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The United States Environmental Protection Agency (EPA) responded to the
September 11, 2001 attack upon the World Trade Center in conjunction with the
President's declaration of a national disaster. The Federal Emergency
Management Agency (FEMA), as the federal coordinating office in the disaster,
issued mission assignments to EPA in the areas of cleaning dust/debris from the
streets of lower Manhattan, sampling the ambient environment (air and dust
samples), providing washing stations for personnel working at the WTC response
and recovery site as well as equipment and dust/debris being removed from the
site, and disposal of hazardous materials found at the WTC site.

Residents of lower Manhattan began to raise their concerns about the safety and
reliability of cleaning methods to remove dust and debris from their residential
units and building facades. Traditional FEMA support programs were available.
Yet due to the unprecedented nature of the disaster and on-going concerns,
residents continued to request additional assistance. After evaluating the concerns
related to indoor impacts of dust and debris and fire related particle deposition,
EPA Administrator Christine Todd Whitman formed an Interagency Indoor Air
Task Force. This group included representatives from the following agencies: the
regional and national office of the EPA, FEMA, the New York City Department
of Health and Mental Hygiene NYCDOHMH), the New York City Department
of Environmental Protection (NYCDEP), the New York State Department of
Environmental Conservation(NYSDEC), the New York State Department of
Health (NYSDOH) the Occupational Safety and Health Agency (OSHA), and the
Agency for Toxic Substances and Disease Registry (ATSDR). The group
recommended various issues that could be addressed. Thus, in May 2001, EPA,
FEMA and NYC announced a voluntary cleanup program for residential units,
that would run in parallel to several other efforts to address the concerns of lower
Manhattan residents regarding the potential risks from exposure to residual WTC
dust and debris. These efforts were funded by FEMA through interagency
agreements with EPA and NYC and include: ’

. identification of the Contaminants of Potential Concern (COPCs)

. a background study of the COPCs in upper Manhattan (Background
Study)

. inspection and cleaning of building exteriors in lower Manhattan
. Indoor Air Residential Assistance - WTC Dust Cleanup Program
. cleaning of unoccupied, uncleaned buildings, and

. a study of cleaning techniques in an unoccupied building adjacent to the
WTC site that was directly impacted by the WTC collapse (WTC
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Residential Confirmation Cleaning Study)

These efforts have been conducted simultaneously to ensure that residents are
provided the opportunity to have any WTC residual material removed from their
units as quickly as possible.

This report presents the results of the WT'C Background Study conducted by EPA.
Results from this Study cannot account for the variability with indoor
environments in general (i.e., cross contamination from outdoors to indoors, way
of life and level of cleanliness). The measurements are limited to each specific
apartment or common area sampled at that specific time the samples were
collected.

Project Objectives / Overview

The objective of this Background Study was to determine and/or estimate indoor
baseline levels.or background concentrations for the presence of specific
contaminants related to building materials and combustion byproducts that may
be released when building materials are burned during a fire. The background
concentrations derived from this Study will be used to supplement the health-
based benchmarks established in the "World Trade Center Indoor Air Assessment:
Selecting Contaminants of Potential Concern and Setting Health-Based
Benchmarks" document and were identified as a potential source of alternate

* cleanup values if the health-based benchmarks were not able to be achieved. The

selected Contaminants of Potential Concern (COPC) includes asbestos, lead,
dioxins, polycyclic aromatic hydrocarbons (PAHs), fibrous glass and minerals
including crystalline silica (i.e., a-quartz, cristobalite, tridymite), calcite, gypsum,
and portlandite.

The number of buildings, residences and common spaces samples were
determined by what could practically be achieved to avoid impeding the project.
The geographical area for the Background Study (78th Street and North) was
selected based on preliminary modeling of meteorological data on September 11,
2001 and shortly thereafter. The modeling was performed by EPA’s Office of
Research and Development. The distance of buildings sampled in the Study with
respect to the WTC site ranges from 8 to 19 kilometers (5 to 12 miles).

Sampling was conducted in fourteen residential buildings not impacted by the
airborne dust plume which emanated from the WTC site. When possible, samples
were collected from two residential units and from one common area, such as the
lobby, hallway, stairwell, or building laundry facility, in each building. In total
EPA sampled twenty-five residential units and nine common areas within the
fourteen buildings. Results of the Background Study are discussed in general
terms and are not specific to the units sampled.

WORLD TRADE CENTER BACKGROUND STUDY 2
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INTRODUCTION

A Background Study of the Contaminants of Potential Concern (COPCs) in upper
Manhattan was conducted in parallel to several other efforts to address the
concerns of lower Manhattan residents regarding the potential risks from exposure
to residual WTC dust and debris. These efforts were funded by FEMA through
agreements with EPA and the City of New York (NYC).

While there are background reference levels for a few indoor air pollutants,
comprehensive reference levels (i.e., normative concentrations) for typical
residences do not exist for several reasons. In contrast to the situation for many
outdoor air pollutants which have been routinely monitored for decades because
of legislative mandates, no such legislation exists for indoor air pollutants.

Indoor monitoring has been generally limited because of its cost, the difficulty of
obtaining access to residences due to privacy issues as well as the noise and
inconvenience of sampling equipment and monitoring instrumentation. The size
of a nationally representative monitoring network for residences could also be
large and therefore require costly and complex studies because of the need to
capture variability due to regional differences in housing construction, differences
in residential types (e.g., apartments vs. single-family detached houses), seasonal
differences in operation of the residence (e.g., heating vs. air conditioning),
differences in human activities (e.g., smoking, cleaning methods...) occupant
demographics and density, age of housing and related housing maintenance
practices (e.g., use of lead-based paint). In summary, useful reference levels for
air pollutants or contaminants indoors typically do not exist.

