.  
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Type of Air Sample 

As noted previously, asbestos sampling experience has demonstrated that personal 
air samples collected during source-disturbance activities are more representative of 
breathing zone exposures and tend to have higher concentrations than stationary 
monitor air samples. Because of this, this study should focus on the collection of 
personal air samples during ABS.  

Target Analyte List  

ABS air samples should be analyzed for asbestos using TEM. As noted above, because 
it is possible that the type of LA in background soils, if present, may be different from 
the type of LA derived from the Libby ore body at the mine site, results should 
include the size attributes (length, width) of each asbestos structure observed, along 
with the mineral classification (LA, other amphibole, chrysotile). In addition, 
information on the sodium and potassium content of each LA structure observed, as 
determined by EDS, should also be recorded. 

Other Data 

Release of LA from soil into air is expected to depend on several environmental 
factors that may tend to vary over time. These factors may include meteorological 
conditions (temperature, wind) and soil conditions (soil moisture). It may be helpful 
to evaluate ABS air concentrations as a function of these environmental factors to 
improve the ability to interpret air results as a function of soil conditions. Therefore, 
measurements of soil moisture should be estimated at the time ABS is conducted. In 
addition, meteorological weather station data should be downloaded from the NOAA 
station in Libby for days when ABS activities are scheduled. 

6.1.4 Step 4: Define the Bounds of the Study  
The following sections specify the geographic (spatial) and temporal boundaries of 
this study. 

Spatial Bounds  

The spatial bounds of this study should be restricted to areas that are representative 
of background conditions in surficial soil (0- to 6-inch depth increment) in OU4 of the 
Libby Site.  

Temporal Bounds  

Because the level of LA in outdoor ABS air may depend on factors that vary 
seasonally (e.g., soil moisture, wind speed, humidity), the dataset needed for this 
effort should ideally consist of multiple samples from each background area, 
spanning a range of time points and meteorological conditions. This will help ensure 
that reliable estimates of long-term average concentrations may be computed from 
individual short-term measurements.  
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In general, it is expected that human exposures to LA in outdoor air are more likely to 
occur when snow cover is limited or absent, and that releases will tend to be higher 
during dry than wet conditions. Thus, ABS should be performed in summer months 
(July-September), when conditions for asbestos release are generally favorable. ABS 
sampling should not occur if rainfall in the past 36 hours has exceeded ¼ inch. ABS 
sampling should not occur if there is standing water present or if the average 
volumetric water content is greater than 30% via field probe instrumentation. 

6.1.5 Step 5: Define the Analytic Approach  
Soil and ABS air data collected as part of this study will be used to determine if LA is 
present in background soils. If LA is present, these data can also be used to support 
evaluations of the nature and extent of potential site-related contamination at the 
Libby site. The ABS data can also be used to estimate exposure and risk from 
disturbances of background soils to provide a frame of reference in the interpretation 
of risks for the Libby site. The analytic approach for each intended data use is 
described below. 

Nature and Extent Evaluations 

Nature and extent evaluations may be made using a variety of methods, ranging from 
simple visual comparisons using graphical plots to spatial maps. There is no 
statistically valid approach for making comparisons of asbestos datasets that cannot 
be pooled; therefore, these types of comparisons will rely upon graphical and spatial 
presentations. 

Risk Calculations 

Basic methods for estimating human health risk from LA in air were presented 
previously in Section 2.1.5. Exposure and risk will be evaluated based on the 
measured PCME LA concentration in ABS air for each background area. Estimated 
risks will be compared to calculated risks at the Libby site from soil-disturbance 
activities to provide a frame of reference in the interpretation of risks for the Site. 

6.1.6 Step 6: Specify Acceptance Criteria  
 

Nature and Extent Evaluations 

When making statistical comparisons between two datasets, the goal is to be able to 
have adequate power to reject the null hypothesis if the difference between the 
datasets is greater than some specified level. However, because there is no statistically 
valid approach for making comparisons of asbestos datasets, and because there is no 
information on the underlying variability within each dataset, it is not possible to 
calculate the number of samples required to achieve a desired statistical power.  

 

 



Section 6 
Scenario 5: Background Soil ABS 

 

  6-6 

Miscellaneous ABS SAP – Revision 2 

Risk Calculations 

ABS data collected as part of this study can be used to support risk management 
decision-making. As noted previously in Section 2.1.6, in making decisions about 
human health risks, two types of decision errors are possible – false negative and false 
positive.  

The EPA is most concerned about guarding against the occurrence of false negative 
decision errors, since an error of this type may leave humans exposed to unacceptable 
levels of LA. To minimize chances of underestimating the true amount of exposure 
and risk, the EPA generally recommends that risk calculations use the 95UCL of the 
sample mean, to limit the probability of a false negative decision error to no more 
than 5% (EPA 1992). However, because the 95UCL cannot presently be calculated 
with confidence for asbestos datasets, risk calculations will be based on the sample 
mean only, as recommended by the EPA (2008). This means that risk estimates may 
be either higher or lower than true values, and this will be identified as a source of 
uncertainty in the risk assessment. 

Although a false positive decision error does not result in unacceptable human 
exposure, it may result in unnecessary expenditure of resources. The risk of false 
positive decision errors can be minimized by increasing the number of samples. 
However, because it is not possible at present to quantify the uncertainty in the mean 
of an asbestos dataset as a function of the number of samples, it is not possible to 
calculate a minimum number of samples required to minimize the risk of false 
positive decision errors. 

6.1.7 Step 7: Develop the Plan for Obtaining Data  
Specific details on the study design that will yield data that address the specified 
DQOs are presented in Section 6.2 below.  

6.2 Study Design 

6.2.1 Sampling Locations 
In 2010, the EPA conducted a pilot study (EPA 2010b) to provide an initial 
characterization of the range and distribution of background levels of LA and 
potentially other forms of asbestos in Libby Valley soils. A total of 20 candidate 
background locations in 11 different background areas (A-K) were sampled as part of 
this study (see Figure 6-1). This study will evaluate each of these 11 background 
areas. In the event that more than one background location was evaluated for an area 
(e.g., three locations were evaluated in Area E), one of the locations will be randomly 
selected for ABS evaluation. 

6.2.2 ABS Design 
As discussed above, there are several potential study designs that could be used to 
accomplish the ABS scenario. Because it is most feasible to implement, study design 
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#2 presented in Section 6.1.3 (i.e., performing outdoor ABS at a standardized location 
using soils from each background area) is selected as the preferred ABS design.  

Enough soil material will be obtained from each background area to fill a 5-gallon 
container (see Section 6.2.3). This 5-gallon container will be brought to a standardized 
location where ABS will be conducted. All ABS activities will be conducted on a tarp 
or plastic sheeting to eliminate the potential for cross-contamination. 

The soil-disturbance activity will be a digging scenario that simulates a child digging 
and playing in the dirt. ABS personnel will sit on the ground and empty the soil from 
the 5-gallon container onto the ground. Then, they will use a hand trowel to place the 
soil back into the container. Once all the soil has been placed back into the container, 
the process will be repeated. Personnel will continue to fill/dump soil for a total 
sampling duration of 120 minutes. 

6.2.3 Collection of Background Soil for Use in ABS  
If LA is present in background soil, levels within each area could vary spatially. 
Therefore, to ensure that reliable estimates of the mean LA levels within each 
background may be computed from individual measurements of soil and ABS air 
concentrations, soil for use in ABS will be collected from multiple sub-locations across 
each background area. Enough soil material will be obtained from each background 
area to fill a 5-gallon container.  

Prior to collecting soil material, the top 0-1 inches of soil and any vegetation should be 
carefully removed and set aside. Soil materials should be collected from a depth of 1-6 
inches below ground surface. After soil collection, the top layer of soil and any 
vegetation should be replaced. 

Prior to use in ABS, any soil clumps should be broken apart by hand and the soil 
materials should be well-mixed inside the container. 

6.2.4 Number of ABS Air Samples 
As noted above, because it is not possible at present to quantify the uncertainty in the 
mean of an asbestos dataset as a function of the number of samples, it is not possible 
to calculate a minimum number of samples required to minimize decision errors. The 
uncertainty around the mean depends on sample size and on the underlying 
variability.  

No information is available on the expected variability in LA levels in background 
soil. Initially, three sampling events will be performed at each background area. The 
need for additional sampling will depend upon the variability of LA concentrations in 
ABS air between sampling events for each background area. 

6.2.5 ABS Air Sample Collection  
ABS air samples will be collected in accordance with general sample collection 
procedures described in Section 7.2.1. 



Section 6 
Scenario 5: Background Soil ABS 

 

  6-8 

Miscellaneous ABS SAP – Revision 2 

During each sampling event, each ABS personnel will wear two different sampling 
pumps – a high volume pump and a low volume pump – to allow for the collection of 
two “replicate” filters (i.e., each filter represents the same sample collection duration, 
but different total sample air volumes). The appropriate flow rate for each sampling 
pump will be optimized to achieve the highest sample air volume possible without 
causing the filter to become overloaded. Initially, the high volume pump flow rate 
will be 5.5 L/min and the low volume pump flow rate will be 2 L/min. This will 
result in sample volumes of 660 L and 240 L, respectively. Only one of the two 
resulting air samples will be selected for analysis (see Section 8.3.3).  

6.2.6 ABS Air Sample Analysis  
Analytical Method 

ABS air samples collected as part of this effort will be prepared and analyzed for LA 
using TEM. Detailed information on the analysis requirements and counting rules are 
provided in Section 8.3. 

TEM Stopping Rules 

In general, three alternative stopping rules are specified to ensure ABS air data 
collected by TEM analysis are adequate: 

1. The target analytical sensitivity to be achieved 

2. A maximum number of structures to be recorded 

3. A maximum area of filter to be examined 

Basic methods for establishing each stopping rule were presented previously in 
Section 2.2.5. The basis for each of these values for this study is presented below. 

Target Analytical Sensitivity 

In order to be comparable to residential outdoor ABS data collected at OU4 
properties, the target analytical sensitivity for ABS air data collected at background 
areas was calculated based on residential exposure parameters. The exposure 
parameters needed to calculate TWF are not known with certainty, so the following 
RME exposure parameters were selected based on information in the EPA’s Exposure 
Factors Handbook (EPA 1997) and on professional judgment: 

 The exposure time (ET) parameter of 8 hours was based on the RME value of 
7.8 hours per day (from Table 15-92 in EPA 1997) for time spent doing yard 
work. 

 Site-specific data on the frequency of outdoor yard care activities were not 
located, but the EPA (1992) recommends assuming about 1-2 days per week 
during warm weather. In Libby, assuming outdoor yard work is likely to 
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occur mainly between May and September (about 20 weeks per year), the 
RME exposure frequency (EF) parameter for the number of days per year 
spent doing yard work was estimated to be about 40 days. 

 At present, no site-specific data exist that provide information on the exposure 
duration (ED) of area residents. In the absence of data, a conservative value of 
50 years was assumed. 

Based on these exposure parameters, the TWF is 0.0304 (8/24 · 40/365 · 50/60 = 
0.0304). Based on these values, the RBC for cancer is 0.0019 LA PCME s/cc and the 
RBC for non-cancer is 0.00066 LA PCME s/cc. Because the non-cancer RBC is lower 
than the cancer RBC, the non-cancer RBC is used to derive the target analytical 
sensitivity. Therefore, the target analytical sensitivity for this study is 0.00022 cc-1. 

Maximum Number of LA Structures 

As shown in Figure 2-1, above about 25 structures, there is little change in the relative 
uncertainty as a consequence of Poisson variability. Therefore, the count-based 
stopping rule for TEM analysis of ABS air samples will utilize a maximum structure 
count of 25 LA structures.  

Maximum Area to be Examined 

Assuming that the high volume filter is able to be prepared directly (i.e., f = 1), about 
260 grid openings would need to be examined for each ABS air sample to achieve the 
target analytical sensitivity. If the low volume filter is able to be prepared directly, 
about 730 grid openings will need to be examined. In order to limit the maximum 
effort expended on any one sample in the event that an indirect preparation is 
necessary, a maximum area examined of 20 mm2 is identified for this sampling 
program. Assuming that each grid opening has an area of about 0.01 mm2, this would 
correspond to about 2,000 grid openings. 

Summary of TEM Stopping Rules 

The TEM stopping rules for ABS air samples in this study will be as follows: 

1. Examine a minimum of two grid openings from each of two grids. 

2. Continue examining grid openings until one of the following is achieved: 

a. The target analytical sensitivity (0.00022 cc-1) is achieved. 

b. 25 PCME LA structures have been recorded. 

c. A total filter area of 20 mm2 has been examined (this is 
approximately2,000 grid openings). 
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When one of these criteria has been satisfied, complete the examination of the final 
grid opening and stop. 

6.2.7 Soil Sample Collection  
After the completion of each ABS event, a single grab soil sample (approximately 200 
grams) will be collected for each sampling event. Assuming the soil material is well-
mixed after the completion of each ABS event, this grab sample will provide an 
estimate of the average level of LA in soil. At the time of collection, the amount of 
visible vermiculite (none, low, intermediate, high) will be recorded by field sampling 
personnel. 

6.2.8 Soil Sample Analysis  
 

Analytical Method 

LA levels in each soil sample will be measured by TEM following soil preparation 
using FBAS. Detailed information on the preparation methods, analysis requirements, 
and counting rules are provided in Section 8.1. 

Because it is expected that, if present, LA levels would be below the detection limit of 
PLM (i.e., all samples would be ranked as non-detect), analysis by PLM is not 
necessary. 

TEM Stopping Rules 

Three alternative stopping rules are specified to ensure FBAS soil data collected by 
TEM analysis are adequate: 

1. The target analytical sensitivity to be achieved 

2. A maximum number of structures to be recorded 

3. A maximum area of filter to be examined 

Basic methods for establishing each stopping rule were presented previously in 
Section 2.2.7. The basis for each of these values for this study is presented below. 

Target Analytical Sensitivity 

At present, there is no firm basis for selecting the TDL. Because it is likely that, if LA 
is present in the background soils, it is likely to be present at very low levels, the TDL 
for this study is set to 0.001%. Based on preliminary FBAS method evaluation studies 
(Januch et al. 2011), a TDL of 0.001percent is approximately equal to 1E+04 total LA 
s/g. Thus, the TAS is 6.3E+03 (g)-1. 

 



Section 6 
Scenario 5: Background Soil ABS 

 

  6-11 

Miscellaneous ABS SAP – Revision 2 

Maximum Number of LA Structures 

Based on preliminary FBAS method evaluation studies (Januch et al. 2011), results 
show that Poisson counting variation was an important contributor to the observed 
variability between FBAS filter replicates (especially when fewer than 50 structures 
were observed). Therefore, the count-based stopping rule for TEM for this study will 
utilize a maximum structure count of about 50 LA structures.  

Maximum Area to be Examined 

Based on a TAS of 6.3E+03 g-1, the filter area that would need to be examined 
(assuming a direct preparation, f = 1) to achieve the TAS is about 2.4 mm2. Assuming 
that each grid opening has an area of about 0.01 mm2, this would correspond to about 
240 grid openings. 

In the event that an indirect preparation is needed (due to particulate overloading on 
the filter) or if less soil mass is used in the FBAS preparation, it is possible that the 
number of grid openings that would need to be examined to achieve the TAS may be 
cost or time prohibitive. In order to limit the maximum effort expended on any one 
sample, a maximum area of 3.0 mm2 is identified for this study. Assuming that each 
grid opening has an area of about 0.01 mm2, this would correspond to about 300 grid 
openings. 

Summary of TEM Stopping Rules 

The TEM stopping rules for FBAS soil samples in this study will be as follows: 

1. Examine a minimum of two grid openings from each of two grids. 

2. Continue examining grid openings until one of the following is achieved: 

a. The target analytical sensitivity (6.3E+03 g-1) is achieved. 

b. 50 LA structures have been recorded. 

c. A total filter area of 1.6 mm2 has been examined (this is 
approximately 160 grid openings). 

When one of these criteria has been satisfied, complete the examination of the final 
grid opening and stop. 
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Section 7 
General Sampling Program Requirements 
Specific details on the sampling program for each study were presented in Sections 2-
6. This section presents the general sampling program requirements that are 
applicable to all studies, such as H&S monitoring and sampling handling procedures. 
The standard operating procedures and site-specific procedures to be utilized during 
these sampling programs are listed below and included in Appendix B: 

SOP Current 
Revision 

Title Revision Date 

CDM SOP 1-2 5 Sample Custody March 2007 

CDM SOP 2-1 3 
Packaging and Shipping of Environmental 
Samples 

March 2007 

CDM SOP 2-2 5 Guide to Handling Investigation-Derived Waste March 2007 
CDM SOP 4-1 6 Field Logbook Content and Control March 2007 
CDM SOP 4-2 7 Photographic Documentation of Field Activities March 2007 

CDM SOP 4-5 7 
Field Equipment Decontamination at 
Nonradioactive Sites 

March 2007 

CDM SOP 5-1 8 Control of Measurement and Test Equipment March 2007 

CDM-LIBBY-05 2 
Soil Sample Collection at Residential and 
Commercial Properties 

May 2007 

CDM-LIBBY-06 1 
Semi-Quantitative Visual Estimation of 
Vermiculite in Soils at Residential and 
Commercial Properties 

May 2007 

CDM-LIBBY-09 2 
Global Positioning System (GPS) Coordinate 
Collection and File Transfer Process 

July 2009 

EPA-LIBBY-01 1 
Standard Operating Procedure for the Sampling 
of Asbestos Fibers in Air 

March 2001 

EPA-LIBBY-08 1 
Indirect Preparation of Air and Dust Samples for 
TEM Analyses 

January 2007 

EPA-LIBBY-10 0 
Analysis of Waste Bark and Wood Chip Samples 
for Fibrous Amphibole 

February 2008 

 

7.1 Pre-Sampling Activities 
Prior to beginning field sampling activities, a field planning meeting will be 
conducted, any required trainings will be completed, and an inventory of equipment 
and supplies will be performed to ensure that all necessary supplies and equipment 
are available and in good working order. In addition, sampling locations will be 
identified and community coordination will be conducted. 