BACKGROUND AND PROJECT DESCRIPTION
Background

In June 2002, EPA entered into an agreement with FEMA in order to continue to
assess the impacts of possible contamination from WTC related dust in indoor
residential environments. As part of this assessment, EPA needed to identify
what levels of pollutants existed in indoor residential environments in New York
City prior to September 11, 2001. To accomplish this, EPA developed and
implemented a plan for sampling and analyzing the dust present in residential
buildings located in upper Manhattan that were not affected by the collapse of the
WTC from which to infer contamination levels in downtown residential building
prior to September 11, 2001.

Purpose/Objective

The objective of the Background Study was to determine indoor baseline levels or
background concentrations for the presence of specific contaminants related to
materials used during the construction of buildings, materials that are typically
found within occupied buildings and any combustion byproducts caused by fires.

WORLD TRADE CENTER BACKGROUND STUDY 6
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The background concentrations derived from this Study will be used to
supplement the health-based benchmarks established in the "World Trade Center
Indoor Air Assessment: Selecting Contaminants of Potential Concern and Setting
Health-Based Benchmarks" document and were identified as a potential source of
alternate cleanup values if the health-based benchmarks were not able to be
achieved.

The selected COPCs include asbestos in air' by phase contrast microscopy
equivalent (PCMe), phase contrast microscopy (PCM) and transmission electron
microscopy (TEM) Asbestos Hazard Emergency Response Act (AHERA)?,
asbestos in settled dust, lead in air and settled dust, dioxins in settled dust,
polycyclic aromatic hydrocarbons (PAHs) in settled dust, fibrous glass and
minerals including alpha-quartz, cristobalite and tridymite, hereinafter referred to
as crystalline silica, and other mineral dusts including calcite, gypsum, and
portlandite in both air and settled dust. These contaminants are discussed in detail
in the peer review draft report "World Trade Center Indoor Air Assessment:
Selecting Contaminants of Potential Concern and Setting Health-Based
Benchmarks" provided as Attachment A.

Project Description

Sampling was conducted in fourteen residential Manhattan buildings not
impacted by the airborne dust plume that emanated from the WTC site.

When possible, samples were collected from two residential units and from one
common area, such as the lobby, hallway, stairwell, or shared laundry facility in
each building. In total, EPA sampled twenty-five residential units and nine
common areas within the fourteen buildings. Results of the Study are discussed
in general terms and are not specific to the units sampled. In accordance with the
agreement for Consent for Access for Environmental Sampling for the WTC
Background Study, the addresses of the buildings and apartments, including the
identity of the volunteers, will remain confidential.

! The asbestos air samples were collected according to NIOSH 7400 (PCM).
The sample filters were analyzed using a modified AHERA method. Although the total
TEM (AHERA) fiber count was recorded, a separate PCMe count was recorded by

' modifying the AHERA method to count only fibers greater than Sum (micrometer). It is

this modified AHERA PCMe fiber count that was the basis of the asbestos test results
and health based benchmarks.

? The EPA regulates asbestos contaminated materials (ACMs) in schools via the
Asbestos Hazard Emergency Response Act (AHERA) of 1986. The AHERA schools rule
requires all public school districts and private schools to inspect all school buildings for
ACMs; to develop plans to manage asbestos in schools; and to carry out the plans in a
timely fashion. The rule also provides an opportunity for parents, teachers, and other
school employees to become familiar with and involved in their school’s asbestos
management programs.
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Project Team/Responsibilities

EPA Region 2 staff provided overall management and oversight of the project,
identified participant buildings, obtained access to participant buildings and
implemented the field sampling portion of the project with the assistance of
EPA’s contractor, TRC Solutions Inc. (TRC). All communication regarding site
work activities, work scheduling, difficulties encountered, deviations from the
QAPP/sampling plan, and project progress was addressed by the EPA Project
Officer on a daily basis. TRC provided deliverables and services associated with
the sampling operations for this project.

Data Usage

The data generated from this Study were used to establish baseline information on
residential contaminant levels found in typical NYC dwellings.

The analytical data collected were evaluated first for individual apartments and
common areas and second, cumulatively, which consisted of combining data sets
for residential dwellings and common areas (i.e., asbestos wipe sample data for
residential dwellings, common areas and a combined data set for residential and
common spaces) to derive background concentrations representative for
Manhattan.

The confidential evaluation prepared for individual apartments compared the
reported results for each sample to the health-based benchmarks developed in the
peer review draft of the "World Trade Center Indoor Air Assessment: Selecting
Contaminants of Potential Concern and Setting Health-Based Benchmarks"
document. The analytical data for each analyte were presented in tabular format
for each apartment with text that explains the reported results. Any sampling that
resulted in detections exceeding the health-based benchmarks was discussed in a
detailed letter and orally when requested by the resident or owner.

Cumulatively, the data were statistically evaluated to provide descriptive statistics
for each analyte and sample matrix. For each analyte, a recommended
concentration that is representative of background concentrations under a given
set of assumptions, for upper Manhattan, is discussed in Section 6.0 and presented
in Table 8-1.

Results from this Study cannot account for the variability with indoor
environments in general (e.g., cross contamination from outdoor environments to
indoor environments, way of life, and level of cleanliness). The measurements
are limited to each specific apartment or common area sampled at that specific
time the samples were collected. The selection of sample point locations within
each unit were decided in the field, on a case-by-case basis and do not represent
the entire apartment or common area sampled.

WORLD TRADE CENTER BACKGROUND STUDY 8



NYC 9/11 Public Portal Document

. 3.0
3.1

3.2

NYC-WTC_000145884

SAMPLING APPROACH/RATIONALE
Selection of Sampling Area Location

The geographical area (Figure 1) for the Background Study (78th Street and
North) was selected based on preliminary modeling of meteorological data on
September 11, 2001 and shortly thereafter. The modeling was performed by
EPA’s Office of Research and Development (Huber, 2003). This geographical
area is an area well north of the portion of Manhattan that may have been affected
by the deposition of particulate matter from the collapse of the WTC. The
distance of buildings sampled in the Study with respect to the WTC site ranges
from 8 to 19 kilometers (5 to 12 miles).