7.1.1 Field Planning Meeting 
The field planning meeting will be conducted by the assigned CDM Smith field team 
leader (FTL) and attended by the field staff, a member of the CDM Smith QA staff, 
CDM Smith sample coordinator, and a member of the CDM Smith field H&S staff. 
The EPA Remedial Project Manager will be notified of the meeting's date and time. 
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The agenda will be reviewed and approved by the QA staff and the H&S officer prior 
to the meeting. The meeting will briefly discuss and clarify the following: 

 Objectives and scope of the fieldwork 

 Equipment and training needs 

 Field operating procedures, schedules of events, and individual assignments 

 Required quality control (QC) measures 

 H&S requirements 

 Documents governing fieldwork that must be on site 

 Any changes in the field planning documents 

A written agenda, reviewed by the CDM Smith QA and H&S staff prior to the 
meeting, will be distributed and an attendance list signed. Copies of these documents 
will be maintained in the project files. Additional meetings will be held when 
required by the documents governing fieldwork or when the scope of the assignment 
changes significantly. The field team personnel will perform the following activities 
before and during field activities, as applicable: 

 Review and understand applicable governing documents 

 Ensure that all sample analyses are scheduled through the EPA laboratory 
coordinator (LC) 

 Obtain required sample containers and other supplies 

 Obtain and check field sampling equipment 

 Obtain and maintain personal protective equipment (PPE) 

7.1.2 Training Requirements 

Prior to starting work at the Libby field office, any new team member must complete 
the following, at a minimum: 

 Read the CDM Smith Accident Prevention Plan (APP) (CDM Smith 2011a) – 
documented on plan signature sheet and required reading report 

 Attend an orientation session with the Site H&S officer – documented on 
orientation session attendance sheet 

 Read and understand all relevant governing documents – documented on 
required reading report 
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 Occupational Safety and Health Administration 40-Hour Hazardous Waste 
Operations and Emergency Response (HAZWOPER) and relevant 8-hour 
refreshers – documented by training certificates 

 Current 40-hour HAZWOPER medical clearance 

 Respiratory protection training as required by 29 Code of Federal Regulations 
(CFR) 1910.134 – documented by training certificate 

 Asbestos awareness training as required by 29 CFR 1910.1001 – documented by 
training certificate 

 Sample collection techniques – documented on orientation session attendance 
sheet and/or field planning meeting agenda 

All training documentation will be stored in the Libby project files. 

7.1.3 Inventory and Procurement of Equipment and Supplies 
In advance of field activities, the CDM Smith FTL will check the field 
equipment/supply inventory and procure any additional equipment and supplies 
that are needed. The CDM Smith FTL will also ensure any in-house measurement and 
test equipment used to collect data/samples as part of this SAP is in good, working 
order, and any procured equipment is acceptance tested prior to use. Any items that 
the FTL determines unacceptable will be removed from inventory and repaired or 
replaced as necessary. 

The following equipment will be required for sampling activities: 

 Field logbook 

 Indelible ink pen 

 Digital camera 

 Video camera 

 Air sampling equipment: 25 millimeter (mm) diameter mixed cellulose ester 
(MCE) filter cassette (0.8 micron [µm] pore), high and low flow rate battery-
powered air sampling pumps, rotameter, tygon tubing 

 Soil sampling equipment: trowel and steel bowl 

 Field moisture meter 

 GPS unit, measuring wheel, stakes 

 Activity-specific equipment: sampling backpack/belt, 20–28 inch wide metal leaf 
rake, shovel, tarp, lawn mower, trowel, etc. 
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 Field sample data sheets (FSDSs) 

 Sample labels 

 Custody seals 

 Zip-top bags 

 PPE, as required by the APP (CDM Smith 2011a) 

 Land survey map or aerial photo 

7.1.4 Identify Sampling Locations 
Prior to the start of field activities, sampling locations will be identified and 
community coordination will be conducted. For ABS studies that are to be performed 
on residential/commercial properties in Libby, the property owner of each selected 
sampling location will be contacted to determine willingness to participate. Access 
agreements will be obtained prior to the start of sample collection. Property-specific 
information will be collected for each sampling location and recorded on the ABS 
Property Background and Sampling Form (Appendix C). The same property 
background and sampling form will be used for all sampling events at each 
individual property. ABS scenario areas will be noted on property sketches that 
include previous property screening soil sampling and visual inspection results. 
Sampling locations will be selected based on the criteria described in the DQOs (see 
Sections 2-6). 

7.2 Sample Collection 
This section describes the collection procedures for air, soil, and wood chip samples, 
respectively. This section also provides procedures for the collection of soil and wood 
chip moisture content, vegetative cover extent and condition, and meteorological 
data. 

7.2.1 Air Sample Collection 
Personal air samples will be collected by the EPA contractors who will perform 
activities in accordance with the scenario scripts provided in Appendix A. At each 
location selected for evaluation, one actor will engage in the prescribed activities in 
each of the scenarios. Activities will be conducted in the order outlined in the scenario 
scripts. 

SOP EPA-LIBBY-01, Revision 1 will be used for collection of all personal air samples. 
Air samples will be collected using cassettes that contain a 25 mm-diameter MCE 
filter with a pore size of 0.8 μm. During ABS, the participant will perform the scripted 
activities and will collect two personal air samples at two flow rates using two 
different types of pumps. The primary sample will be collected using F&J L-15P, or 
equivalent, battery-powered sampling pump capable of operating at high flow rates. 
In addition, a battery-powered sampling pump capable of operating at low flow rates, 
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an SKC 224-PCXR4 or equivalent, will be used to generate a backup air sample in the 
event the primary sample is damaged or overloaded. The pump flow rates for each 
pump will be adjusted to the flow rates specified in the program-specific sampling 
design (see Sections 2-6). 

The air sampling pumps will be carried in backpacks or on belts worn by the 
participants. The monitoring cassette will be affixed to the shoulder of the participant 
such that the cassette is within the breathing zone of the participant. The breathing 
zone can be visualized as a hemisphere approximately 6 to 9 inches around an 
individual's face. The top cover from the cowl extension on the sampling cassette will 
be removed (i.e., open-face) and the cassette will be oriented face down. The 
participants will monitor the cassettes throughout the scenario to ensure that they 
remain directed towards the activity and are free of obstructions. 

If it is necessary to relieve a participant in a scenario, a relief (backup) participant will 
be properly suited in time to make the exchange. When the relief participant is ready, 
the active participant will stop, remove the backpack, pass it to the relief participant, 
and assist the relief participant with donning and adjusting the backpack. The 
exchange is anticipated to take less than 60 seconds, so the sampling pumps and event 
time clock will not be halted during the exchange. If the exchange requires more than 
60 seconds, the pump and event clock will be stopped until the activity is re-initiated. 
If the personnel exchange coincides with a scheduled flow rate verification (as 
described below), the total time must not exceed 120 seconds. 

7.2.1.1 Health and Safety Air Monitoring 
As part of this investigation, personal air samples will also be collected on the first 
three events for each scenario for ongoing H&S monitoring. The H&S samples will be 
collected using an additional LV sampling pump and are not intended for use in the 
risk assessment. To differentiate these samples from the other personal air samples 
collected as part of this sampling effort, "PCM" will be used in the Sample Location 
Description field of the FSDS. These samples will be collected and analyzed in 
accordance with the Response Action SAP, Revision 2 (CDM Smith 2011b) and will 
represent both the time-weighted average and excursion sampling periods. 

7.2.1.2 Pump Calibration 
Each air sampling pump will be calibrated at the start of each day's sampling period 
using a rotameter that has been calibrated to a primary calibration source. The 
primary calibration standard used at the Site is a Bios DryCal® DC-Lite. For pre-
sampling purposes, calibration will be considered complete when ±5 percent of the 
desired flow rate is attained, as determined by three measurements with the calibrator 
using a cassette reserved for calibration (from the same lot of the sample cassettes to 
be used in the field). 

Pump flow rates will be verified at 30-minute intervals or when participants are 
relieved from an activity by a backup participant, whichever occurs sooner. If at any 
time the observed flow rates are ±10 percent of the target rate, the sampling pump 
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should be re-calibrated, if possible. If at any time an air sampling pump is found to 
have faulted or the observed flow rates are 25 percent below (due to heavy particulate 
loading or a pump malfunction) or 50 percent above the target rate, the pump will be 
replaced or the activity will be terminated. Collection of air samples will continue, 
regardless of the amount of particulate loading on the filters, unless the flow rate is 
affected. At the beginning of the sampling program, flow rates and particulate 
loading may be checked more frequently as conditions require, establishing expected 
conditions. 

To calculate the percentage of an observed flow to the target flow, the following 
formula is used: 

  100
)/(

)/(
% 

inmLRateFlowgetTar

inmLRateFlowObserved
X  

For post-sampling calibration, three separate constant flow calibration readings will 
be obtained with the sampling cassette inline and those flow readings will be 
averaged. If the flow rate changes by more than 5 percent during the sampling period, 
the average of the pre- and post-sampling rates will be used to calculate the total 
sample volume. 

Samples for which there is more than a 30 percent difference from initial calibration to 
end calibration will be invalidated. The sample collector will record the pump serial 
number, sample number, initial flow rate, sample start/end times, sample locations, 
and final flow rate, as well as mark the sample "void," in the field logbook and FSDS. 
These samples will not be submitted for analysis. 

To prevent potential cross-contamination, each rotameter used for field calibration 
will be transported to and from each sampling location in a sealed zip-top plastic bag. 
The cap and calibration cassette used at the end of the rotameter tubing will be 
replaced each day after it is used. 

7.2.2 Soil Sample Collection 
Soil samples will be collected and homogenized in accordance with Site-specific SOP 
CDM-LIBBY-05, Revision 2. In order to ensure that sufficient sample is available for 
potential future analysis, the mass of the composite sample must be no less than 2.0 
kilograms. 

Each soil sampling point will be inspected for visible vermiculite and observations 
will be recorded in accordance with the Site-specific SOP CDM-LIBBY-06, Revision 1 
with the following modifications: 

 30-point composite soil samples will be collected regardless of the presence of 
visible vermiculite. 

 The entire scenario area will be inspected for visible vermiculite regardless of 
previous investigation results or removal activities. 
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 The approximate location and level of any visible vermiculite will be documented 
on a field sketch that also details the location of each scenario area. When 
available, land surveys will be used as the baseline for these sketches. If a survey 
is not available, an aerial photo or previously developed field sketch may be used. 

 Decontaminated sampling equipment will not be wrapped in aluminum foil. All 
equipment will be decontaminated before and after use. 

7.2.3 Wood Chip Sample Collection 
For Scenario 3 (Wood Chip ABS), wood chip samples will be collected and 
homogenized using a multi-point compositing procedure similar to that used for soil 
(as presented in Section 5 of CDM-LIBBY-05, Revision 2). In brief, for each ABS area, 
30 sub-sampling locations will be selected which are equidistant from each other. At 
each sub-sampling point, one trowel of wood chip materials will be removed and 
placed into a gallon-sized zip-top plastic bag. If visible vermiculite is observed, this 
information should be recorded on the FSDS in basic accordance with Site-specific 
SOP CDM-LIBBY-06, Revision 1. This sample collection step should be repeated for 
each subsequent sub-sampling location until all 30 sub-sampling locations have been 
sampled. 

7.2.4 Soil Moisture Content 
For Scenario 1 (LUA ABS), Scenario 2 (Borrow Source Soil ABS), and Scenario 5 
(Background Soil ABS), in situ soil moisture will be measured using a soil moisture 
meter. For each ABS area, soil moisture will be collected from a minimum of 10 
locations between 0 and 3 inches below ground surface. ABS activities will not be 
performed if average volumetric water content (VWC) is greater than 30 percent, or if 
the VWC for any of the measurement points is greater than 50 percent. The 10 soil 
moisture readings for each area will be recorded in the field logbook and the average 
VWC will be recorded on the ABS Property Background and Sampling Form. 

7.2.5 Wood Chip Moisture Content 
For Scenario 3 (Wood Chip ABS), in situ measurements of moisture content will be 
attempted using a soil moisture meter. After the wood chip sample collection (see 
Section 7.2.3) is complete, the soil moisture meter will be placed in the center of the 
wood chip materials inside the zip-top plastic bag. To limit potential voids, which 
could influence moisture readings, the sampler will manually squeeze the materials 
around the meter probe. The moisture reading will be recorded in the field logbook. 

7.2.6 Vegetative Cover and Condition 
For Scenario 1 (LUA ABS), a qualitative estimate of the extent of vegetative cover and 
vegetation condition of each ABS area will be determined at the start of each sampling 
event and will be recorded on the FSDS. The extent of vegetative cover in the ABS 
area will be assigned a score as follows: 
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Score Vegetative Cover Extent 
1 less than 5 percent cover 
2 5 to 25 percent cover 
3 25 to 50 percent cover 
4 50 to 75 percent cover 
5 more than 75 percent cover 

 
Prior to the start of ABS activities, vegetative condition of the ABS area will be 
qualitatively ranked as either poor, good, or lush. To the extent, that the vegetative 
condition differs across the ABS area, this should be documented on the FSDS. Any 
changes in vegetation condition, as a consequence of ABS, should also be recorded on 
the FSDS after the ABS activities have been completed. 

Photographic documentation will be collected to document the various types of cover 
and conditions at each ABS area. Procedures for collecting photographic 
documentation are discussed in Section 7.3.4. 

7.2.7 Meteorological Data 
During days when ABS activities are occurring, the FTL or appropriate data manager 
will download meteorological data from the local NOAA station, LBBM8. For 
comparison and additional data, meteorological data will also be downloaded from 
two other nearby stations located at the mine (ZONM8) and Troy (TROM8). The 
following parameters are recorded hourly at this station: 

 Temperature (degrees Fahrenheit [°F]) 

 Dew point (°F) 

 Relative humidity (percent) 

 Wind speed (miles per hour [mph]) 

 Wind gusts (mph) 

 Wind direction 

 Solar radiation (watts per square meter per hour) 

 Precipitation (inches) 

7.3 General Field Processes 
This section describes the general field processes that will be used to support the 
sampling described in this SAP and includes references to CDM Smith SOPs and 
investigation-specific modifications to established project procedures when 
applicable. 
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7.3.1 Sample Labeling and Identification 
Samples will be labeled with sample identification (ID) numbers supplied by field 
administrative staff and will be signed out by the sampling teams. For air samples, 
one sample label will be placed on the sampling cassette, one sample label will be 
affixed to the inside of the plastic bag used to hold the sampling cassette during 
transport. In addition, the sample ID number will also be written on the outside of the 
plastic bag. For soil and wood chip samples, the labels will be affixed to the outside of 
both the inner and outer sample bags and the sample ID number will be written on 
the outside of each bag. 

Sample ID numbers for all ABS samples collected during this sampling effort will use 
the following format: 

 EX-3#### 

where: 

 EX = Exterior ABS; used for outdoor ABS programs 

 3#### = A sequential five-digit number (starting with 3 identify ABS samples 
collected under this SAP) 

7.3.2 Field Logbooks 
Field logbooks will be maintained in accordance with CDM Smith SOP 4-1, Field 
Logbook Content and Control (Appendix B). The log is an accounting of activities at the 
site and will duly note problems or deviations from the governing plans and 
observations related to the SAP. Notations on the following will be recorded daily: 

 Project 

 Logbook number 

 Property owner 

 Address 

 Date 

 Author 

 Title of guidance document(s) 

 Activities/purpose 

 Personnel onsite 

 Weather 
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 PPE 

 Serial number(s) of equipment 

 Calibration of equipment performed 

 Initial/final flow rates and times 

 Sample ID(s) 

 Sample location(s) 

 Pre-sampling vegetative condition 

 Soil moisture (all 10 readings from each ABS area) 

 Samples were relinquished 

 Minor deviations from guidance documents (i.e., any unusual events or special 
conditions that may influence data quality) 

 Special direction received from FTL or government personnel, if applicable 

Field logbooks will be completed daily prior to leaving the site. As described in CDM 
Smith SOP 4-1, logbook corrections will be completed with a single line strikeout, 
initial, and date. The correct information should be entered in close proximity to the 
erroneous entry. 

The field administrative staff will manage the logbooks by assigning unique ID 
numbers to each logbook and tracking logbook assignments. As logbooks are 
completed, originals will be maintained in the CDM Smith office in Libby, Montana. 
Copies of logbooks will be posted to the project eRoom provided to the EPA via 
project e-room within two weeks after completion of the ABS program. 

7.3.3 Field Sample Data Sheets 
Field sample data sheets, which record specifics related to sample collection, will be 
completed for each sample in accordance with current project data reporting 
requirements. 

7.3.4 Photographic Documentation 
Photographs will be collected to document representative examples of ABS scenarios 
performed, sampling locations and site conditions during ABS activities, pre-
sampling conditions of vegetation, and at any other location the field sampling 
personnel determine necessary, with a digital camera in accordance with CDM Smith 
SOP 4-2, Photographic Documentation of Field Activities, with the following exceptions: 
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 Digital photographs will be archived on the CDM Smith Libby server (secure). 
These files will be archived until project closeout, at which point project 
management will determine a long-term electronic file storage system. 
Photographic logs in daily logbook entries will not be required for this sampling 
event. 

Photograph file names will be in the format: 

 Scenario #_Location #_ABS_date_XX 

where: 

 Scenario# indicates the sampling scenarios 1-5 

 Location # is the assigned number for each sublocation or ABS area 

 ABS indicates the ABS area identifier 

 The date is formatted as MM-DD-YYYY 

 XX is a sequential number starting at 01 

7.3.5 Videographic Documentation 
Digital video will be captured to document a representative example of ABS 
scenarios. File names will be in the same format as photographic documentation listed 
above. 

7.3.6 Global Positioning System Point Collection 
Global Positioning System (GPS) location coordinates will be collected for all ABS 
areas and digging locations in accordance with Site-Specific SOP CDM-LIBBY-09, GPS 
Coordinate Collection and Handling (Appendix B). For Scenario 2 (Borrow Source Soil 
ABS), Scenario 3 (Wood Chip ABS), and Scenario 5 (Background Soil ABS), GPS 
coordinates will also be collected at each point where materials were collected for use 
as ABS source material (i.e., the locations within the borrow source, background area, 
or wood chip pile). 

General procedures used for GPS point collection are discussed below: 

 For composite samples, a GPS point is collected at the approximate center of each 
sample area. In the case of an irregularly shaped sample area or sample area that 
is non-continuous, such as a flowerbed that wraps around a house, a GPS point is 
collected at the center of the largest continuous sample area. 

GPS data are not collected for the following types of samples: 

 Field duplicates – The same location ID number is used for the parent and the 
field duplicate samples, resulting in the same X, Y coordinates. 
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 Personal air samples – For outdoor ABS, the locations for these samples are the 
same coordinates assigned to the associated ABS composite source material 
samples (i.e., soil or wood chips). For indoor ABS, the locations for these samples 
are the same coordinates assigned to the associated property. 

To ensure proper collection of GPS data, the following criteria have been established 
at the site for data with accuracy to ±1 meter: 

 The operator of the GPS unit must be standing at the sample location (or offset 
location) before the data collection begins. 

 Once the unit begins collection of location data, the operator must remain 
standing at the sample location until the minimum required data points have been 
collected. 

 A minimum of 30 data points must be collected at each XY coordinate. 

 GPS collection is completed when the position dilution of precision (PDOP) is less 
than 4.5. 

7.3.7 Field Equipment Maintenance 
Field equipment maintenance will be conducted and documented as described in 
CDM Smith SOP 5-1, Control of Measurement and Test Equipment (Appendix B). 

When a piece of equipment is found to be operating incorrectly, the equipment will be 
labeled out-of-order and placed in a separate area from the rest of the sampling 
equipment. The person who identified the equipment as “out-of-order” will notify the 
FTL overseeing the investigation activities. It is the responsibility of the FTL to 
facilitate repair of the equipment. This may include having appropriately trained field 
team members complete the repair or shipment to the manufacturer. 

7.3.8 Equipment Decontamination 
Decontamination of activity-specific equipment, air sampling pumps, and soil 
sampling equipment will be conducted in accordance with CDM Smith SOP 4-5, Field 
Equipment Decontamination at Non-Radioactive Sites (Appendix B), with the following 
exceptions: 

 Section 4.0, Required Equipment - Plastic sheeting will not be used during 
decontamination procedures. American Society for Testing and Materials (ASTM) 
Type II water will not be used. Rather, locally available de-ionized water will be 
used. 

 Section 5.0, Procedures - Decontamination water will not be captured and will be 
discharged to the ground at the worksite. 

 Section 5.3, Sampling Equipment Decontamination – Sampling equipment that 
has been decontaminated will not be wrapped in plastic sheeting or aluminum 
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foil. As stated in CDM Smith SOP 4-5, Section 5.0, all equipment will be 
decontaminated before and after use (i.e., rinsed with locally available de-ionized 
water). 

 Section 5.6, Waste Disposal - Decontamination water will not be captured and 
will not be packaged, labeled, or stored as investigation-derived waste (IDW). 
Decontamination water will be discharged to the ground at the worksite. 

Materials used in the decontamination process will be disposed of as IDW as 
described below. 

7.3.9 Handling Investigation-Derived Waste 
Any disposable equipment, PPE, etc., or other IDW will be handled in accordance 
with CDM Smith SOP 2-2, Guide to Handling of IDW (Appendix B), with the following 
modification: 

 Section 5.2, Offsite Disposal – All IDW (not including excess soil volume) will be 
collected in transparent garbage bags and marked “IDW” with an indelible ink 
marker. These bags will be deposited into the asbestos-containing material (ACM) 
waste stream for appropriate disposal at the local Class IV asbestos landfill. Excess 
soil volume before ABS use will be returned to the area from where it was 
collected. Wood chips will be returned to the OU5 wood chip piles. 

7.3.10 Field Sample Custody and Documentation 
Sample custody and documentation will follow the requirements specified in CDM 
Smith SOP 1-2, Sample Custody (Appendix B). FSDS and chain-of-custody (COC) 
records will be prepared in accordance with the EPA’s project-specific data 
requirements. All samples and FSDSs will be relinquished by ABS staff to the sample 
coordinator/broker or a designated secure sample storage location at the end of each 
day. Upon completion of the FSDS by the sampler and a subsequent QC check by an 
independent field team member, the sample coordinator/broker will use the FSDSs to 
generate a COC record. All teams will ensure that samples, while in their possession, 
are maintained in a secure manner to prevent tampering, damage, or loss. 

7.3.11 Chain-of-Custody Requirements 
The COC record is employed as physical evidence of sample custody and control. 
This record system provides the means to identify, track, and monitor each individual 
sample from the point of collection through final data reporting. A completed COC 
record is required to accompany each shipment of samples. 

General custody and sample shipping procedures for ABS samples will follow the 
requirements stated CDM Smith SOP 1-2, Sample Custody (Appendix B) with the 
following modifications: 
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5.1 Transfer of Custody and Shipment –  

 A COC record will not be completed in the field. Initial sample custody will be 
documented through the collection of sample information using FSDSs along with 
a physical sample. 

 Sample labels/tags will be limited to a unique sample ID, which will be clearly 
indicated using pre-printed labels or handwritten on the zip-top sample bag for 
air samples, and the outside of both the inner and outer zip-top bags for soil 
samples. 

 Sampling teams will secure a custody seal on each individual sample. 

Three copies of the COC record will be printed using three-part carbonless paper. One 
copy will be filed in the Libby CDM Smith office and the other two will accompany 
sample shipments. The sample coordinator/broker will check the COC record against 
the samples in the shipping container to ensure consistency and accuracy and will 
hand-deliver or ship samples, as appropriate. If any errors are found on the COC 
record after delivery/shipment, the paper copy of the COC record maintained in the 
Libby CDM Smith office will be corrected by the sample coordinator/broker with a 
single strikeout, initial, and date. The corrected copy will then be faxed to the 
analytical laboratory, and the information updated in all appropriate electronic data 
management systems. 

For hand-deliveries, a sample coordinator/broker will relinquish samples and 
corresponding COC records to the EPA LC under strict custody. During 
relinquishment, the sample coordinator /broker will complete the following 
information in the designated spaces at the bottom of the COC record: signature, 
company name, date, and time. The EPA LC will also complete the required 
information and will make a note regarding sample condition (e.g., OK – accept). The 
sample coordinator/broker will retain the bottom copy of the COC record for the 
CDM Smith project record. 

7.3.12 Sample Packaging and Shipping 
Samples will be packaged and shipped in accordance with CDM Smith SOP 2-1, 
Packaging and Shipping of Environmental Samples (Appendix B) with the following 
modifications: 

 1.4 Required Equipment – Vermiculite (or other absorbent material) or ice will 
not be used for packaging or shipping samples. 

 1.5 Procedures – No vermiculite or other absorbent material will be used to pack 
the samples. No ice will be used. 
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Samples will be hand-delivered to the EPA LC, picked up by a delivery service 
courier, or shipped by a delivery service to the designated facility or laboratory, as 
applicable. For hand-deliveries, the sample coordinator/broker will package samples 
for transit such that they are contained and secure (i.e., will not be excessively jostled). 
Clean plastic totes with the lids secured or sample coolers may be used for this 
purpose. 

For samples requiring shipment, prior to sealing the shipping container, the sample 
coordinator/broker will complete the following information in the designated spaces 
at the bottom of the COC record: signature, company name, date, and time. The 
sample coordinator/broker will retain the bottom copy of the COC record for the 
CDM Smith project record. 

7.4 Quality Assurance/Quality Control Activities 
7.4.1 Modification Documentation 
Minor deviations encountered in day-to-day field work will be noted in the logbook. 
Major deviations from this SAP that modify the sampling approach and associated 
guidance documents will be recorded on the Libby Asbestos Project Record of 
Modification Form for Field Activities (Appendix D). The modification form will be 
used to document all permanent and temporary changes to procedures contained in 
guidance documents governing investigation work. In addition, the Record of 
Modification Form will be used to document any information of interest as requested 
by EPA project management. As field modifications to governing documents are 
implemented, the FTL will communicate the changes to the field teams conducting 
activities associated with the modification. When the EPA project management team 
determines the need, revised governing documents may be issued to incorporate 
modifications. 

Field modification forms are completed by the FTL overseeing the investigation. Once 
a form is completed, a technical review is completed by the CDM Smith project 
manager or designate, and then reviewed and approved by the EPA project leader or 
designate. 

A record is kept to track the person who completed each form and a brief description 
of the modification documented on each form. Each completed modification form is 
assigned a unique ID number and maintained at the CDM Smith office in Libby, 
Montana by a QA staff member. 

7.4.2 Field Surveillances and Audits 
The quality of field processes is evaluated by field surveillances and audits conducted 
by CDM Smith and/or EPA. This section describes each of these evaluations. 

Field surveillances consist of periodic observations made to evaluate continued 
adherence to investigation-specific governing documents. Field surveillances are 
conducted for each investigation conducted at the Site, and are most often performed 
by the FTL. 
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The schedule for performing field surveillances is dependent on the duration of the 
investigation, frequency of execution, and magnitude of process changes. At a 
minimum, field surveillances will be performed daily during the first week of 
implementation. Following the first week, surveillances will be conducted once a 
month or as necessary when field processes are revised or other quality 
assurance/quality control (QA/QC) procedures indicate potential deficiencies. 

When deficiencies are observed during the surveillances, the observer will 
immediately discuss the observation with the field team member and retrain the team 
member if required. If the observer finds deficiencies across multiple field members 
or teams, the FTL will plan and hold an investigation-specific field meeting. At this 
meeting the observations made will be discussed as well as any corrective actions 
required (i.e., retraining). 

The observer will document that surveillances have occurred in the appropriate field 
logbook. The logbook will also be used to record any field meetings that were 
conducted including topics discussed, person conducting the meeting, and field team 
members attending the meeting. 

Field audits are broader in scope than surveillances and are independent evaluations 
conducted by qualified technical or QA staff that are independent of the activities 
audited. Field audits can be conducted by CDM Smith, internal EPA staff, or the EPA 
contracted auditors. One field audit (to be combined with an audit of other Site 
field/sampling activities) is anticipated for this ABS field work. 

7.4.3 Field QC Samples 
Field QC samples will be collected for air, soil, and wood chip samples as described 
below. It is expected that drying air sample cassettes will not be required for this 
activity given the low relative humidity conditions in which sampling will take place. 
Table 7-1 summarizes the collection frequency for these QC samples and indicates 
corrective actions that may be required based on their results. 

Table 7-1 Summary of Field Quality Control Samples 

Sample Type Associated QC 
Sample 

Collection 
Frequency 

Analysis 
Frequency 

Acceptance Criteria 

Air lot blank 
1 per 500 
cassettes 

100 percent 
Non-detect for all asbestos 

structures 

Air field blank 
1 per day per 

site 

10 percent of 
total collected 

per week 

field blanks with detected 
asbestos fibers will be 

evaluated to determine 
acceptability 

Soil field duplicate 
1 per 20 field 

samples 
100 percent Not applicable 
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Sample Type 
Associated QC 

Sample 
Collection 
Frequency 

Analysis 
Frequency 

Acceptance Criteria 

Wood Chips field duplicate 
1 per 20 field 

samples 
100 percent Not applicable 

QC = quality control 
 
 
Lot Blanks – Before air samples are collected, cassette lot blanks from each filter lot 
will be randomly selected and submitted for analysis at a minimum frequency of one 
lot blank per 500 cassettes. The lot blanks will be analyzed for asbestos fibers by the 
same method as will be used for field sample analysis. The entire batch of cassettes 
will be rejected if any asbestos fiber is detected on the lot blanks. Only lots of filters 
with acceptable lot blank results will be used for ABS sampling. 

Field Blanks – The collection frequency for air field blanks will be one field blank per 
site for each day when activities are conducted. Field blanks are collected by opening 
the sample cassette to the ambient environment for 5 to 30 seconds then re-capping 
the sample cassette. The field blanks will be analyzed for asbestos fibers by the same 
method as will be used for field sample analysis. It is expected, based on historical 
analyses of field blanks, that asbestos structures will only be observed on field blanks 
on very rare occasions. If any asbestos structure is observed on a field blank, the FTL 
will be notified and will take appropriate measures to ensure field staff are employing 
proper sample collection and handling techniques. In addition, the project database 
may be used to correlate the field blanks to the related field samples and a qualifier 
potentially applied. 

Field Duplicates – Field duplicates for soil and wood chips are collected from the 
same ABS area as the parent sample but from different sub-sample locations. The 
duplicate is collected using the same number of sub-samples as the parent sample. 
These samples will be used to evaluate the variability of sample results in a given ABS 
area. Field duplicate samples will be collected at a rate of 1 per 20 (5 percent) of the 
non-QC field samples. Because there are two replicate air filters collected during ABS 
activities (i.e., HV and LV), no field duplicates will be collected for ABS air. Following 
receipt of initial ABS air results, 5 percent of LV filters will be selected for analysis to 
evaluate variability of ABS air concentrations across replicate filters. 

Field duplicate samples will be given a unique sample ID number from the parent 
field sample; however, field personnel will reference the sample ID number of the 
parent sample in the Sample Parent ID section of the FSDS. The same location ID 
number will be assigned to the field duplicate sample as the parent field sample. 
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Section 8 
Sample Preparation and Analysis 
Requirements 
This section discusses the sample preparation and analysis requirements for samples 
collected in support of this sampling program. In addition, this section discusses 
sample holding times, custody procedures, QA/QC procedures, documentation and 
reporting procedures, and nonconformance requirements to be employed by sample 
preparation facilities and analytical laboratories (herein referred to as facilities). 

The EPA will be responsible for all sample analysis, including any sample processing 
prior to analysis. CDM Smith will be responsible for relinquishing all samples to the 
EPA LC, or facility as designated by the EPA LC. The CDM Smith sample 
coordinator/broker will also be responsible for communicating with the EPA LC to 
relay pertinent sample and analysis information including sample quantities; special 
sample handling requirements, processing, or analysis concerns; and requested 
turnaround times. 

For this investigation, all samples will be maintained via COC record, as produced by 
the CDM Smith sample coordinator/broker. An approved requirements summary 
sheet specifying the preparation and analytical requirements for samples collected as 
part of this sampling program will be attached to the COC record for all samples 
submitted. The requirements summary sheet will be distributed by the EPA and 
reviewed and approved by all participating laboratories prior to any sample 
handling. The requirements summary sheet (unapproved version) for this sampling 
program is provided in Appendix E. 

8.1 Soil Samples 
Soil samples collected during ABS activities may be analyzed by three different 
analytical methods: 

 TEM analysis of air filters generated from soil using a fluidized bed asbestos 
segregator in accordance with ESAT-LIBBY-01, Revision 0 

 PLM analysis of fine ground soil using visual area estimation (PLM-VE) in 
accordance with SRC-LIBBY-03, Revision 2 

 PLM analysis of coarse soil using stereomicroscopic examination and gravimetric 
evaluation (PLM-Grav) in accordance with SRC-LIBBY-01, Revision 2 

At the Libby site, ABS soil samples must be prepared prior to analysis. The type of 
sample preparation will depend upon the type of analysis that will be performed. The 
following sections provide the analysis-specific information on sample preparation 
and analysis. 
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8.1.1 Sample Preparation 
All soil samples will be dried as detailed in ISSI-LIBBY-01, Revision 10. To avoid 
burning/ashing of the soil samples during the drying process, the soil samples will be 
visually screened before they are loaded into the oven. Samples that appear to have 
elevated organic matter (i.e., a significant amount of vegetation/sticks/roots) pose a 
risk of igniting during the drying process. Therefore, once ten samples have been 
identified as elevated organic matter samples, they will be batched together and dried 
at 50 degrees Celsius. The samples will be checked every 4 hours to ensure that they 
are not burning. 

Once dried, each sample will be split into three approximately equal portions: 1) 
archive; 2) FBAS aliquot; and 3) PLM aliquot. 

The archive aliquot will be stored in accordance with ISSI-LIBBY-01, Revision 10. 

The FBAS aliquot will be archived until the results of the PLM analysis and the initial 
results of the ABS air samples are available. At that time, EPA may select a subset of 
soil samples for preparation using FBAS. If selected, the FBAS aliquot will be 
prepared for analysis in accordance with ESAT-LIBBY-01, Revision 0. In brief, the soil 
aliquot will be sieved using sieves with two opening sizes (6.3 mm and 0.85 mm [U.S. 
Standard Sieve No. 20]). Soil material passing through the 0.85 mm sieve will be 
retained for use in the FBAS. For each ABS soil sample, a total of three air filter 
replicates will be generated from the FBAS aliquot. Prior to generating the filter 
replicates, several test filters will be generated using varying amounts of soil. The 
particulate loading rates on these filters will be should be determined using PCM, and 
filter loading optimized such that the resulting filter approaches, but does not exceed, 
overloading. Replicate air filters for TEM analysis will then be generated using the 
soil mass that achieves optimum particulate loading on the filter. 

The PLM-VE and PLM-Grav aliquots will be prepared using ISSI-LIBBY-01, Revision 
10 and the procedures included in the Soil Preparation Work Plan (TechLaw 2007). In 
brief, the PLM aliquot is sieved into coarse (greater than ¼ -inch) and fine fractions. 
The fine fraction is ground to reduce particles to a diameter of 250 μm or less; this 
fine-ground portion is then split into four aliquots. 

8.1.2 PLM Analysis 
One aliquot of the fine-ground sample will be analyzed for asbestos using PLM-VE in 
accordance with SRC-LIBBY-03, Revision 2, with all applicable project-specific 
laboratory modifications (e.g., LB-000073). If there is a coarse fraction of the sample, it 
will be analyzed for asbestos using PLM-Grav in accordance with SRC-LIBBY-01, 
Revision 2. PLM-VE and PLM-Grav results will be recorded on the most current 
version of the Libby site-specific PLM laboratory bench sheets and electronic data 
deliverable (EDD) spreadsheets (see Appendix F). 

The analysis request section of the COC record will indicate the requested analyses 
(e.g., PLM-VE/PLM-Grav). It is the responsibility of the soil preparation facility to 
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specify the appropriate analytical method as it corresponds to the specific sample 
fraction being submitted for analysis (i.e., PLM-VE for fine-ground fractions or PLM-
Grav for coarse fractions) on their COC records to the analytical laboratory. 

8.1.3 TEM Analysis 
Analytical Method 
Replicate FBAS air filters for some ABS soil samples will be sent to the analytical 
laboratory for preparation and analysis for asbestos using TEM in basic accordance 
with International Organization for Standardization (ISO) 10312:1995(E) (ISO 1995), 
with all applicable project-specific laboratory modifications, including the most recent 
versions of LB-000016, LB-000019, LB-000028, LB-000029, LB-000030, LB-000066, LB-
000084, and LB-000085. 

TEM Counting and Stopping Rules for Field Samples 
To reduce the potential level of effort to complete the TEM analysis, filters will be 
examined using a tiered TEM magnification approach, as follows: 

High Magnification Analysis 
The TEM microscopist will begin the analysis utilizing a magnification of 20,000x. All 
amphibole structures (including not only LA but all other amphibole asbestos types as 
well) that have appropriate SAED patterns and EDXA spectra, and having length ≥ 
0.5 µm and an aspect ratio ≥ 3:1 will be recorded on the FBAS-specific TEM laboratory 
bench sheets and EDD spreadsheets (see Appendix F). 