The modeling produced isopleth plots which present the dilution of the particulate
emissions from the WTC site. These plots indicate that the plume was dispersed
and diluted, with the concentration of particulate matter ranging from 1,000 to
10,000 times less than at the WTC site as one moves away from the WTC site in a
northeast direction. These isopleths are based on how much the plume was
dispersed and diluted by weather conditions and are not based on the amount of
emissions from the WTC site.

Selection of Building Types and Obtaining Access

EPA and other members of the Indoor Air Working Group selected the building
types designated for this Study. This Study attempted to focus on sampling sites
that are similar to the downtown residential housing stock. This stock included:
post-1920 non-doorman mid-rise apartments, high-rise condominiums, high-rise
co-operatives, and turn-of-the-century tenements. Downtown residential lofts
could not be represented in the Study, since lofts located uptown are designated
for commercial use only.

In order to solicit volunteer participants from the targeted building types, a list of
buildings matching the housing stock described above was provided to EPA and
the NYCDOHMH by the New York City Department of Housing Preservation
and Development (NYCHPD).

Initially, the task of obtaining access to buildings that would be included in the
Study was the responsibility of NYCDOHMH. During the month of June, 2002
EPA assumed the responsibility for obtaining building access. EPA staff
exhausted the list provided by the NYCHPD. Due to the lack of willing
participants on this list, the difficulty with obtaining access, and time constraints
under the Inter-Agency Agreements (IAA), EPA initiated cold calling and
essentially door to door solicitation in order to solicit volunteers and gain access
to buildings for participation in the Study. Therefore, not all of the buildings
sampled as part of the Study were obtained from the list provided. Any building
willing to participate in the Study was considered for sampling until fourteen
buildings were obtained. This is a deviation from the initial sampling plan
regarding representation of the diverse housing stock mentioned above. The
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buildings sampled were constructed roughly between 1892 and 1981.

EPA began the task of obtaining access to building common areas and residential
units on June 14, 2002 and continued through September 23, 2002. As access
agreements were signed and returned from volunteer participants, appointments
were scheduled for sampling of the building. Sample collection activities were
completed on September 25, 2002.

Selection Criteria for Number of Buildings, Residences and Common Space
Sampled

The number of buildings, residences and common spaces samples were
determined by what could practically be achieved to avoid impeding the project.
There were no formal criteria established for selecting the number of buildings to
be incorporated into the study or the number of residential dwellings and common
spaces to be sampled within each building due to the difficulty in obtaining access
and time constraints for conducting the Study.

The objective of the Study was to collect samples from at least three sites within
each building: two or more residential units and one of the building common
spaces. For the most part this objective was met, however in three instances only
one common space and one apartment were sampled per building and in five
buildings access was obtained to sample two residential units per building.
Access could not be obtained to sample the common spaces of these five
buildings.

Selection of Contaminants of Potential Concern

Under the auspices of the EPA’s Interagency Indoor Air Task Force, a committee
was formed to identify the COPCs and associated health-based benchmarks for
the Indoor Air Residential Assistance - WTC Dust Cleanup Program. This
committee drafted the "World Trade Center Indoor Air Assessment: Selecting
Contaminants of Potential Concern and Setting Health-Based Benchmarks" report
that was peer reviewed on October 21-22, 2002. This report is currently being
revised for finalization.

Among other purposes, this report identified the selection of contaminants for
monitoring in the WTC Background Study and provided a measure of cleaning
effectiveness by establishing health-based benchmarks and clean-up goals for
indoor air and settled dust. As such, the COPCs identified for inclusion in the
Study reflect those contaminants cited in the peer review draft of the
aforementioned report.

The development of the COPC report began with an assessment of the indoor
environment by reviewing historical information on hazardous substances that
have been associated with building fires and collapses. Many compounds,
including combustion byproducts such as dioxins and PAHs were identified,
along with building materials such as asbestos and fibrous glass. In addition,

WORLD TRADE CENTER BACKGROUND STUDY 10
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WTC ambient air, indoor air, and indoor/outdoor bulk dust monitoring data were
reviewed. Data sources included EPA's ambient air and bulk dust/debris
monitoring program www.epa.gov/wtc, OSHA's air and dust monitoring data and
the NYCDOHMH/ATSDR indoor air pilot program (NYCDOHMH 2002). A
concerted effort also was made by the COPC committee to identify and review
additional sources of WTC related data from other governmental agencies (e.g.,
U.S. Geological Survey, NYC Board of Education), academic institutions,
environmental organizations, and the private sector.

A semi-quantitative screening process was performed on the collected sampling
data, referenced above. Based on frequency-of-detection, concentration and
inherent toxicity, contaminants that exceeded health-based screening levels for the
ambient air were identified. Dioxin and PAHs were added to the COPC list by
this process. In addition, building constituents with carcinogenic (asbestos) or
irritant effects (fibrous glass, crystalline silica) that were consistently found in
bulk and indoor dust samples were identified as COPCs (NYCDOHMH 2002).
Finally, lead was included based on a comparison of sampling data with existing
regulatory standards. Collectively, the resulting group of contaminants (asbestos,
lead, dioxin, PAHs, fibrous glass and crystalline silica) are called "contaminants
of potential concern” or COPCs in this report.

SAMPLING METHODOLOGY

Once building access was obtained and sampling scheduled, air and settled dust
samples were collected from each of the fourteen buildings and shipped to the
laboratories for analysis. All samples were collected and analyzed in accordance
with the approved Quality Assurance Project Plan (QAPP) for the WTC
Background Study, dated August 2002. The procedures used for sample
collection, analysis, data validation, data management and evaluation are
described in or provided as an attachment to the approved QAPP which will be
furnished upon request.

Sampling Procedures

Samples were collected from twenty five residential units and 9 common spaces
(i.e., seven basement laundry rooms and two hallways). Sampling consisted of:
indoor air samples of airborne fibers and particulate matter; microvacuum samples
of settled dust on carpeting, area rugs, upholstered fabric furniture and/or drapery;
wipe samples of settled dust from ceilings, walls, bare floors, counter tops or table
tops; and bulk dust samples from window air conditioner filters. All samples
were collected from areas routinely used and occupied by residents, such as,
living rooms or bedrooms and in common areas, such as, entrance hallways or
basement laundry rooms.