For Scenario 1 (LUA ABS), data recording for chrysotile, if observed, is not required 
(chrysotile presence should be noted in the analysis comments). For Scenario 2 
(Borrow) and Scenario 5 (Background Soil ABS), if observed, chrysotile structures 
should be recorded, but chrysotile structure counting may stop after 50 structures 
have been recorded. 

Examine a minimum of two grid openings from each of two grids. Continue 
examining grid openings until one of the following is achieved: 

1. The target analytical sensitivity (6.3E+03 g-1) is achieved, 

2. 50 LA structures are recorded, or 

3. A total area of 1.2 mm2 of filter has been examined (approximately 120 grid 
openings). 

When one of these criteria is achieved, complete the final grid opening and stop. 
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Low Magnification Analysis 
After completing the initial examination at 20,000x magnification, if fewer than 50 LA 
structures have been recorded, and the target analytical sensitivity has not yet been 
achieved, the TEM microscopist will switch to a lower magnification of 5,000x and 
continue to record only PCME LA structures (i.e., length > 5 µm, width ≥ 0.25 µm, 
aspect ratio ≥ 3:1) until one of the following is achieved: 
 

1. The target analytical sensitivity (6.3E+03 g-1) is achieved, 

2. 50 LA structures are recorded, or 

3. A total area of 3.0 mm2 of filter has been examined (approximately 300 grid 
openings). 

When one of these criteria is achieved, complete the final grid opening and stop. 

TEM Counting and Stopping Rules for Blanks 
For blanks (lot blanks, preparation blanks, and sand blanks), the TEM analyst should 
examine an area of 1.0 mm2 (approximately 100 grid openings) utilizing a 
magnification of 20,000x and the counting rules described above for the “high 
magnification analysis”. 

8.2 Wood Chip Samples 
As noted previously, all wood chip samples will be archived for possible future 
analysis pending review of the ABS air results. If it is determined that analysis of the 
wood chip samples is desired, the following subsections specify the sample 
preparation and analysis methods that will be utilized. 

Analytical Method and Counting Rules 
Wood chip samples collected during Scenario 3 should be prepared in basic 
accordance with the procedures presented in Section 6.0 of SOP DUFF-LIBBY-OU3 
(Revision 0). In brief, samples will be dried and ashed in a drying oven and the ash 
will be treated with acid. The resulting residue will be suspended in water and placed 
on a filter for analysis by TEM. A total of three filter replicates will be generated for 
each wood chip sample.  

Filters will be prepared and analyzed using standard ISO 10312:1995(E) (ISO 1995) 
protocols, except that the aspect ratio criterion will be 3:1 to allow for the estimation 
of PCME. Analyses should also comply with all applicable project-specific laboratory 
modifications, including the most recent versions of LB-000019, LB-000029, LB-000030, 
LB-000066, LB-000084, and LB-000085. All amphibole structures (including not only 
LA but all other amphibole asbestos types as well) that have appropriate SAED 
patterns and EDXA spectra will be recorded on the site-specific TEM laboratory bench 
sheets and EDD spreadsheets developed for recording of duff samples (see Appendix 
F). Data recording for chrysotile, if observed, is not required (chrysotile presence 
should be noted in the analysis comments). 
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TEM Stopping Rules 
The TEM stopping rules for all wood chip samples analyses for this study will be as 
follows: 

1. Examine a minimum of two grid openings from each of two grids. 

2. Continue examining grid openings until one of the following is achieved: 

 a. The target analytical sensitivity (1E+07 g-1) is achieved. 

 b. 50 LA structures have been recorded. 

 c. A total filter area of 1.0 mm2 has been examined (this is approximately 100 
grid openings). 

When one of these criteria has been satisfied, complete the examination of the final 
grid opening and stop. 

For blanks (drying blanks, filtration blanks, and laboratory blanks), the TEM analyst 
will examine an area of 0.5 mm2 (approximately 50 grid openings). 

8.3 ABS Air Samples 
8.3.1 Analytical Method and Counting Rules 
ABS air samples collected as part of these sampling programs shall be prepared and 
analyzed for LA using TEM in basic accordance with ISO 10312:1995(E) (ISO 1995), 
with all applicable project-specific laboratory modifications. These modifications 
include the most recent versions of LB-000019, LB-000029, LB-000030, LB-000066, LB-
000084, and LB-000085. For Scenario 1 (LUA ABS) and Scenario 3 (Wood Chip ABS), 
data recording for chrysotile, if observed, is not required (chrysotile presence should 
be noted in the analysis comments). For Scenario 2 (Borrow Source Soil ABS), Scenario 
4 (Tradesperson ABS), and Scenario 5 (Background Soil ABS), if observed, chrysotile 
structures should be recorded, but chrysotile structure counting may stop after 50 
structures have been recorded. 

Because of the high number of grid openings that are needed to achieve the target 
analytical sensitivity (see Table 8-1), ABS air samples will be examined using 
counting protocols for recording PCME structures only (per ISO 10312 Annex E). That 
is, filters will be examined at a magnification of 5,000x, and all amphibole structures 
(including not only LA but all other amphibole asbestos types as well) that have 
appropriate SAED patterns and EDXA spectra, and having length > 5 um, width ≥ 
0.25 um, and aspect ratio ≥ 3:1 will be recorded on the Libby site-specific TEM 
laboratory bench sheets and EDD spreadsheets (see Appendix F). 
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Table 8-1 Estimated Number of Grid Openings Needed for Each Sampling Scenario 

 

8.3.2 TEM Stopping Rules 
The TEM stopping rules for all ABS air field samples from this study will be as 
follows: 

1. Examine a minimum of two grid openings from each of two grids. 

2. Continue examining grid openings until one of the following is achieved: 

 a. The target analytical sensitivity is achieved. 

 b. The maximum number of asbestos structures has been recorded. 

 c. The maximum total filter area of has been examined. 

The specific stopping rules for each ABS sampling program are provided in Table 8-2. 
When one of these criteria has been satisfied, complete the examination of the final 
grid opening and stop.  

 

ABS Sampling 

Scenario

Target 

Sensitivity 

(cc-1)

Sample 

Duration 

(minutes)

Pump 

Type

Flow Rate 

(liters/min)

Sample 

Air 

Volume 

(liters)

GOs 

needed 

per 

sample

60 HV 5.5 330 67

60 LV 2 120 183

120 HV 5.5 660 583

120 LV 2 240 1,604

60 HV 5.5 330 133

60 LV 2 120 366

4 - Indoor 
Tradesperson

0.00014 ~60 LV ~2 ~120 440

120 HV 5.5 660 266

120 LV 2 240 732

ABS = activity-based sampling
ATV = all-terrain vehicle
LUA = limited-use area
cc = cubic centimeter
HV = high volume
LV = low volume
GO = grid opening

5 - Background 
soil

0.00022

1 - ATV in LUA

2 - Borrow pit 
soil

3 - Wood chip

0.00175

0.00010

0.00088
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For lot blanks and field blanks, the TEM analyst will examine an area of 1.0 mm2 
(approximately 100 grid openings). 

 
Table 8-2 TEM Stopping Rules for ABS Air Samples 

 

8.3.3 Prioritization of ABS Air Sample Analysis 
The HV filter will be analyzed in preference to the LV filter. If the HV filter is deemed 
to be overloaded, the LV filter should be analyzed in preference to performing an 
indirect preparation on the HV filter. If the LV filter is deemed to be overloaded, an 
indirect preparation (with ashing) of the HV filter may be performed in accordance 
with EPA-LIBBY-08, Revision 1. Once analyzed, all samples will be archived under 
COC record at the laboratory until further notice. 

The comments section of the COC record will indicate the appropriate HV-LV pair. It 
is the responsibility of the CDM Smith sample coordinator to specify the appropriate 
air sample pairs on the COC records to the analytical laboratory. 

Unanalyzed samples will be archived and maintained under COC record at the CDM 
Smith Libby office. 

8.4 Health and Safety Air Samples 
The personal air samples collected for the ongoing H&S monitoring will be analyzed 
in accordance with the Response Action SAP, Revision 1 (CDM Smith 2011b). In brief, 
samples will be prepared and analyzed by PCM in accordance with NIOSH 7400, 
Issue 2. 

ABS Sampling Scenario

Target 

Sensitivity 

(cc-1)

Maximum 

Structures

Maximum 

Filter Area 

Examined 

(mm2)

1 - ATV in LUA 0.00175 25 PCME LA 20

2 - Borrow pit soil 0.00010 25 PCME LA 20

3 - Wood chip 0.00088 25 PCME LA 20

4 - Indoor Tradesperson 0.00014 25 PCME LA 20

5 - Background soil 0.00022 25 PCME LA 20

ABS = activity-based sampling
ATV = all-terrain vehicle
LUA = limited-use area
cc = cubic centimeter
PCME = phase contrast microscopy equivalent
LA = Libby amphibole

mm2 = square millimeters
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8.5 Holding Times 
There are no holding time requirements for ABS air and soil samples collected as part 
of this sampling program. 

8.6 Custody Procedures 
Custody procedures are provided in the respective QA management plans for each 
facility that processes or analyzes Libby samples. These plans were independently 
audited and found to be satisfactory by the EPA’s facility audit team. 

Upon receipt at the facility, each sample shipment will be inspected to assess the 
condition of the shipment and the individual samples. This inspection will include 
verifying sample integrity. The accompanying COC record will be cross-referenced 
with all of the samples in the shipment. The facility sample custodian will sign the 
COC record and maintain a copy for their project files. For laboratory work, the 
original COC record will be appended to the hard copy data report. Next, the sample 
custodian may assign a unique laboratory number to each sample on receipt. This 
number will identify the sample through all further handling and reporting at the 
facility. It is the responsibility of each facility to maintain internal documentation 
throughout sample preparation, analysis, data reporting, and sample archiving. 

8.7 Facility Quality Assurance/Quality Control Activities 
8.7.1 General 
QA/QC procedures are provided in the respective QA management plans for each 
facility that processes or analyzes Libby samples. The Libby Asbestos Project facility 
QA program may consist of laboratory certifications, team training and mentoring, 
analyst training, facility QC samples, inter-laboratory sample analysis, and facility 
audits. Laboratories that analyze field samples on the Libby project must maintain 
particular certifications and must satisfactorily complete project-specific training 
requirements to ensure that proper QA/QC practices are conducted during sample 
analysis. 

Facilities handling samples collected as part of this investigation will be provided a 
copy of and will adhere to the requirements of this SAP. Samples collected under this 
SAP will be analyzed in accordance with standard EPA and/or nationally-recognized 
analytical procedures (i.e., Good Laboratory Practices) in order to provide analytical 
data of known quality and consistency. 

8.7.2 Facility QC Samples 
For this investigation, required QC samples specific to soil and wood chip sample 
processing are provided in the following: 

 For soil sample preparation by ISSI-LIBBY-01, Revision 10 – see the Soil Preparation 
Work Plan (TechLaw 2007). 

 For soil sample preparation by FBAS methods – see ESAT-LIBBY-01, Revision 0. 
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 For wood chip sample preparation – see DUFF-LIBBY-OU3, Revision 0. 

QC requirements for analytical laboratories are provided in the following: 

 For PCM analysis – see NIOSH 7400, Issue 2. 

 For TEM analysis – see Libby laboratory modification LB-000029B. (Exception: 
Until the TEM inter-laboratory program is back in place, the frequency rate for 
Recount Different QC analyses is increased from 2.5 percent to 3 percent.)  

 For PLM analysis – see SRC-LIBBY-03, Revision 2 for PLM-VE and SRC-LIBBY-01, 
Revision 2 for PLM-Grav. 

These analytical requirements are also summarized in the SAP-specific Summary of 
Analytical Requirements for Asbestos (provided in Appendix E). 

8.8 Facility Documentation and Reporting 
It is the responsibility of each facility to maintain logbooks and other internal records 
throughout the sample lifespan as a record of sample handling procedures. 
Significant deviations (i.e., those that impact or have the potential to impact 
investigation objectives) from this SAP, or any procedures referenced herein 
governing ABS sample handling, will be discussed with the OU4 EPA RPM (or 
technical designate) and CDM Smith Project Manager prior to implementation. Such 
deviations will be recorded on the Libby Asbestos Project Record of Modification 
Form specific to field, preparation facility, or laboratory activities, as applicable. As 
modifications are approved by the EPA and implemented, the EPA LC will 
communicate the changes to the EPA laboratories. Approved Modification forms will 
be maintained by the submitting party. 

Sample processing and analytical data will be delivered to the EPA in accordance 
with the current version of the EPA Data Management Plan (EPA 2011). 

8.9 Facility Nonconformance 
Facilities will immediately notify the EPA LC if major problems occur (e.g., 
catastrophic equipment failure). The EPA LC will then notify the CDM Smith sample 
coordinator of potential impacts to turnaround times. Other nonconformance issues, 
such as those found during performance evaluations or audits, will be addressed on a 
case-by-case basis by the EPA’s facility audit team. 
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Section 9 
Assessments and Oversight 
Assessments and oversight reports to management are necessary to ensure that 
procedures are followed as required and that deviations from procedures are 
documented. These reports also serve to keep management current on field activities. 
Assessment, oversight reports, and response actions are discussed below. 

9.1 Assessments 
Performance assessments are quantitative checks on the quality of a measurement 
system and are appropriate to analytical work. Performance assessments for the 
laboratories may be accomplished by submitting blind reference material (i.e., 
performance evaluation samples). These assessment samples are samples with known 
concentrations that are submitted to the laboratories without identifying them as such 
to the laboratories. Performance assessments will be coordinated by the EPA. 

System assessments are qualitative reviews of different aspects of project work to 
check the use of appropriate QC measures and the general function of the QA system. 
Field and office system assessments will be performed under the direction of CDM 
Smith’s QA Director, with support from CDM Smith’s project QA Coordinator. 
Quality Procedure 6.2, as defined in CDM Smith’s EPA Region 8 Quality Management 
Plan (CDM Smith 2012), defines requirements for conducting field and office system 
assessments, or audits. Due to the level of effort for sampling and the duration of the 
activities discussed in this SAP, a field audit will be required and scheduled for the 
efforts described in this SAP. Laboratory system assessments/audits will be 
coordinated by the EPA. 

9.2 Corrective Actions 
Corrective actions will be implemented on a case-by-case basis to address quality 
problems. Minor actions taken in the field to immediately correct a quality problem 
will be documented in the applicable field logbook and a verbal report will be 
provided to CDM Smith’s project manager and FTL. Major corrective actions taken in 
the field will be approved by the OU4 EPA RPM and CDM Smith’s project manager 
prior to implementation of the change. Major response actions are those that may 
affect the quality or objective of the investigation. Quality problems that cannot be 
corrected quickly through routine field procedures may require implementation of a 
corrective action request (CAR) form, as provided in CDM Smith’s EPA Region 8 
Quality Management Plan (CDM Smith 2012). 

All CARs will be submitted to either CDM Smith’s QA director or project QA 
coordinator for review and issuance. CDM Smith’s project manager or project QA 
coordinator will notify their QA director when quality problems arise that may 
require a CAR.  
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In addition, when modifications to this SAP are required, either for field or laboratory 
activities, a Libby Asbestos Project Record of Modification Form (Appendix D) must 
be completed. 

9.3 Reports to Management 
Quality assurance reports will be provided to management for routine audits and 
whenever quality problems are encountered. Field staff will note any quality 
problems on FSDSs or in field log notes. Further, CDM Smith’s project manager will 
inform the project QA Coordinator upon encountering quality issues that cannot be 
immediately corrected. Weekly reports and change request forms are not required for 
work performed under this SAP. 
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Section 10 
Data Management and Review 
10.1 Data Management 
Field information, sample preparation data, and analytical laboratory results will be 
transmitted to EPA and will be managed by the EPA’s Environmental Response Team 
in an electronic Scribe project database in accordance with the procedures specified in 
the EPA Data Management Plan for the Libby Asbestos Superfund Site (EPA 2011). 
Submitting entities will review all data for completeness and accuracy prior to 
submittal.  

10.2 Data Review  
Data review of Scribe project data typically occurs at the time of data reporting and 
includes cross-checking that sample IDs and sample dates have been reported 
correctly and that calculated analytical sensitivities or reported values are as expected. 
If discrepancies are found, the data user will contact the EPA, who will then notify the 
appropriate entity (field, preparation facility, or laboratory) in order to correct the 
issue. 

Data verification includes checking that results have been transferred correctly from 
laboratory data printouts to the finalized laboratory report and to the EDD and that 
both the laboratory report and EDD are complete before they are submitted to the 
EPA. This function is performed primarily as a function of built-in QC checks in the 
EDDs. When data are uploaded into the project database, sample and laboratory 
results are reviewed for compliance with project-specific reporting requirements. The 
data users may also identify and report any data discrepancies encountered during 
data use to EPA, who will then notify the appropriate laboratory in order to correct 
the issue. 

EPA may also choose to conduct a more detailed data verification and validation 
effort depending upon the intended data use. Details on the procedures for 
performing these data verification and validation efforts will be addressed in EPA’s 
Site-Wide Quality Assurance Project Plan for the Site, which is currently under revision. 

10.3 Data Quality Evaluation 
It is the responsibility of data users to evaluate data quality prior to their use in 
decision-making. This data quality evaluation will assess several indicators of data 
quality including precision, bias, accuracy, representativeness, comparability, 
completeness, and sensitivity. The general methods for how each data quality 
indicator will be evaluated are presented in Table 10-1. 
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Table 10-1.  General Evaluation Methods for Assessing Data Quality 
 

Data Quality 
Indicator Evaluation Method 

Precision 

Sampling –  
ABS Air, Wood Chips, FBAS Soil: Compare TEM results for field duplicates and high 
volume/low volume pairs using the Poisson ratio comparison method (Nelson 1982). 
 
Soil: Compare PLM results for field duplicates using the general procedures presented 
in LB-000073. 

Preparation –  
PLM Soil: Compare results for preparation splits using the general procedures 
presented in LB-000073. 
 
FBAS Soil and Wood Chips: Compare TEM results for filter replicates using the Poisson 
ratio comparison method (Nelson 1982). 

Analysis –  
PLM: Compare results for PLM laboratory duplicates using the general procedures 
presented in LB-000073. 
 
TEM: Compare results for recounts and repreparation analyses in accordance with the 
procedures in LB-000029B. 

Accuracy/Bias 

TEM: Calculate the background filter loading rate and use results to assign 
detect/non-detect in basic accordance with ASTM 6620-00. Calculate the fraction of all 
analyses that were prepared indirectly. 
 