A summary of the sample collection and analytical procedures used are provided
in Table 4-1 of this report. The following subsections provide brief descriptions
of the sampling procedures to place the subsequent discussion of results in
context.

WORLD TRADE CENTER BACKGROUND STUDY 11
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analytical results were evaluated and tabulated subsequent to validation and are
presented in Tables 6-1 through 6-6. A detailed discussion of the results and
development of background concentrations is provided in Section 6.0.

SAMPLING PROTOCOL DEVIATIONS

The bulk samples collected were to be analyzed in the following order by the
contracted laboratory: asbestos, lead, crystalline silica, calcite, gypsum and
MMVF. Due to the backlog of asbestos samples at the EMSL, New York
laboratory, the samples were shipped to the EMSL, New Jersey laboratory for the
remaining analysis. In performing the analysis for the remaining parameters the
laboratory used all of the material available therefore, the asbestos analysis was
not performed on a majority of the bulk dust samples collected. This was done
without notification to the EPA Project Officer.

Bulk dust samples were not collected from the common areas due to the absence
of window air-conditioner units.

The following are deviations from the QAPP for each day of sampling.

August 20, 2002 - Consent to sample was only obtained for one apartment and
the basement laundry room in this building. In the apartment, there was a power
failure for two (2) minutes during sampling. Sampling time was increased by
two (2) minutes to compensate for loss of volume.

August 21, 2002 - Air samples could not be collected from the common area as
there were no power outlets in the area. Counter wipes could not be collected due
to lack of horizontal surfaces in the common area. Microvacuum samples could
not be collected from the common area due to absence of porous surfaces.

August 22, 2002 - Microvacuum samples could not be collected from the
common area due to absence of porous surfaces. In one of the apartments, the
pump used for the collection of crystalline silica, calcite and gypsum (SCG)
failed. The sample collection was terminated at that time and the sample data
reflected abbreviated sample duration.

August 29, 2002 - There was a power failure of five (5) minutes on pump #3
being utilized for the SCG sample. The sampling time for SCG was increased by
five (5) minutes to compensate for loss of volume. Microvacuum samples could
not be collected from the common area due to absence of a porous surface. Air
samples could not be collected from the common area as there was no power
available in the area.

August 30, 2002 - Microvacuum samples could not be collected from the

common area due to absence of a porous surface. The ceiling wipe sample for
asbestos could not be collected from one apartment due to acoustical texturing.

WORLD TRADE CENTER BACKGROUND STUDY 18
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September 4, 2002 - One apartment and the common area were sampled; access
was denied to the second apartment unit. Microvacuum samples could not be
collected from the common area due to absence of a porous surface. The common
area ceiling wipe sample was collected from the duct work above dryer #3 as the
ceiling had a rough stucco surface which was not suitable for wipe sampling.

September 5, 2002 - The common area was not sampled since the access
agreement was not signed.

September 6, 2002 - Microvacuum samples could not be collected in one
apartment and the common area from carpets/rugs or drapes as none were present.
Ceiling samples could not be collected in the common area due to the presence of
a rough surfaced drop ceiling.

September 10, 2002 - A common area was not available for sampling.

September 12, 2002 - Couch/chair microvacuum samples could not be collected
from the apartment. Samples from the common area could not be collected due to
restricted access.

September 24, 2002 - Microvacuum samples could not be collected from the
common area due to absence of a porous surface.

September 25, 2002 - High flow air sampling pumps in the common area shut
down for twenty minutes due to power outage in part of the building. Sampling
time was extended twenty minutes to compensate for loss of volume. Air
sampling was terminated 110 minutes early in one unit at the request of the
owner. The owner was called out for the remainder of the day.

ANALYTICAL RESULTS AND DEVELOPMENT OF BACKGROUND
CONCENTRATIONS

The samples collected during this Study were analyzed to determine the
concentration of each analyte in the matrix in which it was collected. The purpose
of collecting and analyzing the samples was to establish background
concentrations for a select group of compounds that have been identified as
contaminants related to the collapse of the World Trade Center. As stated
previously, these background concentrations will be used to supplement the
health-based benchmarks established in the "World Trade Center Indoor Air
Assessment: Selecting Contaminants of Potential Concern and Setting
Health-Based Benchmarks"document and may be used as an alternative cleanup
value if the health-based benchmark cannot be achieved.

Methods

Deriving a background concentration for each analyte was completed using the
following guidance; Guidance for Characterizing Background Chemicals in Soil
at Superfund Sites (EPA 540-R-01-003, June 2001), Role of Background in the
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CERCLA Cleanup Program (OSWER 9285.6-07P, April 2002), and Calculating
the Upper Confidence Limits for Exposure Point Concentrations at Hazardous
Waste Sites (OSWER 9285.6-10, December 2002).

Evaluating environmental data that are collected to establish background
concentrations of chemicals can be done using a variety of endpoints, such as
reporting ranges, arithmetic or geometric means, or point-estimates based on a
statistical computation. The method that is used to evaluate and interpret the data
is dependent on the application of the background concentration. For this study, a
point-estimate that represented an upper-bound of the population mean was the
desired endpoint. This resulted in using a statistical approach, specifically
calculating a upper confidence limit (UCL) based on the mean, for estimating an
upper-bound point estimate for each analyte in its associated media.

Several different statistical methods can be used to estimate an UCL of a data set,
depending on the data distribution. Two key steps were completed to estimate the
UCL for these data sets:

1) Determined the distribution of the data (i.e., normal, lognormal, or
neither’) and,

2) Computed the UCL using the appropriate confidence interval’ (e.g.,
95%, 97.5%, 99%) and statistical method for the data distribution.