PLM: Compare results for LA-specific performance evaluation standards to nominal 
levels. Determine if detectable levels are reported in soil preparation blanks. 

Representativeness 
Review the field audit report findings and any field/laboratory modification forms for 
potential data quality issues.  

Comparability 
Compare the ABS scripts, sample collection SOPs, preparation techniques, and 
analysis methods across samples within an ABS scenario and to previous ABS efforts 
for a similar scenario. 

Completeness 
Calculate the fraction of samples that were specified in the SAP that were able to be 
successfully collected and analyzed (e.g., 198 of 200 samples, 0.99). 

Sensitivity 
TEM: Calculate the fraction of all analyses that met the target analytical sensitivity. 
Calculate the fraction of all analyses that stopped based on the area examined 
stopping rule. 

ABS = activity-based sampling 
TEM = transmission electron microscopy 
PLM = polarized light microscopy 
FBAS = fluidized bed asbestos segregator 
SOP = standard operating procedure 
SAP = sampling and analysis plan 
LA = Libby amphibole asbestos 
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10.4 DQO Reconciliation 
The DQOs will be reconciled during the data quality evaluation process. During this 
process, the data users will compare the reported results against the project-specific 
requirements discussed in the DQOs. Attainment of project DQOs results in 
determining what areas do or do not contain LA and/or LA source materials for 
development of property-specific removal action work plans. Non-attainment of 
project DQOs may result in additional follow up visits to the property for additional 
sample collection or field observations in order to achieve DQOs. 
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SCRIPT FOR ABS SCENARIOS  

The following narrative is an activity script for participants, which briefly describes the 
specific type of activities that will be monitored as part of this SAP. 

Scenario 1 – Limited-Use Area ABS 

The activity will be conducted at each property for a total of 60 minutes. Two ATVs will be 
driven during each event, with each rider carrying a HV and a LV pump. During the first 
30 minutes, the riders will be in a single-file line and the leader and follower will switch 
positions after 15 minutes. Then the two riders will ride separately over the entire LUA for 
the next 30 minutes.  There is no specified route that the riders will follow (as each LUA 
will differ from property-to-property), rather the riders should seek to cover as much of the 
LUA as safety considerations and time allows. 

Scenario 3 – Wood Chip ABS 

At the start of each event, there will be a wood chip pile in the ABS area. An actor, carrying 
a HV and LV pumps, will spread the wood chips using a long handled shovel for 10 
minutes. Then for the next 20 minutes, the actor will use a rake to spread the wood chips so 
that a 10 foot by 10 foot area is evenly covered. The actor will dig six 1-foot by 1-foot 
locations with a short handled trowel and replace the wood chips into the hole for the 
remaining 30 minutes (5 minutes per location).  

At the end of each event after the pumps have been turned off, the wood chip will be 
piled again in the testing area to prepare for the next event.  
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SOP Current 
Revision Title Revision Date 

CDM SOP 1-2 5 Sample Custody March 2007 
CDM SOP 2-1 3 Packaging and Shipping of Environmental Samples March 2007 
CDM SOP 2-2 5 Guide to Handling Investigation-Derived Waste March 2007 
CDM SOP 4-1 6 Field Logbook Content and Control March 2007 
CDM SOP 4-2 7 Photographic Documentation of Field Activities March 2007 
CDM SOP 4-5 7 Field Equipment Decontamination at Nonradioactive Sites March 2007 
CDM SOP 5-1 8 Control of Measurement and Test Equipment March 2007 

CDM-LIBBY-05 2 Soil Sample Collection at Residential and Commercial 
Properties 

May 2007 

CDM-LIBBY-06 1 Semi-Quantitative Visual Estimation of Vermiculite in Soils at 
Residential and Commercial Properties May 2007 

CDM-LIBBY-09 2 Global Positioning System (GPS) Coordinate Collection and 
File Transfer Process July 2009 

EPA-LIBBY-01 1 
Standard operating Procedure for the Sampling of Asbestos 
Fibers in Air March 2001 

EPA-LIBBY-08 1 Indirect Preparation of Air and Dust Samples for TEM Analysis January 2007 

EPA-LIBBY-10 0 Analysis of Waste Bark and Wood Chip Samples for Fibrous 
Amphibole February 2008 

 



APPENDIX C 
ABS PROPERTY BACKGROUND AND SAMPLING FORM 
                               (provided electronically) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                                                                            Property ID                           
 
 

LIBBY ASBESTOS PROJECT 
Limited Use Area Activity-based Sampling (ABS) 

Property Background and Sampling Form 
 

Address:                                                                                                                                                                                

Resident:                                                                                                            Phone Number:                                          

Owner (if different than occupant):                                                                     Phone Number:                                        

  

 

Outdoor Characterization                                                                       

Completed on ___________  by __________________________________. 

Are there known areas of the LUA with 
visual vermiculite?  

 

Yes                      No 
Location/area: 

 

Are there known areas of the LUA with 
LA?  

Yes                      No 
Location/area: 

How much? (ND, Trace, %) 

Has the LUA been cleaned up? 
Yes                      No 

Location/area: 

 

LUA ABS Category 

(Circle all that apply) 

1. Vis- and ND 
2. Vis+ and/or LA present 
3. Entire LUA was cleaned 

General Property and Resident Information 

Information was gathered from a verbal interview conducted on __________ by _________________________. All data below were 
provided by the resident during the interview.                                                    

Length of time at current residence?   

Age and number of occupants  Age: 0-5    5-12    12-18    18-35    35-60   60+ 

        ___    ____    ____     ____    _____   ___    

Total number of occupants 
 
______ 

Number and type of pets 
 

Dogs:_______   Cats:______    

Other: __________________________ 

Are pets indoor only, outdoor only, or 
both? 
 

Is there any knowledge of former miners, 
close relatives of miners, or any highly 
exposed persons living or visiting the 
property?  

Yes                          No 
 

Explanation (e.g., relation to resident, 
position held, # years): 

Is the resident, past or present, 
diagnosed with an asbestos-related 
disease?  

Yes                          No 
 
Unknown                 

Explanation:  
 



Property Background and Sampling Form (continued) 
 
Address:                                                                                                                                                    
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LUA ABS Event 1                                                                                    

Field Logbook: ________________  Page Number(s):____________________________________________________________  

Team Members:__________________________________________________________________________________________ 

Event Activity Summary 

                                          (as applicable) 

 

  Date:__________  

            AM       PM                                 

Soil Moisture and Ground Cover  Average Volumetric Water Content 

                                                   (as applicable) 

________ 

Vegetative Cover (circle one) 

1 – less than 5% cover 

2 – 5-25% cover 

3 – 25-50% cover 

4 – 50-75% cover 

5 – more than 75% cover 

Vegetative Condition (circle one) 

poor            good               lush

LUA ABS Event 2                                                                                    

Field Logbook: ________________  Page Number(s):____________________________________________________________  

Team Members:__________________________________________________________________________________________ 

Event Activity Summary 

                                          (as applicable) 

 

  Date:__________  

            AM       PM                                 

Soil Moisture and Ground Cover  Average Volumetric Water Content 

                                                   (as applicable) 

________ 

 

Vegetative Cover (circle one) 

1 – less than 5% cover 

2 – 5-25% cover 

3 – 25-50% cover 

4 – 50-75% cover 

5 – more than 75% cover  

Vegetative Condition (circle one) 

poor            good               lush 

LUA ABS Event 3                                                                                    

Field Logbook: ________________  Page Number(s):____________________________________________________________  

Team Members:__________________________________________________________________________________________ 

Event Activity Summary 

                                          (as applicable) 

 

  Date:__________  

            AM       PM                                 

Soil Moisture and Ground Cover  Average Volumetric Water Content 

                                                   (as applicable) 

________ 

Vegetative Cover (circle one) 

1 – less than 5% cover 

2 – 5-25% cover 

3 – 25-50% cover 

4 – 50-75% cover 

5 – more than 75% cover  

Vegetative Condition (circle one) 

poor            good               lush 



Property Background and Sampling Form (continued) 
 
Address:                                                                                                                                                    
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ADDITIONAL INFORMATION     
________________________________________________________________________________________

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

 
 

  



Property Background and Sampling Form (continued) 
 
Address:                                                                                                                                                    
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FIELD DIAGRAM OF PROPERTY 
Identify important features (i.e. trees, structures, flowerbeds, utility poles, sample locations, etc).  Include north arrow. 

 

 Sketch of the yard to illustrate location and size of any area with visible vermiculite along 
with the relative amount observed. 

 Approximate location and size of any SUA 
 Location of previously excavated and backfilled areas 
 Approximate location and size of the ABS scenario area (sample IDs and composite points 

of scenario area samples) 
 



APPENDIX D 
LIBBY ASBESTOS PROJECT RECORD OF MODIFICATION FORM 

(for field activities) 



C:\Documents and Settings\rainesnl\Desktop\BLANK LFO Mod Form_v0_EPA.doc 
4/21/10 

 
 

 
Instructions to Requester: Email draft modification form to the contacts at bottom of form for review and 
approval. File approved copy with the CDM Quality Assurance Coordinator (QAC) at the Libby Field Office 
(LFO). The QAC will distribute approved copies and maintain the originals at the LFO. 
 
Requester:                                                      Title:              
Company:        Date:       
 

Governing document (title and approved date) or SOP (title and SOP number):     
       
        

 
Field logbook and page number where modification is documented (or attach associated correspondence):  
               
 
Description of modification (attach additional sheets if necessary; include revised text for all document or 
SOP sections that are affected by the modification):        
              
              
              
  
   
Implication(s) of modification (if applicable, attach a list of affected property addresses or sample IDs):  
              
              
              
               

 
Duration of modification (indicate one):  
 

Temporary  Date(s):      
 

Permanent  Effective Date:      
 
Data Quality Indicator (indicate one; reference the definitions below for direction on selecting data quality 
indicators): 

 Not Applicable    Low Bias     High Bias 

 Reject     Estimate     No Bias 
 
 
CDM Technical Review and Approval: _________________________________ Date:     
(CDM Project Manager or designate) 
 
 
EPA Review and Approval: _____________________________________ Date:     
(USEPA RPM or designate) 

                  Record of Modification 
                     to Documents Governing Field Activities 

                                                           Libby Asbestos Project 
 

                          Form No. LFO-000_ _ _ 



C:\Documents and Settings\rainesnl\Desktop\BLANK LFO Mod Form_v0_EPA.doc 
4/21/10 

 
 
 
 

DATA QUALITY INDICATOR DEFINITIONS 
    

Reject - Samples associated with this modification form are not useable.  The conditions outlined in the 
modification form adversely effect the associated sample to such a degree that the data are not reliable. 
 
Low Bias - Samples associated with this modification form are useable, but results are likely to be biased low.  The 
conditions outlined in the modification form suggest that associated sample data are reliable, but estimated low. 
 
Estimate - Samples associated with this modification form are useable, but results should be considered 
approximations.  The conditions outlined in the modification form suggest that associated sample data are reliable, 
but estimates. 
 
High Bias - Samples associated with this modification form are useable, but results are likely to be biased high.  
The conditions outlined in the modification form suggest that associated sample data are reliable, but estimated 
high. 
 
No Bias - Samples associated with this modification form are useable as reported.  The conditions outlined in the 
modification form suggest that associated sample data are reliable as reported. 
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SAP REQUIREMENTS SUMMARY #MISCOU4-0811 
SUMMARY OF PREPARATION AND ANALYTICAL REQUIREMENTS FOR ASBESTOS 

 
Title:  Sampling and Analysis Plan, 2011 Miscellaneous Activity-Based Sampling, Libby Asbestos Site, Operable Unit 4 
 
SAP Date (Revision): June 2012 (Revision 2)   
 
EPA Technical Advisor: David Berry (303-312-6358, Berry.David@epa.gov) 
 (contact to advise on DQOs of SAP related to preparation/analytical requirements) 
 
Sampling Program Overview: This program will conduct activity-based sampling (ABS) in support of OU4 for 5 separate scenarios, including an 
evaluation of ABS in limited-use areas (LUAs) (Scenario 1), ABS for soils from topsoil borrow sources (Scenario 2), ABS for wood chips from OU5 
(Scenario 3), a re-analysis of health and safety (H&S) monitoring samples to provide information on indoor tradesperson ABS (Scenario 4), and ABS for 
soils from background areas (Scenario 5).  As part of each scenario, ABS air samples will be collected and analyzed for asbestos by TEM.  Personal air 
samples will also be collected for H&S monitoring and analyzed by PCM.  Soil samples will be collected and analyzed for asbestos by TEM (following 
preparation by fluidized bed) and PLM.  Wood chip samples will be collected and analyzed for asbestos by TEM (following preparation by SOP DUFF-
LIBBY-OU3). 
 
Sample ID Prefix:  EX-3_ _ _ _ (for Scenario 1, 2, 3, and 5);  2R-_ _ _ _ _ or 3R-_ _ _ _ _ (for Scenario 4) 
 
1. AIR 
 
TEM/PCM Preparation and Analytical Requirements for Air Field Samples: 

Medium 
Code 

Medium, 
Sample Type 

Preparation Details Analysis Details 
Applicable Laboratory 

Modifications 
(current version of) 

Investi- 
gative?  

Indirect Prep? (b) 
Filter 

Archive? 
Method 

Recording 
Rules (c) 

Analytical Sensitivity/Prioritized 
Stopping Rules (d,e) With 

Ashing  
Without 
Ashing 

A Air, ABS 
Scenario 1 

Yes Yes, if 
material is 
overloaded 
(>25%) or 
unevenly 
loaded on 

filter 

No Yes TEM – 
Modified  

ISO 
10312, 

Annex E 
(Low 
Mag,  

5,000X) 

PCME 
asbestos; 
L: > 5 µm 

W: > 0.25 µm 
AR: > 3:1 

Count a minimum of 2 grid 
openings in 2 grids, then 
continue counting until one is 
achieved:  
i) the target sensitivity is 
achieved 
ii) 25 PCME LA structures are 
recorded  
iii) 20 mm2 of filter has been 
examined  
 

LB-000016,  
LB-000029,  
LB-000066,  
LB-000067,  
LB-000085 

 

B Air, ABS 
Scenario 2 

C Air, ABS 
Scenario 3 

D Air, ABS 
Scenario 4 

E Air, ABS 
Scenario 5 

mailto:Berry.David@epa.gov�
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Medium 
Code 

Medium, 
Sample Type 

Preparation Details Analysis Details 
Applicable Laboratory 

Modifications 
(current version of) 

Investi- 
gative?  

Indirect Prep? (b) 
Filter 

Archive? 
Method 

Recording 
Rules (c) 

Analytical Sensitivity/Prioritized 
Stopping Rules (d,e) With 

Ashing  
Without 
Ashing 

F Air, Health & 
Safety 

No No Yes, if 
material is 
overloaded 
(>25%) or 
unevenly 
loaded on 

filter  

Yes PCM – 
NIOSH 
7400,  

Issue 2  
 

TEM– 
AHERA 

(upon 
request)  

For PCM: 
NIOSH 7400, 

“A” rules  
 

If AHERA is 
requested:  

All asbestos;  
L > 0.5 μm  
AR > 5:1  

For PCM: Count a minimum of 
20 FOVs, then continue counting 
until one is achieved: 
i) 100 fibers are recorded 
ii) 100 FOVs are examined 
(regardless of count)  
 
For AHERA: Examine 0.1 mm2 
of filter  

For PCM: LB-000015  
 
For AHERA:  
LB-000019, LB-000028, 
LB-000029, LB-000030, 
LB-000031, LB-000067, 
LB-000084, LB-000085  

 (a) The high volume filter will be analyzed in preference to the low volume filter if direct preparation is possible.  If the high volume filter is overloaded, use the low 
volume filter.  If the low volume filter is overloaded, prepare indirectly (with ashing), calculate number of grid openings to analyze to reach target analytical sensitivity, 
and contact EPA project managers or their designate before proceeding with analysis. 
(b) See most current version of EPA-LIBBY-08 for preparation details. 
(c) For Scenario 1 and Scenario 3, data recording for chrysotile is not necessary, but the presence of chrysotile should be noted in analysis comments. For Scenario 2, 
Scenario 4, and Scenario 5, chrysotile structures should be recorded, but chrysotile counting may stop after the 50th chrysotile structure has been recorded. 
(d) After analyzing the first approximately 200 grid openings, submit an EDD of that data, then continue with the analysis. 
(e) Target analytical sensitivity for each ABS scenario is provided below: 
 Scenario 1: 0.00175 cc-1 
 Scenario 2: 0.00010 cc-1 
 Scenario 3: 0.00088 cc-1 
 Scenario 4: 0.00014 cc-1 
 Scenario 5: 0.00022 cc-1 
 
TEM/PCM Preparation and Analytical Requirements for Air Field Quality Control Samples: 

Medium 
Code 

Medium, 
Sample 
Type 

Preparation Details Analysis Details 
Applicable Laboratory 

Modifications 
(current version of) 

Indirect Prep?  
Archive? Method 

Recording 
Rules 

Stopping Rules With 
Ashing  

Without 
Ashing  

G Air,  
lot blank 
and field 

blank 
 
 
 
 
 

No No Yes TEM – 
Modified  

ISO 10312, 
Annex E  

(Low Mag, 
5,000X) 

PCME 
asbestos; 
L: > 5 µm 

W: > 0.25 µm 
AR: > 3:1 

Examine 1.0 mm2 of filter. LB-000016, LB-000019, 
LB-000028, LB-000029, 
LB-000030, LB-000066,  
LB-000084, LB-000085 
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Medium 
Code 

Medium, 
Sample 
Type 

Preparation Details Analysis Details 
Applicable Laboratory 

Modifications 
(current version of) 

Indirect Prep?  
Archive? Method 

Recording 
Rules 

Stopping Rules With 
Ashing  

Without 
Ashing  

H Air, Health 
& Safety 

field blank 

No No Yes PCM – NIOSH 
7400, Issue 2  

 
TEM–AHERA 
(upon request)  

For PCM: 
NIOSH 7400, 

“A” rules  
 

If AHERA is 
requested:  

All asbestos;  
L > 0.5 μm  
AR > 5:1  

For PCM: Count a minimum of 20 
FOVs, then continue counting until 
one is achieved: 
i) 100 fibers are recorded 
ii) 100 FOVs are examined 
(regardless of count)  
 
For AHERA: Examine 0.1 mm2 of 
filter  

For PCM: LB-000015  
 
For AHERA:  
LB-000019, LB-000028,  
LB-000029, LB-000030,  
LB-000031, LB-000067,  
LB-000084, LB-000085 

 
2. SOIL 
 
Soil Preparation and Analysis Requirements: 

Preparation Method Analysis Method 
Applicable Laboratory 

Modifications 
(current version of) 

PLM: ISSI-LIBBY-01 Rev. 10 
 
 
Fluidized Bed: ESAT-LIBBY-01 Rev. 0 
 

PLM-VE: SRC-LIBBY-03 Rev. 2 
PLM-Grav: SRC-LIBBY-01 Rev. 2 
 
Fluidized Bed: TEM – Modified ISO (see below) 
 

For PLM-VE: LB-000073 
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TEM Analysis Requirements for Soil Samples Prepared by Fluidized Bed: 

Medium 
Code 

Medium, 
Sample Type 

Preparation Details Analysis Details 
Applicable Laboratory 

Modifications 
(current version of) 

Investi- 
gative? 