These two steps were performed with the ProUCL statistical software developed
for EPA (Lockheed Martin 2001). Based on EPA guidance (Risk Assessment
Guidance for Superfund - Part A, 1989) and standard EPA Region 2 procedures,
the samples that were reported as being below the detection limit were assigned a
value equal to one-half the laboratory-reported detection limit for the statistical
calculations’.

*If the distribution of the data is neither normal nor lognormal, it is recommended
to use a non-parametric (i.e., distribution-free) statistic to estimate the UCL

“The confidence interval used to estimate the UCL was determined by the
skewness of the data. For mild to moderately skewed data sets (e.g., o in the interval of
0.5 to 1) a 95% confidence interval was used, for moderate to highly skewed data sets
(e.g., o in the interval of 1 to 2) a 97.5% confidence interval was used, and for highly to
extremely highly skewed data sets (e.g., o in the interval of 2 to 3) a 99% confidence
interval was used.

A UCL was calculated for any data set that had variability. In situations where
all of the samples were below the detection limit, but the detection limit varied, the UCL
that was estimated was identified as a theoretical value because the mean that was
calculated, from which the UCL was derived, was based only upon the detection limit
and it does not include actual detected concentrations. Therefore, the UCL associated
with these data sets are theoretical in nature and are reported as such.

WORLD TRADE CENTER BACKGROUND STUDY 20
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The program ProUCL tests the normality/lognormality of each data set using the
Shapiro-Wilk W Test for sample sizes of 50 or smaller, and using the Lilliefors
Test for sample sizes of 51 to 1000. The data sets for this project included
samples sizes that are less than 50 and greater than 50, therefore both tests were
used depending on the sample size for each analyte. The majority (92%) of the
data sets were neither normally (0.5%) nor lognormally (7%) distributed,
therefore a non-parametric statistic was used to estimate most of the UCLs.

Descriptive statistics, including the minimum, maximum, mean, median, standard
deviation, coefficient of variation, skewness and variance were calculated. In
addition, approximately ten different statistical methods were used to calculate
UCLs for each analyte’s data set. The output from these calculations also
reported descriptive statistics for the log-transformed data, which included mean,
standard deviation, coefficient of variation, skewness, median, 80%, 90%, 95%,
and 99% quartiles. The output also included a recommendation regarding which
calculated UCL was most representative of the data set. This UCL is reported in
Tables 6-1 through 6-6.

The UCLs were calculated with the statistical procedures based on the findings of
Singh, Singh, and Engelhardt (1997, 1999), as referenced in the ProUCL users
guide (Lockheed Martin, 2001). For normally distributed data sets, the Student’s
t-statistic, based on an arithmetic mean, was used to calculate the UCL. For
lognormally distributed data sets, one of five different computational methods was
used, based on the log-transformed mean®, depending on the skewness of the data,
which was indicated by the standard deviation of the log-transformed data, and
the samples size. For data sets that were neither normally nor lognormally
distributed, a UCL based on the non-parametric Chebyshev theorem and
arithmetic mean was used (Lockheed Martin, 2001).

As stated above, these statistical methods were completed for each analyte,
sampling matrix (i.e., bulk dust, air, microvacuum, and wipe samples), and space
tested (i.e., resident, common area, and both combined). There were also some
matrices in which multiple surfaces were sampled (e.g., counters, floors, and
walls), so additional calculations were conducted for different surfaces. The text
that follows explains the statistical evaluation of the data and the results of the
statistical analyses, as presented in tabular format (Tables 6-1 through 6-6). The
values presented in these tables provide estimates of the background concentration
for each compound and media.

An additional assessment was undertaken to provide a single recommended value
for each analyte for the air, bulk dust, porous materials, and hard surfaces. These
values, which are summarized in Table 8-1, can be used as a representative
background concentration for Manhattan given the statistical limitations of the
data set.

® The anti-log of the log-transformed mean is equal to the geometric mean.
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The recommended values were determined using two priorities:

. as first priority, a combined data set, using both the residential and
common areas and all samples from a specific media (e.g., settled dust) to
achieve a larger sample size, was used unless the data from the separate
areas were determined not to be similar’, in which case the second priority
was used;

. the second priority used the data set for the residential areas for all
samples from a specific media, as the residential data sets had the second
largest sample size and this data set would reflect the background
concentration within a residential apartment.

Results and Development of Baékground Concentrations

The following sections present a summary of the analytical results, the
background values calculated, and a discussion that addresses the strengths and
weaknesses for the asbestos, MMVF, lead, dioxin and PAH data sets, as well as
the corresponding background value that was derived for each analyte, matrix,
type of space, and type of surface. The statistical results and calculated UCLs are
reported in Tables 6-1 through 6-3.

6.2.1 Asbestos®

Bulk Dust - There were three bulk dust samples collected and analyzed for
asbestos. All three samples were collected from the residential spaces. The
results for the three samples were below the detection limit of 1%. Due to the
small sample size and the results all being below the detection limit, the UCL for
asbestos in bulk dust could not be calculated. The data suggest that background
asbestos concentrations in bulk dust are less than 1%, howevér, the confidence in
this statement is limited due to the small sample size.

Air - There were sixty-two air samples collected, forty-eight in residential spaces
and fourteen in common spaces. Each of the samples were analyzed using Phase
Contrast Microscopy (PCM), Transmission Electron Microscopy (TEM) AHERA,
and TEM Phase Contrast Microscopy equivalents (PCMe) methods.

"The frequency of detection, range of detection, mean and calculated UCL for the
residential and common area data sets were qualitatively compared to determine if they
were similar. If any of the parameters were identified as not being similar, the second
priority was used.

$For this study, the term structure and fiber are used interchangeably, although
there are mineralogical nuances and counting rules that make these two terms technically
different. In general, the analyses that were completed represent fibers, however for ease
of comparison to the AHERA asbestos standard in a sister study, the term structure was
adopted for all asbestos TEM analyses.
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PCM - There was a higher percentage of detections in the common space areas
(71%) than in the residential areas (42%) although the minium and maximum
detected concentrations were the same. The UCL for the common area (0.0058
f/ce) is slightly more than twice the value for the residential area (0.0023 f/cc).
This difference may not be an unusual occurrence as common areas, such as
laundry rooms and hallways may contain more fibrous material, especially in
laundry rooms and high traffic areas. Since the common space areas and the
residential areas differ, it is recommended to use the 95% UCL for the residential
spaces of 0.0023 f/cc as the background value.

TEM AHERA - There was a higher percentage of detections in the common space
areas (14%) than in the residential areas (4%) although the minimum and
maximum detected concentrations were the same. In addition, the mean for each
data set were similar. The four samples (two common area and two residential)
that had detectable concentrations of asbestos were at the detection limit of 0.0004
s/cc. Since the frequency of detection was marginally different for the common
space areas and the residential areas, it is recommended to use the 95% UCL for
the residential spaces of 0.00024 s/cc as the background value.

TEM PCMe - There was a higher percentage of detections in the common space
areas (7%) than in the residential areas (4%) although the minimum and
maximum detected concentrations were the same. In addition, the mean for each
data set were almost equal. The three samples (two common area and one
residential) that had detectable concentrations of asbestos were at the detection
limit of 0.0004 s/cc. The UCL for the common areas (0.00029 s/cc) is marginally
higher than the UCL for the residential area (0.00024 s/cc). The combined data
set yields a UCL that is the same value (0.00024 s/cc) as the residential UCL.
Given that the residential areas and the combined data sets provide the same UCL,
it is recommended to use the 95% UCL of 0.00024 s/cc as the background value.

Microvacuum - There were 162 microvacuum samples collected, with 144 from
residential areas and 18 from common spaces. The microvacuum samples were
collected from porous materials, such as carpets, area rugs and couches. These
samples were analyzed for asbestos. The results from these analyses were quite
variable between different surfaces and between the different spaces. Asbestos
was detected more frequently in the common spaces (22%) and at higher
concentrations (mean = 7,145 s/cm?) than in the residential spaces (4%) with a
mean concentration of 2,234 s/cm’. In addition, the carpets in both spaces had
greater mean concentrations than the other porous surfaces (i.e., couches, chairs,
and drapes). As the purpose for collecting microvacuum samples for asbestos was
to determine the presence or absence of asbestos in porous items, a UCL was not
calculated for this data set.

Wipe - There were 146 wipe samples collected, with 104 from residential areas
and 42 from common spaces. The wipe samples were collected from hard
surfaces including floors, walls, counters, and ceilings. These samples were
analyzed for asbestos. The results from these analyses were quite variable
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between different surfaces and between different spaces. . Overall, asbestos was
detected about twice as frequently in the common areas (26%) than in the
residential areas (13%). The results from the common areas had several very high
concentrations reported due to detection limits being unusually high for several
samples. This might artificially increase the background concentrations and for
this reason the common space data sets were not used for determining the
background concentration.

Based on the residential data set, the mean concentration was higher in the ceiling
samples, followed by the floor samples, then the walls, and finally the counters.
The UCLs for these surfaces were within an order of magnitude with the
exception of the UCL for the ceiling, which was one order of magnitude higher.
However, given that the primary goal is to estimate the background concentration
for a residential space, it is recommended to use the entire residential data set,
which includes ceilings, counters, floors, and walls to establish a background
concentration for hard surfaces. The 95% UCL for this data set is 6,192 s/cm?* and
would be applicable for all hard surfaces in a residential space.

6.2.2 Man-Made Vitreous Fibers

Bulk Dust - There were twenty-four bulk dust samples collected and analyzed for
MMVFEF. All of the samples were collected from the residential spaces. The
results for the twenty-four samples were below the detection limit of 1%. As all
of the samples were below the detection limit and the same detection limit was
used throughout the Study, the UCL for MMVF in bulk dust could not be
calculated because there was no standard deviation. The data suggest that
background MMVF concentration in bulk dust is less than 1%, however, the
confidence in this statement is limited due to the small sample size.

Air - There were sixty-two air samples collected, with forty-eight collected from
residential spaces and fourteen collected from common areas. The frequency of
detection for the common spaces (29%) was higher than the residential spaces
(2%), however the range of detections and means were very similar. The UCL for
the combined data set is the same as the UCL for the residential data set. Given
that the UCLs are the same, it is recommended to use the 95% UCL of 0.06 s/L or
0.00006 s/cc.

Wipe - There were 141 wipe samples collected, with ninety-nine collected from
residential spaces and forty-two from common areas. The frequency of detection
was similar between the residential (9%) and the common (11%) areas, as well as
the range of detections and the mean for the wipe data set for each space. Each
space had wipe samples collected from hard surfaces including ceilings, counters,
floors, and walls. The samples collected from the ceiling, counters, and walls in
the common spaces were all below the detection limit and a UCL could not be
calculated for these surfaces. All of the surfaces sampled from the residential
areas had UCLs that were within a factor of three. Given that the residential data
for the different surfaces were similar, as well as the data from the common areas,
it is recommended to use the entire data set, which includes the residential and

WORLD TRADE CENTER BACKGROUND STUDY 24









NYC 9/11 Public Portal Document

o °

NYC-WTC_000145902

Minerals and Total Dust Results - Development of Background
Concentrations

The following sections present a summary of the analytical results, the calculated
background values and a discussion that addresses the strengths and weaknesses
for the crystalline silica, calcite, gypsum, portlandite and total dust data sets, as
well as the corresponding background value that was derived for each analyte,
matrix, type of space and type of surface. The statistical results and calculated
UCLs are reported in Tables 6-4 through 6-6.

6.3.1 Crystalline Silica

6.3.1.1 Alpha-quartz

Bulk Dust - There were nine bulk dust samples collected from residential areas.
These samples were analyzed for alpha-quartz. There were no bulk samples
collected from common areas. Eight of the samples detected alpha-quartz above
the detection limit with a mean value of 2.2%. The 95% UCL for alpha-quartz in
bulk dust is 3.66% and this value can be used as an estimate of the background
concentration.