(f) 

Indirect Prep? (f,g) 
Filter 

Archive? 
Method 

Recording 
Rules (h) 

Analytical Sensitivity/Prioritized 
Stopping Rules (i) With 

Ashing  
Without 
Ashing 

I Soil, FBAS 
Filter 

Yes Yes No Yes TEM – 
Modified 

ISO 
10312 

High Mag 
(20,000X, Initial): 

All asbestos 
L: > 0.5 µm 
AR: > 3:1 

 
Low Mag 
(5,000X, 

Supplemental): 
All asbestos; 

L: > 5 µm 
W: > 0.25 µm 

AR: > 3:1 
 

High Mag: 
Count a minimum of 2 grid 
openings in 2 grids, then continue 
counting until one is achieved:  
i) sensitivity of 6.3E+03 g-1 is 
achieved  
ii) 50 LA structures are recorded  
iii) Total area of 1.2 mm2 of filter 
has been examined  
 
Low Mag: 
Count until one is achieved: 
i) sensitivity of 6.3E+03 g-1 is 
achieved  
ii) 50 LA structures are recorded 
(including the LA structures 
counted at high mag) 
iii) Total area of 3.0 mm2 of filter 
has been examined (including the 
area counted at high mag) 
 

LB-000016,  
LB-000029,  
LB-000066,  
LB-000067,  
LB-000085 

 

(f) The filter analyzed in the TEM must be from 10 to 30% loaded without uneven loading.  If this is not achieved, contact the FBAS preparation laboratory to request a 
new FBAS filter submittal.  Laboratories may elect to not analyze a filter that is 25% to 30% loaded if too many overlapping particles are observed based on professional 
judgment and request a new filter submittal.  EPA or their designate will indicate to the labs which FBAS filter samples are to be prepared directly and which are to be 
prepared indirectly after the results of the Rock Flour Study have been evaluated. 
(g) See most current version of EPA-LIBBY-08 for preparation details. 
(h) For Scenario 1, data recording for chrysotile is not necessary, but presence of chrysotile should be noted in analysis comments. For Scenario 2 and Scenario 5, 
chrysotile structures should be recorded, but chrysotile counting may stop after the 50th chrysotile structure has been recorded. 
(i) Only proceed with low magnification analysis if the high magnification analysis recorded fewer than 50 LA structures and the target analytical sensitivity was not 
achieved. 
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TEM Analysis Requirements for Fluidized Bed Preparation Quality Control Samples: 

Medium 
Code 

Sample Type 

Preparation  Details Analysis Details 
Applicable Laboratory 

Modifications  
(current versions of) 

Indirect Prep? 
Archive? Method 

Recording 
Rules 

Stopping Rules With 
Ashing 

Without 
Ashing 

J 

 
Preparation Blank,  

Lot Blank, Sieve Blank 
 

No No Yes 

TEM – ISO 
10312  

(High Mag, 
20,000X) 

All asbestos;  
L ≥ 0.5µm 
AR ≥ 3:1 

Examine  1.0 mm2 
of filter area 

LB-000016, LB-000019, 
LB-000028, LB-000029, 
LB-000030,  LB-000066, 
LB-000084, LB-000085 

 
3. WOOD CHIPS 
 
Wood Chip Preparation and Analysis Requirements: 

Preparation Method Analysis Method 
Applicable Laboratory 

Modifications 
(current version of) 

SOP DUFF-LIBBY-OU3, Rev. 1 
(see Section 6.1 and Section 6.2) 

TEM  – Modified ISO 10312 
(see below) 

None 

 
TEM Analysis Requirements for Wood Chip Samples: 

Medium 
Code 

Medium, 
Sample Type 

Preparation Details Analysis Details 
Applicable Laboratory 

Modifications 
(current version of) 

Investi- 
gative?  

Indirect Prep? 
Filter 

Archive? 
Method 

Recording 
Rules 

Analytical Sensitivity/ 
Prioritized Stopping Rules With 

Ashing 
Without 
Ashing 

K Wood Chips, 
Filter 

Yes No No Yes TEM – 
Modified  

ISO 10312 
(see Section 
6.2 of SOP 

DUFF-
LIBBY-OU3, 

Rev. 1) 

All asbestos; 
L: > 0.5 µm 
AR: > 3:1 

Count a minimum of 2 grid 
openings in 2 grids, then continue 
counting until one is achieved:  
i) sensitivity of 1E+07 g-1 is 
achieved  
ii) 50 LA structures are recorded  
iii) 1.0 mm2 of filter has been 
examined 
 

LB-000016, LB-000019, 
LB-000028, LB-000029, 
LB-000030, LB-000066, 
LB-000084, LB-000085 
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Analytical Laboratory Quality Control Sample Frequencies: 
TEM (j):   Lab Blank – 4%    PCM (k):  Blind Recounts – 10%  PLM (l): Lab Duplicate (self check) – 2%  

Recount Same – 1%         Lab Duplicate (cross check) – 8% 
  Recount Different – 3%  
  Verified Analysis – 1% 
  Repreparation – 1%  
 
(j) See LB-000029C for selection procedure and QC acceptance criteria 
(k) See NIOSH 7400 for QC acceptance criteria 
(l) See SRC-LIBBY-03 for QC acceptance criteria 
 
Requirements Revision: 

Revision #: Effective Date: Revision Description 
0 08/22/11 N/A 
1 08/26/11 Change TEM target sensitivity for ABS air samples based on revised draft RfC. 

Add target sensitivity for Scenario 2 (Borrow) and Scenario 5 (Background) per Revision #1 of the SAP. 
2 11/16/11 Update SOP for wood chip preparation and analysis. 
3 6/4/2012 Add target sensitivity for Scenario 4 (Tradesperson) per Revision #2 of the SAP; revise applicable TEM-

ISO 10312 Libby laboratory modifications to be current for tradesperson air and fluidized bed soil 
samples.  [Note: Other methods, SOPs, mods that may be out of date were not changed because the 
analysis is already complete.] 

 
Analytical Laboratory Review Sign-off: 
 

All laboratories signed the original version of this analytical summary sheet (Rev0); this revision did not require another signature process. 
 



APPENDIX F 
LABORATORY BENCH SHEETS AND ELECTRONIC DATA DELIVERABLE 

SPREADSHEETS 
(provided electronically) 

 



Data 
Source Address

Operable 
Unit IndexID

Sample QC 
Type

Sample 
Date

Personal/

Stationary

TWA/

EXC

Matrix 
Description Sample Task Description Sample Task Description Revised

PCM Result 
(f/cc)

PCM Result 
Group Selected

Libby2 152 Dolphin Way 4 2R‐08432 Field Sample 9/2/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.027 1 x‐alternate
Libby2 221 W Larch St 4 2R‐04963 Field Sample 5/6/09 Personal TWA Indoor Bulk Removal Bulk Removal ‐0.01 1

Libby2 218 Voves Ave 4 2R‐05293 Field Sample 5/20/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.023 1

Scribe 302 California Ave 4 2R‐04894 Field Sample 4/7/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.011 1 x

Scribe 317 Mineral Ave 4 2R‐09369 Field Sample 5/11/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.007 1

Scribe 789 Fish Hatchery Rd 4 2R‐09900 Field Sample 5/20/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.009 1

Scribe 803 Idaho Ave 4 2R‐10387 Field Sample 6/3/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.012 1 x‐alternate
Scribe 451 Farm To Market Rd 4 2R‐11085 Field Sample 6/29/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.025 1 x

Scribe 1306 Minnesota Ave 4 2R‐13490 Field Sample 10/4/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.012 1

Scribe 171 My Rd 4 2R‐13551 Field Sample 10/12/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.014 1 x‐alternate
Scribe 171 My Rd 4 2R‐13566 Field Sample 10/12/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.026 1

Scribe 171 My Rd 4 2R‐13703 Field Sample 10/11/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.015 1 x

Scribe 1365 Champion Haul Rd N 4 3R‐00830 Field Sample 8/8/11 Personal TWA Indoor Bulk removal Bulk Removal 0.01 1

Scribe 416 W 6th St 4 3R‐01464 Field Sample 8/22/11 Personal TWA Indoor Bulk removal Bulk Removal 0.018 1

Scribe 287 Park St 4 3R‐02901 Field Sample 10/25/11 Personal TWA Indoor Bulk removal Bulk Removal 0.017 1

Scribe 287 Park St 4 3R‐02908 Field Sample 10/26/11 Personal TWA Indoor Bulk removal Bulk Removal 0.015 1

Libby2 207 Doak Creek Rd 4 2R‐08913 Field Sample 10/14/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.06 2

Libby2 207 Doak Creek Rd 4 2R‐08912 Field Sample 10/14/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.076 2

Libby2 520 Utah Ave 4 2R‐07319 Field Sample 8/11/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.09 2

Libby2 3652 Kootenai River Rd 4 2R‐08429 Field Sample 8/28/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.046 2

Libby2 152 Dolphin Way 4 2R‐08431 Field Sample 9/1/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.049 2

Libby2 115 White Ave 4 2R‐06909 Field Sample 7/22/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.11 2

Libby2 221 W Larch St 4 2R‐04964 Field Sample 5/6/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.043 2

Libby2 232 Farm To Market Rd 4 2R‐06555 Field Sample 7/9/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.095 2

APPENDIX G. CANDIDATE H&S MONITORING SAMPLES

Libby2 218 Voves Ave 4 2R‐05296 Field Sample 5/20/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.041 2

Libby2 582 Reserve Rd 4 2R‐05198 Field Sample 5/13/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.057 2 x

Libby2 31242 US Highway 2 4 2R‐08686 Field Sample 9/26/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.055 2

Libby2 31242 US Highway 2 4 2R‐08688 Field Sample 9/26/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.06 2

Libby2 1420 Idaho Ave 4 2R‐09275 Field Sample 10/21/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.035 2 x‐alternate
Libby2 1420 Idaho Ave 4 2R‐09276 Field Sample 10/21/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.062 2

Scribe 302 California Ave 4 2R‐04892 Field Sample 4/7/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.041 2

Scribe 302 California Ave 4 2R‐04897 Field Sample 4/7/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.055 2

Scribe 302 California Ave 4 2R‐04898 Field Sample 4/7/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.033 2

Scribe 317 Mineral Ave 4 2R‐09368 Field Sample 5/11/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.11 2

Scribe 198 Cherry Creek Dr 4 2R‐10377 Field Sample 5/26/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.096 2

Scribe 803 Idaho Ave 4 2R‐10388 Field Sample 6/3/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.041 2

Scribe 658 W 2nd St 4 2R‐11134 Field Sample 7/20/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.09 2 x‐alternate
Scribe 222 Mineral Ave 4 2R‐12276 Field Sample 10/16/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.091 2

Scribe 209 Cherry Creek Dr 4 2R‐12607 Field Sample 8/26/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.03 2

Scribe 171 My Rd 4 2R‐13549 Field Sample 10/12/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.034 2

Scribe 171 My Rd 4 2R‐13567 Field Sample 10/12/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.081 2 x

Scribe 117 Dale St 4 2R‐14664 Field Sample 6/7/11 Personal TWA Indoor Bulk removal Bulk Removal 0.064 2 x

Scribe 117 Dale St 4 2R‐14665 Field Sample 6/7/11 Personal TWA Indoor Bulk removal Bulk Removal 0.045 2 x

Scribe 117 Dale St 4 2R‐14670 Field Sample 6/7/11 Personal TWA Indoor Bulk removal Bulk Removal 0.046 2

Scribe 703 Michigan Ave 4 3R‐00452 Field Sample 7/18/11 Personal TWA Indoor Bulk removal Bulk Removal 0.043 2
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Scribe 703 Michigan Ave 4 3R‐00453 Field Sample 7/18/11 Personal TWA Indoor Bulk removal Bulk Removal 0.055 2

Scribe 416 W 6th St 4 3R‐01008 Field Sample 8/15/11 Personal TWA Indoor Bulk removal Bulk Removal 0.12 2

Scribe 65 Burr Ave 4 3R‐02342 Field Sample 10/13/11 Personal TWA Indoor Bulk removal Bulk Removal 0.12 2 x‐alternate
Scribe 65 Burr Ave 4 3R‐02344 Field Sample 10/13/11 Personal TWA Indoor Bulk removal Bulk Removal 0.045 2

Scribe 287 Park St 4 3R‐02903 Field Sample 10/25/11 Personal TWA Indoor Bulk removal Bulk Removal 0.043 2

Libby2 520 Utah Ave 4 2R‐06898 Field Sample 8/11/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.29 3

Libby2 520 Utah Ave 4 2R‐07321 Field Sample 8/11/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.52 3

Libby2 115 White Ave 4 2R‐06910 Field Sample 7/22/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.17 3

Libby2 31425 US Highway 2 4 2R‐05861 Field Sample 6/8/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.25 3 x‐alternate
Libby2 31425 US Highway 2 4 2R‐05857 Field Sample 6/8/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.53 3

Libby2 31425 US Highway 2 4 2R‐05860 Field Sample 6/8/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.26 3

Libby2 2494 E 5th Street Ext 4 2R‐05865 Field Sample 6/9/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.46 3

Libby2 2494 E 5th Street Ext 4 2R‐05872 Field Sample 6/9/09 Personal TWA Indoor Bulk Removal Bulk Removal 1 3

Libby2 232 Farm To Market Rd 4 2R‐06552 Field Sample 7/9/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.32 3

Libby2 146 Bothman Dr 4 2R‐06564 Field Sample 7/13/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.19 3

Libby2 146 Bothman Dr 4 2R‐06565 Field Sample 7/13/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.37 3

Libby2 714 E 6th St 4 2R‐05417 Field Sample 5/26/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.25 3 x‐alternate
Libby2 582 Reserve Rd 4 2R‐05193 Field Sample 5/13/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.94 3 x

Libby2 582 Reserve Rd 4 2R‐05197 Field Sample 5/13/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.22 3 x‐alternate
Libby2 582 Reserve Rd 4 2R‐05194 Field Sample 5/13/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.2 3 x

Libby2 221 W Larch St 4 2R‐04953 Field Sample 5/5/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.14 3

Libby2 789 Flower Creek Rd 4 2R‐06207 Field Sample 6/18/09 Personal TWA Indoor Bulk Removal Bulk Removal 0.57 3

Libby2 789 Flower Creek Rd 4 2R‐06208 Field Sample 6/18/09 Personal TWA Indoor Bulk Removal Bulk Removal 1 3

Libby2 789 Flower Creek Rd 4 2R‐06210 Field Sample 6/18/09 Personal TWA Indoor Bulk Removal Bulk Removal 2.5 3

Libby2 789 Flower Creek Rd 4 2R‐06211 Field Sample 6/18/09 Personal TWA Indoor Bulk Removal Bulk Removal 1.3 3

Scribe 416 W 6th St 4 3R‐00796 Field Sample 8/16/11 Personal TWA Indoor Bulk removal Bulk Removal 0.34 3

Scribe 658 W 2nd St 4 2R‐11135 Field Sample 7/20/10 Personal TWA Indoor Bulk Removal Bulk Removal 1 3

Scribe 658 W 2nd St 4 2R‐11136 Field Sample 7/20/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.24 3

Scribe 31645 US Highway 2 4 2R‐11852 Field Sample 10/16/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.26 3

Scribe 222 Mineral Ave 4 2R‐12287 Field Sample 10/16/10 Personal TWA Indoor Bulk Removal Bulk Removal 1.6 3

Scribe 222 Mineral Ave 4 2R‐12289 Field Sample 10/16/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.67 3

Scribe 206 W Poplar St 4 2R‐12735 Field Sample 10/12/10 Personal TWA Indoor Bulk Removal Bulk Removal 0.32 3

Scribe 214 Mineral Ave 4 2R‐13214 Field Sample 10/9/10 Personal TWA Indoor Bulk Removal Bulk Removal 14 3 x

Scribe 214 Mineral Ave 4 2R‐13215 Field Sample 10/9/10 Personal TWA Indoor Bulk Removal Bulk Removal 2.6 3

Scribe 214 Mineral Ave 4 2R‐13220 Field Sample 10/9/10 Personal TWA Indoor Bulk Removal Bulk Removal 1.5 3

Scribe 214 Mineral Ave 4 2R‐13261 Field Sample 10/9/10 Personal TWA Indoor Bulk Removal Bulk Removal 1.4 3

Scribe 117 Dale St 4 2R‐14669 Field Sample 6/7/11 Personal TWA Indoor Bulk removal Bulk Removal 0.19 3

Scribe 416 W 6th St 4 3R‐00798 Field Sample 8/16/11 Personal TWA Indoor Bulk removal Bulk Removal 0.21 3

Libby2 385 Fish Hatchery Rd 4 2R‐09261 Field Sample 10/14/09 Personal TWA Indoor Demolition Indoor Demolition 0.025 1

Libby2 385 Fish Hatchery Rd 4 2R‐09265 Field Sample 10/15/09 Personal TWA Indoor Demolition Indoor Demolition 0.005 1

Libby2 385 Fish Hatchery Rd 4 2R‐09266 Field Sample 10/15/09 Personal TWA Indoor Demolition Indoor Demolition 0.004 1

Libby2 218 Mineral Ave 4 2R‐00596 Field Sample 1/20/09 Personal TWA Indoor Demolition Demolition ‐0.015 1

Libby2 218 Mineral Ave 4 2R‐04706 Field Sample 1/21/09 Personal TWA Indoor Demo Demolition 0.024 1 x‐alternate
Libby2 584 Spencer Rd 4 2R‐08434 Field Sample 9/4/09 Personal TWA Indoor Demolition Indoor Demolition ‐0.005 1

Libby2 1248 Nevada Ave 4 2R‐08695 Field Sample 9/29/09 Personal TWA Indoor Demolition Indoor Demolition 0.027 1
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Libby2 1248 Nevada Ave 4 2R‐08696 Field Sample 9/29/09 Personal TWA Indoor Demolition Indoor Demolition 0.026 1