Air - There were forty-six air samples collected, with thirty-two collected from
residential areas and fourteen collected from common areas. The frequency of
detection for the residential areas (25%) and the common areas (29%) are similar,
although the range of detection and mean concentrations are different. This is
primarily due to one sample value from the residential areas being elevated above
the rest of the samples in the data set. This value was determined to be a valid
result and therefore was kept in the data set. There was some variability between
the residential and common area, primarily due to one sample, however following
the priorities identified earlier it is recommended to use residential data set for
estimating the background concentration due the difference in the maximum
detected concentrations. The 95% UCL for the residential data set is 61.9 pg/m’
which can be used as an estimate of background concentration for alpha-quartz in
air.

Although the value estimated above has been identified as the recommended
background concentration, an additional calculation was conducted without the
elevated value to determine a UCL that is not influenced by the elevated value.
The 95% UCL for the residential data that has the elevated value removed is 7.8
pg/m®. This value may be more representative of background, however it is
unclear how common the elevated value may be in an urban environment,
therefore the recommended UCL is 61.9 pg/m® with the recognition that it may be
much lower (i.e., 7.8 pg/m?).

Wipe - There were 114 wipe samples collected with eighty-one collected from
residential areas and 33 collected from common areas. The wipe samples were
collected from hard surfaces including counters, floors, and walls. The frequency
of detection between the residential areas (38%) and the common areas (61%) for
combined surfaces are not similar and the mean concentration for each type of
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surface sampled are not similar between the residential and common areas. Since
the primary focus of this Study was to determine background concentrations for
residential areas, it is recommended to use the data set for the residential spaces to
estimate the background concentration. The mean concentrations from each of the
surface types in the residential data set are similar, varying by less than a factor of
two, therefore it is recommended to use the entire residential data set, which
includes the results from the counters, floors, and walls. The 95% UCL for this
data set is 79.6 pg/f2. This value can be used as an estimate of the background
concentration for alpha-quartz on hard surfaces.

6.3.1.2 Cristobalite

Bulk Dust - There were nine bulk dust samples collected from residential areas.
These samples were analyzed for cristobalite. There were no bulk samples
collected from common areas. None of the samples detected cristobalite above the
detection limit. However, since the detection limit for the samples varied slightly,
a theoretical background concentration can be calculated. The 95% UCL for
cristobalite in bulk dust is 4.69% and this value can be used as an estimate of the
background concentration.

Air - There were forty-six air samples collected with thirty-two collected from
residential areas and fourteen collected from common areas. The samples were
analyzed for cristobalite. Cristobalite was not detected in any sample. However,
since the detection limit for the samples varied slightly, a theoretical background
concentration can be calculated using the entire combined data set from the
residential and common areas. The 95% UCL for the combined data set is 9.3
pg/m®, which can be used as an estimate of the background concentration of
cristobalite in air.

Wipe - There were 114 wipe samples collected with eighty samples collected in
residential areas and thirty-four in common areas. The samples were collected
from hard surfaces including counters, floors, and walls. The samples were
analyzed for cristobalite. The frequency of detection for the residential areas (0%)
and the common areas (3%) were similar, as were the range of detection and mean
concentrations. Based on the similarity of the data sets between spaces and
between surfaces, it is recommended to use the entire data set, combined for
surfaces, to estimate the background concentration. The 95% UCL from this data
set provides a value of 103.7 pg/ft® as an estimate of the background concentration
of cristobalite on hard surfaces.

6.3.1.3 Tridymite

Bulk Dust - There were nine bulk dust samples collected from residential areas.
These samples were analyzed for tridymite. There were no bulk samples collected
from common areas. None of the samples detected tridymite above the detection
limit. However, since the detection limit for the samples varied slightly, a
theoretical background concentration can be calculated. The 95% UCL for
tridymite in bulk dust is 4.69%, and this value can be used as an estimate of the
background concentration.
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Air - There were forty-six air samples collected with thirty-two collected from
residential areas and fourteen collected from common areas. The samples were
analyzed for tridymite. Tridymite was not detected in any sample. However, since
the detection limit for the samples varied slightly, a theoretical background
concentration can be calculated using the entire combined data set from the
residential and common areas. The 95% UCL for the combined data set is 9.3
pg/m®, which can be used as an estimate of the background concentration of
tridymite in air.

Wipe - There were 114 wipe samples collected with eighty collected from
residential areas and thirty-four collected from common areas. The samples were
collected from hard surfaces including counters, floors, and walls. The samples
were analyzed for tridymite. Tridymite was not detected in any sample, however
since the detection limit for the samples varied slightly, a theoretical background
concentration can be calculated using the entire combined data set for all surfaces
from the residential and common areas. The 95% UCL for the combined data set
is 99.8 pg/f®, which can be used as an estimate of the background concentration of
tridymite on hard surfaces.

6.3.2 Calcite

Bulk Dust - There were nine bulk dust samples collected from residential areas.
These samples were analyzed for calcite. There were no bulk samples collected
from common areas. Only one of the samples detected calcite above the detection
limit. The 95% UCL for calcite in bulk dust is 3.41% and this value can be used as
an estimate of the background concentration.

Air - There were forty-six air samples collected with thirty-two collected from
residential areas and fourteen collected from common areas. The samples were
analyzed for calcite. Calcite was not detected in any sample. However, since the
detection limit for the samples varied slightly, a theoretical background
concentration was calculated using the entire combined data set from the
residential and common areas. The 95% UCL for the combined data set is 9.3
pg/m’, which can be used as an estimate of the background concentration of calcite
in air.