Libby2 611 Wisconsin Ave 4 2R‐06597 Field Sample 7/20/09 Personal TWA Indoor Demolition Indoor Demolition 0.012 1

Libby2 611 Wisconsin Ave 4 2R‐06598 Field Sample 7/20/09 Personal TWA Indoor Demolition Indoor Demolition 0.019 1 x‐alternate
Libby2 1302 Airth Ave 4 2R‐06850 Field Sample 7/22/09 Personal TWA Indoor Demolition Indoor Demolition 0.02 1 x

Libby2 611 Wisconsin Ave 4 2R‐06978 Field Sample 7/23/09 Personal TWA Indoor Demolition Indoor Demolition 0.021 1

Libby2 250 Cedar Street Ext 4 2R‐04825 Field Sample 7/2/09 Personal TWA Indoor Demolition Indoor Demolition 0.026 1

Libby2 316 Idaho Ave 4 2R‐08685 Field Sample 9/25/09 Personal TWA Indoor Demolition Indoor Demolition ‐0.005 1

Libby2 316 Idaho Ave 4 2R‐08682 Field Sample 9/25/09 Personal TWA Indoor Demolition Indoor Demolition 0.022 1

Scribe 302 California Ave 4 2R‐04900 Field Sample 4/8/10 Personal TWA Indoor Demolition Demolition 0.018 1

Scribe 302 California Ave 4 2R‐04901 Field Sample 4/8/10 Personal TWA Indoor Demolition Demolition 0.009 1

Scribe 302 California Ave 4 2R‐04911 Field Sample 4/9/10 Personal TWA Indoor Demolition Demolition 0.017 1

Scribe 302 California Ave 4 2R‐04912 Field Sample 4/9/10 Personal TWA Indoor Demolition Demolition 0.008 1

Scribe 302 California Ave 4 2R‐04914 Field Sample 4/9/10 Personal TWA Indoor Demolition Demolition 0.013 1

Scribe 302 California Ave 4 2R‐04915 Field Sample 4/9/10 Personal TWA Indoor Demolition Demolition 0.005 1 x

Scribe 302 California Ave 4 2R‐05769 Field Sample 4/12/10 Personal TWA Indoor Demolition Demolition 0.005 1

Scribe 302 California Ave 4 2R‐05770 Field Sample 4/12/10 Personal TWA Indoor Demolition Demolition 0.004 1

Scribe 302 California Ave 4 2R‐05773 Field Sample 4/12/10 Personal TWA Indoor Demolition Demolition 0.004 1

Scribe 302 California Ave 4 2R‐05776 Field Sample 4/12/10 Personal TWA Indoor Demolition Demolition 0.009 1 x

Scribe 302 California Ave 4 2R‐05778 Field Sample 4/13/10 Personal TWA Indoor Demolition Demolition 0.006 1

Scribe 302 California Ave 4 2R‐05779 Field Sample 4/13/10 Personal TWA Indoor Demolition Demolition 0.005 1

Scribe 302 California Ave 4 2R‐05781 Field Sample 4/13/10 Personal TWA Indoor Demolition Demolition 0.008 1

Scribe 302 California Ave 4 2R‐05784 Field Sample 4/13/10 Personal TWA Indoor Demolition Demolition 0.006 1

Scribe 302 California Ave 4 2R‐05789 Field Sample 4/14/10 Personal TWA Indoor Demolition Demolition 0.007 1

Scribe 302 California Ave 4 2R‐05792 Field Sample 4/14/10 Personal TWA Indoor Demolition Demolition 0.01 1

Scribe 302 California Ave 4 2R‐05795 Field Sample 4/14/10 Personal TWA Indoor Demolition Demolition 0.007 1

Scribe 302 California Ave 4 2R‐05800 Field Sample 4/15/10 Personal TWA Indoor Demolition Demolition 0.004 1 x‐alternate
Scribe 302 California Ave 4 2R‐07881 Field Sample 4/15/10 Personal TWA Indoor Demolition Demolition 0.006 1

Scribe 302 California Ave 4 2R‐07883 Field Sample 4/15/10 Personal TWA Indoor Demolition Demolition 0.004 1

Scribe 302 California Ave 4 2R‐07884 Field Sample 4/15/10 Personal TWA Indoor Demolition Demolition 0.006 1

Scribe 302 California Ave 4 2R‐07886 Field Sample 4/15/10 Personal TWA Indoor Demolition Demolition 0.005 1

Scribe 302 California Ave 4 2R‐07887 Field Sample 4/15/10 Personal TWA Indoor Demolition Demolition 0.006 1

Scribe 302 California Ave 4 2R‐07893 Field Sample 4/16/10 Personal TWA Indoor Demolition Demolition 0.019 1

Scribe 302 California Ave 4 2R‐07895 Field Sample 4/16/10 Personal TWA Indoor Demolition Demolition 0.004 1

Scribe 302 California Ave 4 2R‐07907 Field Sample 4/21/10 Personal TWA Indoor Demolition Demolition 0.01 1

Scribe 302 California Ave 4 2R‐07910 Field Sample 4/21/10 Personal TWA Indoor Demolition Demolition 0.008 1

Scribe 302 California Ave 4 2R‐07913 Field Sample 4/21/10 Personal TWA Indoor Demolition Demolition 0.005 1

Scribe 302 California Ave 4 2R‐07914 Field Sample 4/21/10 Personal TWA Indoor Demolition Demolition 0.004 1

Scribe 302 California Ave 4 2R‐07920 Field Sample 4/22/10 Personal TWA Indoor Demolition Demolition 0.013 1

Scribe 302 California Ave 4 2R‐07924 Field Sample 4/22/10 Personal TWA Indoor Demolition Demolition 0.007 1

Scribe 302 California Ave 4 2R‐07927 Field Sample 4/23/10 Personal TWA Indoor Demolition Demolition 0.023 1

Scribe 302 California Ave 4 2R‐07928 Field Sample 4/23/10 Personal TWA Indoor Demolition Demolition 0.006 1

Scribe 302 California Ave 4 2R‐07934 Field Sample 4/23/10 Personal TWA Indoor Demolition Demolition 0.007 1

Scribe 302 California Ave 4 2R‐08546 Field Sample 4/27/10 Personal TWA Indoor Demolition Demolition 0.022 1

Scribe 302 California Ave 4 2R‐08553 Field Sample 4/27/10 Personal TWA Indoor Demolition Demolition 0.02 1

Scribe 302 California Ave 4 2R‐08566 Field Sample 4/30/10 Personal TWA Indoor Demolition Demolition 0.006 1
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Scribe 302 California Ave 4 2R‐08567 Field Sample 4/30/10 Personal TWA Indoor Demolition Demolition 0.01 1

Scribe 302 California Ave 4 2R‐08569 Field Sample 4/30/10 Personal TWA Indoor Demolition Demolition 0.006 1

Scribe 302 California Ave 4 2R‐08570 Field Sample 4/30/10 Personal TWA Indoor Demolition Demolition 0.007 1

Scribe 302 California Ave 4 2R‐08573 Field Sample 4/30/10 Personal TWA Indoor Demolition Demolition 0.006 1

Scribe 302 California Ave 4 2R‐08999 Field Sample 4/28/10 Personal TWA Indoor Demolition Demolition 0.01 1

Scribe 302 California Ave 4 2R‐09030 Field Sample 4/28/10 Personal TWA Indoor Demolition Demolition 0.007 1

Scribe 302 California Ave 4 2R‐09033 Field Sample 4/28/10 Personal TWA Indoor Demolition Demolition 0.007 1

Scribe 37736 US Highway 2 4 2R‐11639 Field Sample 7/16/10 Personal TWA Indoor Demolition Demolition 0.028 1

Scribe 37736 US Highway 2 4 2R‐11640 Field Sample 7/16/10 Personal TWA Indoor Demolition Demolition 0.014 1

Scribe 842 Quartz Rd 4 3R‐00620 Field Sample 7/27/11 Personal TWA Indoor Demolition Demolition 0.018 1

Scribe 82 Cedar Street Ext 4 3R‐00855 Field Sample 8/1/11 Personal TWA Indoor Demolition Demolition 0.016 1

Scribe 82 Cedar Street Ext 4 3R‐00857 Field Sample 8/1/11 Personal TWA Indoor Demolition Demolition 0.016 1

Scribe 419 Idaho Ave 4 3R‐02093 Field Sample 9/19/11 Personal TWA Indoor Demolition Demolition 0.018 1

Scribe 419 Idaho Ave 4 3R‐02079 Field Sample 9/16/11 Personal TWA Indoor Demolition Demolition 0.02 1

Scribe 419 Idaho Ave 4 3R‐01966 Field Sample 9/20/11 Personal TWA Indoor Demolition Demolition 0.01 1

Scribe 419 Idaho Ave 4 3R‐01967 Field Sample 9/20/11 Personal TWA Indoor Demolition Demolition 0.009 1

Scribe 419 Idaho Ave 4 3R‐01969 Field Sample 9/20/11 Personal TWA Indoor Demolition Demolition 0.025 1

Scribe 419 Idaho Ave 4 3R‐01970 Field Sample 9/20/11 Personal TWA Indoor Demolition Demolition 0.008 1

Scribe 287 Park St 4 3R‐02930 Field Sample 10/28/11 Personal TWA Indoor Demolition Demolition 0.02 1

Libby2 36262 US Highway 2 4 2R‐06866 Field Sample 7/29/09 Personal TWA Indoor Demolition Indoor Demolition 0.092 2

Libby2 36262 US Highway 2 4 2R‐06869 Field Sample 7/29/09 Personal TWA Indoor Demolition Indoor Demolition 0.09 2

Libby2 36262 US Highway 2 4 2R‐04840 Field Sample 7/28/09 Personal TWA Indoor Demolition Indoor Demolition 0.096 2

Libby2 36262 US Highway 2 4 2R‐04838 Field Sample 7/28/09 Personal TWA Indoor Demolition Indoor Demolition 0.11 2 x‐alternate
Libby2 36262 US Highway 2 4 2R‐07062 Field Sample 7/30/09 Personal TWA Indoor Demolition Indoor Demolition 0.068 2

Libby2 36262 US Highway 2 4 2R‐07064 Field Sample 7/30/09 Personal TWA Indoor Demolition Indoor Demolition 0.063 2

Libby2 207 Doak Creek Rd 4 2R‐08917 Field Sample 10/14/09 Personal TWA Indoor Demolition Indoor Demolition 0.051 2

Libby2 218 Mineral Ave 4 2R‐00599 Field Sample 1/20/09 Personal TWA Indoor Demolition Demolition 0.042 2 x

Libby2 867 E Lincoln Blvd 4 2R‐07501 Field Sample 8/17/09 Personal TWA Indoor Demolition Indoor Demolition 0.074 2

Libby2 218 Mineral Ave 4 2R‐04679 Field Sample 1/21/09 Personal TWA Indoor Demo Demolition 0.03 2

Libby2 74 Pine St 4 2R‐00584 Field Sample 1/9/09 Personal TWA Indoor Demolition Demolition 0.089 2

Libby2 74 Pine St 4 2R‐04079 Field Sample 1/9/09 Personal TWA Indoor Demolition Demolition 0.069 2

Libby2 1248 Nevada Ave 4 2R‐08692 Field Sample 9/28/09 Personal TWA Indoor Demolition Indoor Demolition 0.12 2

Libby2 1248 Nevada Ave 4 2R‐08693 Field Sample 9/28/09 Personal TWA Indoor Demolition Indoor Demolition 0.073 2 x‐alternate
Libby2 403 E 8th St 4 2R‐00164 Field Sample 3/9/09 Personal TWA Indoor Demo Demolition 0.034 2

Libby2 1302 Airth Ave 4 2R‐06853 Field Sample 7/22/09 Personal TWA Indoor Demolition Indoor Demolition 0.035 2

Libby2 1302 Airth Ave 4 2R‐06854 Field Sample 7/22/09 Personal TWA Indoor Demolition Indoor Demolition 0.1 2 x

Libby2 611 Wisconsin Ave 4 2R‐06979 Field Sample 7/23/09 Personal TWA Indoor Demolition Indoor Demolition 0.045 2

Libby2 250 Cedar Street Ext 4 2R‐04828 Field Sample 7/2/09 Personal TWA Indoor Demolition Indoor Demolition 0.043 2

Libby2 250 Cedar Street Ext 4 2R‐06543 Field Sample 7/8/09 Personal TWA Indoor Demolition Indoor Demolition 0.043 2

Libby2 867 E Lincoln Blvd 4 2R‐07438 Field Sample 8/19/09 Personal TWA Indoor Demolition Indoor Demolition 0.12 2

Libby2 34845 US Highway 2 4 2R‐07454 Field Sample 8/24/09 Personal TWA Indoor Demolition Indoor Demolition 0.042 2

Libby2 34845 US Highway 2 4 2R‐07459 Field Sample 8/25/09 Personal TWA Indoor Demolition Indoor Demolition 0.13 2

Libby2 34845 US Highway 2 4 2R‐07460 Field Sample 8/25/09 Personal TWA Indoor Demolition Indoor Demolition 0.04 2

Libby2 218 Mineral Ave 4 2R‐00589 Field Sample 1/16/09 Personal TWA Indoor Demolition Demolition 0.032 2

Libby2 218 Mineral Ave 4 2R‐00594 Field Sample 1/19/09 Personal TWA Indoor Demolition Demolition 0.1 2
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Libby2 74 Pine St 4 2R‐04078 Field Sample 1/9/09 Personal TWA Indoor Demolition Demolition 0.085 2

Libby2 218 Mineral Ave 4 2R‐04708 Field Sample 1/22/09 Personal TWA Indoor Demo Demolition 0.081 2

Libby2 208 Ski Rd 4 2R‐07609 Field Sample 8/26/09 Personal TWA Indoor Demolition Indoor Demolition 0.04 2

Libby2 403 E 8th St 4 2R‐00162 Field Sample 3/9/09 Personal TWA Indoor Demo Demolition 0.054 2

Libby2 34256 US Highway 2 4 2R‐04948 Field Sample 5/5/09 Personal TWA Indoor Demolition Indoor Demolition 0.03 2

Libby2 34256 US Highway 2 4 2R‐04949 Field Sample 5/5/09 Personal TWA Indoor Demolition Indoor Demolition 0.043 2

Libby2 316 Idaho Ave 4 2R‐08436 Field Sample 9/24/09 Personal TWA Indoor Demolition Indoor Demolition 0.072 2

Libby2 316 Idaho Ave 4 2R‐08438 Field Sample 9/24/09 Personal TWA Indoor Demolition Indoor Demolition 0.057 2

Libby2 316 Idaho Ave 4 2R‐08440 Field Sample 9/25/09 Personal TWA Indoor Demolition Indoor Demolition 0.036 2

Libby2 316 Idaho Ave 4 2R‐08683 Field Sample 9/25/09 Personal TWA Indoor Demolition Indoor Demolition 0.035 2

Scribe 302 California Ave 4 2R‐04903 Field Sample 4/8/10 Personal TWA Indoor Demolition Demolition 0.095 2

Scribe 302 California Ave 4 2R‐04904 Field Sample 4/8/10 Personal TWA Indoor Demolition Demolition 0.13 2

Scribe 302 California Ave 4 2R‐05772 Field Sample 4/12/10 Personal TWA Indoor Demolition Demolition 0.11 2

Scribe 302 California Ave 4 2R‐05775 Field Sample 4/12/10 Personal TWA Indoor Demolition Demolition 0.064 2

Scribe 302 California Ave 4 2R‐05782 Field Sample 4/13/10 Personal TWA Indoor Demolition Demolition 0.034 2

Scribe 302 California Ave 4 2R‐05785 Field Sample 4/13/10 Personal TWA Indoor Demolition Demolition 0.029 2

Scribe 302 California Ave 4 2R‐05788 Field Sample 4/14/10 Personal TWA Indoor Demolition Demolition 0.043 2

Scribe 302 California Ave 4 2R‐05791 Field Sample 4/14/10 Personal TWA Indoor Demolition Demolition 0.031 2

Scribe 302 California Ave 4 2R‐05794 Field Sample 4/14/10 Personal TWA Indoor Demolition Demolition 0.045 2

Scribe 302 California Ave 4 2R‐07892 Field Sample 4/16/10 Personal TWA Indoor Demolition Demolition 0.03 2

Scribe 302 California Ave 4 2R‐07901 Field Sample 4/21/10 Personal TWA Indoor Demolition Demolition 0.083 2

Scribe 302 California Ave 4 2R‐07904 Field Sample 4/21/10 Personal TWA Indoor Demolition Demolition 0.12 2

Scribe 302 California Ave 4 2R‐07908 Field Sample 4/21/10 Personal TWA Indoor Demolition Demolition 0.029 2

Scribe 302 California Ave 4 2R‐07921 Field Sample 4/22/10 Personal TWA Indoor Demolition Demolition 0.043 2

Scribe 302 California Ave 4 2R‐07940 Field Sample 4/26/10 Personal TWA Indoor Demolition Demolition 0.061 2

Scribe 302 California Ave 4 2R‐08552 Field Sample 4/27/10 Personal TWA Indoor Demolition Demolition 0.037 2

Scribe 302 California Ave 4 2R‐08555 Field Sample 4/29/10 Personal TWA Indoor Demolition Demolition 0.052 2

Scribe 302 California Ave 4 2R‐08997 Field Sample 4/28/10 Personal TWA Indoor Demolition Demolition 0.044 2 x‐alternate
Scribe 302 California Ave 4 2R‐09000 Field Sample 4/28/10 Personal TWA Indoor Demolition Demolition 0.11 2

Scribe 37736 US Highway 2 4 2R‐11638 Field Sample 7/16/10 Personal TWA Indoor Demolition Demolition 0.12 2

Scribe 66 Three Corner Rd 4 2R‐11968 Field Sample 8/3/10 Personal TWA Indoor Demolition Demolition 0.055 2

Scribe 66 Three Corner Rd 4 2R‐11969 Field Sample 8/3/10 Personal TWA Indoor Demolition Demolition 0.072 2

Scribe 66 Three Corner Rd 4 2R‐11984 Field Sample 8/4/10 Personal TWA Indoor Demolition Demolition 0.13 2

Scribe 66 Three Corner Rd 4 2R‐11985 Field Sample 8/4/10 Personal TWA Indoor Demolition Demolition 0.13 2

Scribe 719 Wisconsin Ave 4 2R‐13732 Field Sample 10/14/10 Personal TWA Indoor Demolition Demolition 0.06 2 x

Scribe 807 Louisiana Ave 4 2R‐13868 Field Sample 2/17/11 Personal TWA Indoor Demolition Demolition 0.064 2 x

Scribe 287 Park St 4 3R‐02933 Field Sample 10/28/11 Personal TWA Indoor Demolition Demolition 0.029 2

Libby2 36262 US Highway 2 4 2R‐06864 Field Sample 7/29/09 Personal TWA Indoor Demolition Indoor Demolition 0.15 3

Libby2 36262 US Highway 2 4 2R‐06867 Field Sample 7/29/09 Personal TWA Indoor Demolition Indoor Demolition 0.18 3

Libby2 867 E Lincoln Blvd 4 2R‐07502 Field Sample 8/17/09 Personal TWA Indoor Demolition Indoor Demolition 0.21 3

Libby2 74 Pine St 4 2R‐00585 Field Sample 1/9/09 Personal TWA Indoor Demolition Demolition 0.14 3

Libby2 611 Wisconsin Ave 4 2R‐06594 Field Sample 7/20/09 Personal TWA Indoor Demolition Indoor Demolition 1.2 3

Libby2 611 Wisconsin Ave 4 2R‐06595 Field Sample 7/20/09 Personal TWA Indoor Demolition Indoor Demolition 2 3

Libby2 611 Wisconsin Ave 4 2R‐06586 Field Sample 7/17/09 Personal TWA Indoor Demolition Indoor Demolition 0.18 3

Libby2 611 Wisconsin Ave 4 2R‐06587 Field Sample 7/17/09 Personal TWA Indoor Demolition Indoor Demolition 0.66 3
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Libby2 611 Wisconsin Ave 4 2R‐06589 Field Sample 7/17/09 Personal TWA Indoor Demolition Indoor Demolition 0.16 3

Libby2 611 Wisconsin Ave 4 2R‐06590 Field Sample 7/17/09 Personal TWA Indoor Demolition Indoor Demolition 0.67 3

Libby2 611 Wisconsin Ave 4 2R‐06600 Field Sample 7/21/09 Personal TWA Indoor Demolition Indoor Demolition 1.4 3 x‐alternate
Libby2 250 Cedar Street Ext 4 2R‐04829 Field Sample 7/2/09 Personal TWA Indoor Demolition Indoor Demolition 0.17 3

Libby2 250 Cedar Street Ext 4 2R‐06546 Field Sample 7/8/09 Personal TWA Indoor Demolition Indoor Demolition 0.16 3

Libby2 867 E Lincoln Blvd 4 2R‐07435 Field Sample 8/19/09 Personal TWA Indoor Demolition Indoor Demolition 0.21 3

Libby2 34845 US Highway 2 4 2R‐07453 Field Sample 8/24/09 Personal TWA Indoor Demolition Indoor Demolition 0.17 3

Libby2 208 Ski Rd 4 2R‐07605 Field Sample 8/25/09 Personal TWA Indoor Demolition Indoor Demolition 0.18 3

Libby2 208 Ski Rd 4 2R‐07604 Field Sample 8/25/09 Personal TWA Indoor Demolition Indoor Demolition 0.29 3

Libby2 218 Mineral Ave 4 2R‐00588 Field Sample 1/16/09 Personal TWA Indoor Demolition Demolition 0.28 3

Libby2 218 Mineral Ave 4 2R‐00593 Field Sample 1/19/09 Personal TWA Indoor Demolition Demolition 0.32 3

Libby2 1302 Airth Ave 4 2R‐06851 Field Sample 7/22/09 Personal TWA Indoor Demolition Indoor Demolition 0.36 3

Libby2 250 Cedar Street Ext 4 2R‐06540 Field Sample 7/7/09 Personal TWA Indoor Demolition Indoor Demolition 0.94 3

Libby2 250 Cedar Street Ext 4 2R‐06541 Field Sample 7/7/09 Personal TWA Indoor Demolition Indoor Demolition 0.31 3

Libby2 250 Cedar Street Ext 4 2R‐06537 Field Sample 7/7/09 Personal TWA Indoor Demolition Indoor Demolition 2.6 3

Libby2 250 Cedar Street Ext 4 2R‐06538 Field Sample 7/7/09 Personal TWA Indoor Demolition Indoor Demolition 1.7 3

Libby2 611 Wisconsin Ave 4 2R‐06841 Field Sample 7/21/09 Personal TWA Indoor Demolition Indoor Demolition 1.2 3

Libby2 611 Wisconsin Ave 4 2R‐06843 Field Sample 7/21/09 Personal TWA Indoor Demolition Indoor Demolition 0.94 3

Libby2 611 Wisconsin Ave 4 2R‐06844 Field Sample 7/21/09 Personal TWA Indoor Demolition Indoor Demolition 0.86 3

Libby2 208 Ski Rd 4 2R‐07610 Field Sample 8/26/09 Personal TWA Indoor Demolition Indoor Demolition 0.73 3

Libby2 208 Ski Rd 4 2R‐07611 Field Sample 8/26/09 Personal TWA Indoor Demolition Indoor Demolition 2.1 3

Scribe 302 California Ave 4 2R‐04908 Field Sample 4/9/10 Personal TWA Indoor Demolition Demolition 0.83 3

Scribe 302 California Ave 4 2R‐04909 Field Sample 4/9/10 Personal TWA Indoor Demolition Demolition 0.23 3

Scribe 302 California Ave 4 2R‐04917 Field Sample 4/9/10 Personal TWA Indoor Demolition Demolition 0.51 3 x‐alternate
Scribe 302 California Ave 4 2R‐07902 Field Sample 4/21/10 Personal TWA Indoor Demolition Demolition 0.14 3

Scribe 302 California Ave 4 2R‐07905 Field Sample 4/21/10 Personal TWA Indoor Demolition Demolition 0.23 3

Scribe 302 California Ave 4 2R‐07911 Field Sample 4/21/10 Personal TWA Indoor Demolition Demolition 0.15 3

Scribe 302 California Ave 4 2R‐07917 Field Sample 4/22/10 Personal TWA Indoor Demolition Demolition 0.14 3

Scribe 302 California Ave 4 2R‐07918 Field Sample 4/22/10 Personal TWA Indoor Demolition Demolition 0.14 3

Scribe 302 California Ave 4 2R‐07923 Field Sample 4/22/10 Personal TWA Indoor Demolition Demolition 0.22 3

Scribe 302 California Ave 4 2R‐07930 Field Sample 4/23/10 Personal TWA Indoor Demolition Demolition 0.18 3

Scribe 302 California Ave 4 2R‐07931 Field Sample 4/23/10 Personal TWA Indoor Demolition Demolition 0.57 3

Scribe 302 California Ave 4 2R‐07933 Field Sample 4/23/10 Personal TWA Indoor Demolition Demolition 0.18 3

Scribe 302 California Ave 4 2R‐07937 Field Sample 4/26/10 Personal TWA Indoor Demolition Demolition 0.38 3

Scribe 302 California Ave 4 2R‐08540 Field Sample 4/26/10 Personal TWA Indoor Demolition Demolition 0.34 3

Scribe 302 California Ave 4 2R‐08542 Field Sample 4/26/10 Personal TWA Indoor Demolition Demolition 0.17 3

Scribe 302 California Ave 4 2R‐08543 Field Sample 4/26/10 Personal TWA Indoor Demolition Demolition 0.5 3

Scribe 302 California Ave 4 2R‐08547 Field Sample 4/27/10 Personal TWA Indoor Demolition Demolition 0.3 3

Scribe 302 California Ave 4 2R‐08549 Field Sample 4/27/10 Personal TWA Indoor Demolition Demolition 0.28 3

Scribe 302 California Ave 4 2R‐08550 Field Sample 4/27/10 Personal TWA Indoor Demolition Demolition 0.22 3

Scribe 302 California Ave 4 2R‐08557 Field Sample 4/29/10 Personal TWA Indoor Demolition Demolition 0.58 3

Scribe 302 California Ave 4 2R‐08558 Field Sample 4/29/10 Personal TWA Indoor Demolition Demolition 0.14 3

Scribe 302 California Ave 4 2R‐08560 Field Sample 4/29/10 Personal TWA Indoor Demolition Demolition 0.56 3

Scribe 302 California Ave 4 2R‐08561 Field Sample 4/29/10 Personal TWA Indoor Demolition Demolition 0.27 3

Scribe 302 California Ave 4 2R‐08563 Field Sample 4/29/10 Personal TWA Indoor Demolition Demolition 0.53 3
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Scribe 302 California Ave 4 2R‐08572 Field Sample 4/30/10 Personal TWA Indoor Demolition Demolition 0.18 3

Scribe 302 California Ave 4 2R‐08576 Field Sample 5/1/10 Personal TWA Indoor Demolition Demolition 0.42 3

Scribe 302 California Ave 4 2R‐08577 Field Sample 5/1/10 Personal TWA Indoor Demolition Demolition 0.42 3

Scribe 302 California Ave 4 2R‐08579 Field Sample 5/1/10 Personal TWA Indoor Demolition Demolition 0.25 3

Scribe 302 California Ave 4 2R‐08580 Field Sample 5/1/10 Personal TWA Indoor Demolition Demolition 0.33 3

Scribe 302 California Ave 4 2R‐09031 Field Sample 4/28/10 Personal TWA Indoor Demolition Demolition 0.28 3

Scribe 203 E Balsam St 4 2R‐10658 Field Sample 6/10/10 Personal TWA Indoor Demolition Demolition 0.41 3

Scribe 719 Wisconsin Ave 4 2R‐13729 Field Sample 10/14/10 Personal TWA Indoor Demolition Demolition 0.8 3 x

Scribe 719 Wisconsin Ave 4 2R‐13731 Field Sample 10/14/10 Personal TWA Indoor Demolition Demolition 1 3 x

Scribe 226 Spencer Rd 4 2R‐13833 Field Sample 12/9/10 Personal TWA Indoor Demolition Demolition 1.7 3 x‐alternate
Scribe 807 Louisiana Ave 4 2R‐13864 Field Sample 2/16/11 Personal TWA Indoor Demolition Demolition 0.27 3

Scribe 807 Louisiana Ave 4 2R‐13865 Field Sample 2/16/11 Personal TWA Indoor Demolition Demolition 0.14 3 x

Scribe 419 Idaho Ave 4 3R‐02091 Field Sample 9/19/11 Personal TWA Indoor Demolition Demolition 0.27 3

Scribe 419 Idaho Ave 4 3R‐02076 Field Sample 9/16/11 Personal TWA Indoor Demolition Demolition 0.72 3

Libby2 221 W Larch St 4 2R‐04972 Field Sample 5/6/09 Personal TWA Indoor Attic : Detailing Detailing attic 0.022 1 x‐alternate
Libby2 221 W Larch St 4 2R‐04971 Field Sample 5/6/09 Personal TWA Indoor Attic : Detailing Detailing attic ‐0.01 1

Scribe 117 Dale St 4 2R‐14677 Field Sample 6/8/11 Personal TWA Indoor Detailing attic Detailing attic 0.027 1 x

Scribe 117 Dale St 4 2R‐14679 Field Sample 6/8/11 Personal TWA Indoor Detailing attic Detailing attic 0.023 1

Scribe 117 Dale St 4 2R‐14680 Field Sample 6/8/11 Personal TWA Indoor Detailing attic Detailing attic 0.011 1 x‐alternate
Scribe 117 Dale St 4 2R‐14685 Field Sample 6/9/11 Personal TWA Indoor Detailing attic Detailing attic 0.019 1

Scribe 117 Dale St 4 2R‐14686 Field Sample 6/9/11 Personal TWA Indoor Detailing attic Detailing attic 0.018 1 x

Scribe 416 W 6th St 4 3R‐01466 Field Sample 8/22/11 Personal TWA Indoor Detailing attic Detailing attic 0.02 1

Scribe 416 W 6th St 4 3R‐01470 Field Sample 8/22/11 Personal TWA Indoor Detailing attic Detailing attic 0.026 1 x

Scribe 416 W 6th St 4 3R‐01469 Field Sample 8/22/11 Personal TWA Indoor Detailing attic Detailing attic 0.013 1

Scribe 287 Park St 4 3R‐02914 Field Sample 10/26/11 Personal TWA Indoor Detailing attic Detailing attic 0.011 1 x‐alternate
Scribe 287 Park St 4 3R‐02916 Field Sample 10/26/11 Personal TWA Indoor Detailing attic Detailing attic 0.012 1

Scribe 287 Park St 4 3R‐02927 Field Sample 10/27/11 Personal TWA Indoor Detailing attic Detailing attic 0.021 1 x

Scribe 287 Park St 4 3R‐02925 Field Sample 10/27/11 Personal TWA Indoor Detailing attic Detailing attic 0.02 1

Libby2 221 W Larch St 4 2R‐05041 Field Sample 5/7/09 Personal TWA Indoor Attic : Detailing Detailing attic 0.039 2

Libby2 221 W Larch St 4 2R‐04980 Field Sample 5/7/09 Personal TWA Indoor Attic : Detailing Detailing attic 0.031 2 x

Libby2 232 Farm To Market Rd 4 2R‐06561 Field Sample 7/9/09 Personal TWA Indoor Attic Detailing Detailing attic 0.055 2 x‐alternate
Libby2 232 Farm To Market Rd 4 2R‐06556 Field Sample 7/9/09 Personal TWA Indoor Attic Detailing Detailing attic 0.1 2

Libby2 232 Farm To Market Rd 4 2R‐06558 Field Sample 7/9/09 Personal TWA Indoor Attic Detailing Detailing attic 0.041 2 x

Scribe 117 Dale St 4 2R‐14678 Field Sample 6/8/11 Personal TWA Indoor Detailing attic Detailing attic 0.036 2 x‐alternate
Scribe 117 Dale St 4 2R‐14683 Field Sample 6/9/11 Personal TWA Indoor Detailing attic Detailing attic 0.036 2 x

Scribe 117 Dale St 4 2R‐14684 Field Sample 6/9/11 Personal TWA Indoor Detailing attic Detailing attic 0.032 2 x‐alternate
Libby2 232 Farm To Market Rd 4 2R‐06559 Field Sample 7/9/09 Personal TWA Indoor Attic Detailing Detailing attic 0.2 3 x‐alternate
Libby2 582 Reserve Rd 4 2R‐05201 Field Sample 5/13/09 Personal TWA Indoor Attic : Detailing Detailing attic 0.37 3 x

Scribe 416 W 6th St 4 3R‐01468 Field Sample 8/22/11 Personal TWA Indoor Detailing attic Detailing attic 0.39 3 x

Scribe 416 W 6th St 4 3R‐01471 Field Sample 8/22/11 Personal TWA Indoor Detailing attic Detailing attic 0.86 3 x

Libby2 51 Granite Ave 4 2R‐08422 Field Sample 9/14/09 Personal TWA Indoor cleaning/detailing Wet wipe/HEPA vac living space ‐0.006 1

Libby2 34256 US Highway 2 4 2R‐04933 Field Sample 5/4/09 Personal TWA Indoor Cleaning Wet wipe/HEPA vac living space 0.019 1 x‐alternate
Libby2 34256 US Highway 2 4 2R‐04934 Field Sample 5/4/09 Personal TWA Indoor Interior  Wet wipe/HEPA vac living space 0.021 1 x

Scribe 302 California Ave 4 2R‐07889 Field Sample 4/16/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.008 1

Scribe 302 California Ave 4 2R‐07890 Field Sample 4/16/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.011 1
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Scribe 302 California Ave 4 2R‐09036 Field Sample 5/4/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.006 1 x‐alternate
Scribe 302 California Ave 4 2R‐09037 Field Sample 5/4/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.006 1

Scribe 302 California Ave 4 2R‐09039 Field Sample 5/4/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.007 1 x‐alternate
Scribe 302 California Ave 4 2R‐09040 Field Sample 5/4/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.011 1

Scribe 214 Mineral Ave 4 2R‐13269 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.024 1

Scribe 214 Mineral Ave 4 2R‐13744 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.024 1 x

Scribe 214 Mineral Ave 4 2R‐13746 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.017 1 x

Libby2 37932 US Highway 2 4 2R‐05004 Field Sample 5/8/09 Personal TWA Indoor Interior : Cleaning Wet wipe/HEPA vac living space 0.094 2 x‐alternate
Libby2 37932 US Highway 2 4 2R‐05008 Field Sample 5/8/09 Personal TWA Indoor Interior : Cleaning Wet wipe/HEPA vac living space 0.063 2 x

Libby2 37932 US Highway 2 4 2R‐05009 Field Sample 5/8/09 Personal TWA Indoor Interior : Cleaning Wet wipe/HEPA vac living space 0.074 2

Libby2 37932 US Highway 2 4 2R‐05010 Field Sample 5/8/09 Personal TWA Indoor Interior : Cleaning Wet wipe/HEPA vac living space 0.071 2 x‐alternate
Scribe 222 Mineral Ave 4 2R‐12285 Field Sample 10/16/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.055 2 x

Scribe 222 Mineral Ave 4 2R‐12286 Field Sample 10/16/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.06 2

Scribe 222 Mineral Ave 4 2R‐12288 Field Sample 10/16/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.12 2 x

Scribe 214 Mineral Ave 4 2R‐13268 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.098 2 x‐alternate
Scribe 222 Mineral Ave 4 2R‐12275 Field Sample 10/16/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.81 3 x

Scribe 222 Mineral Ave 4 2R‐12277 Field Sample 10/16/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.34 3

Scribe 222 Mineral Ave 4 2R‐12278 Field Sample 10/16/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.92 3 x‐alternate
Scribe 214 Mineral Ave 4 2R‐13216 Field Sample 10/9/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 8.6 3 x

Scribe 214 Mineral Ave 4 2R‐13262 Field Sample 10/9/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 1.3 3 x‐alternate
Scribe 214 Mineral Ave 4 2R‐13265 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.22 3

Scribe 214 Mineral Ave 4 2R‐13266 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.19 3 x

Scribe 214 Mineral Ave 4 2R‐13271 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.21 3

Scribe 214 Mineral Ave 4 2R‐13272 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.34 3 x‐alternate
Scribe 214 Mineral Ave 4 2R‐13274 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 1 3

Scribe 214 Mineral Ave 4 2R‐13276 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.59 3

Scribe 214 Mineral Ave 4 2R‐13745 Field Sample 10/10/10 Personal TWA Indoor Wet wipe/HEPA vac living space Wet wipe/HEPA vac living space 0.23 3 x

PCM = phase contrast microscopy EXC = excursion f/cc = fibers per cubic centimeter

TWA = time‐weighted average QC = quality control
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