Wipe - There were 114 wipe samples collected with eighty samples collected in
residential areas and thirty-four in common areas. The samples were collected
from hard surfaces including counters, floors, and walls. The samples were
analyzed for calcite. The frequency of detection for the residential areas (3%) and
the common areas (3%) were the same, and the range of detection and mean
concentrations were similar. Based on the similarity of the data sets between
spaces and between surfaces, it is recommended to use the entire data set,
combined for surfaces, to estimate the background concentration. The 95% UCL
from this data set provides a value of 132.3 pg/ft’ as an estimate of the background
concentration of calcite on hard surfaces.
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6.3.3 Gypsum
Bulk Dust - There were nine bulk dust samples collected from residential areas.
These samples were analyzed for gypsum. There were no bulk samples collected
from common areas. Only one of the samples detected gypsum above the
detection limit. The 95% UCL for gypsum in bulk dust is 2.33%, and this value
can be used as an estimate of the background concentration.

Air - There were forty-six air samples collected with thirty-two collected from
residential areas and fourteen collected from common areas. The samples were
analyzed for gypsum. Gypsum was not detected in any sample. However, since
the detection limit for the samples varied slightly, a theoretical background
concentration can be calculated using the entire combined data set from the
residential and common areas. The 95% UCL for the combined data set is 9.3
pg/m’, which can be used as an estimate of the background concentration of
gypsum in air.

Wipe - There were 114 wipe samples collected with eighty collected from
residential areas and thirty-four collected from common areas. The samples were
collected from hard surfaces including counters, floors, and walls. The samples
were analyzed for gypsum. Gypsum was not detected in any sample. However,
since the detection limit for the samples varied slightly, a theoretical background
concentration can be calculated using the entire combined data set for all surfaces
from the residential and common areas. The 95% UCL for the combined data set
is 49.9 pug/fi?, which can be used as an estimate of the background concentration of
gypsum on hard surfaces.

6.3.4 Portlandite

Bulk Dust - There were nine bulk dust samples collected from residential areas.

These samples were analyzed for portlandite. There were no bulk samples
collected from common areas. None of the samples detected portlandite above the
detection limit. However, since the detection limit for the samples varied slightly,
a theoretical background concentration can be calculated. The 95% UCL for
portlandite in bulk dust is 4.69% and this value can be used as an estimate of the
background concentration.

Air - There were forty-six air samples collected with thirty-two collected from
residential areas and fourteen collected from common areas. The samples were
analyzed for portlandite. Portlandite was not detected in any sample. However,
since the detection limit for the samples varied slightly, a theoretical background
concentration can be calculated using the entire combined data set from the -
residential and common areas. The 95% UCL for the combined data set is 9.3
pg/m’, which can be used as an estimate of the background concentration of
portlandite in air.

Wipe - There were 114 wipe samples collected with eighty collected from
residential areas and thirty-four collected from common areas. The samples were
collected from hard surfaces including counters, floors, and walls. The samples
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were analyzed for portlandite. Portlandite was not detected in any sample.
However, since the detection limit for the samples varied slightly, a theoretical
background concentration can be calculated using the entire combined data set for
all surfaces from the residential and common areas. The 95% UCL for the
combined data set is 99.8 pg/ft?, which can be used as an estimate of the
background concentration of portlandite on hard surfaces.

6.3.5 Total Dust

Wipe - There were nine wipe samples collected from residential areas and
analyzed for total dust. Dust was detected in all nine samples with a mean
concentration of 10.9 mg/f’. The 95% UCL for this data set was 14.4 mg/f?,
which can be used as an estimate of the background concentration of total dust.

HISTORICAL STUDIES ON BACKGROUND CHARACTERIZATION
Background Literature Search Results

The WTC Background Study was conducted to address the following question:
What were the baseline levels for a select group of contaminants in residential
dwellings in lower Manhattan had the Trade Center never collapsed? A complete
set of data were not available that captured the baseline levels of WTC COPCs in
the settled dust and indoor air of residential dwellings in lower Manhattan prior to
9/11/01. However, there are various sources of data that partially address the
specific aim of the WTC Background Study. This section evaluates the findings of
historical studies on background by way of a comparison to the methods and
results of the WTC Background Study.

A search of the literature was conducted for published data on residential indoor
measurements of WTC COPCs. The focus was for relevant data, collected in the
past ten to fifteen years, that may be used for comparison with the measurements
from the WTC Background Study. Worth noting are the multiple factors that limit
the representativeness of historical studies to the WTC Background Study. They
include: variations in sampling and analytical methods; characteristics of the
housing stock (e.g., age, type and upkeep) and seasonal variability.

7.1.1 Residential Indoor Airborne Asbestos Measurements

The literature citations on airborne asbestos measurements focused mainly on
occupational environments. Some information is available for schools and other
public buildings. Very few studies described measurements made in residential
settings.

There are a number of analytical techniques (PCM, TEM, direct preparation, and
indirect preparation), as well as different units of measurements reported in the
literature for airborne asbestos concentration. HEI (1991) listed eleven different
measurement units that could be encountered in the literature for asbestos fibers
analyzed by TEM. Another factor to note is how the average or mean value is
determined from a set of measurements. Some studies treat all samples with no
asbestos structures/fibers counted as 0 s/cc or 0 f/cc and not as a “less than”
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detection limit (Van Orden et al. 1995).

Presented in Table 7-1 is a summary of U.S. residential building average asbestos
concentrations by direct TEM as found in the literature search.

7.1.2 Settled Asbestos Dust Measurements

Ewing (2000) reported a geometric mean of 1000 s/cm? for samples collected in
six buildings without friable asbestos-containing surfacing materials. The 28
microvacuum samples were collected and analyzed as described in the ASTM
Method D 5755-95 or the earlier draft-EPA method (Clark 1989). The sampled
surfaces would be considered non-porous and usually had visible dust on them.
The surface types included polished stone, metal, polished wood, and plastic.
Neither the types of buildings nor their locale were identified. The Study reported a
geometric, rather than arithmetic, mean as a measure of central tendency. Table 7-
2 is extracted from that report.

7.1.3 Airborne Man-Made Vitreous Fibers Measurements

Man-made vitreous fibers (MMVFs) are also known as synthetic vitreous fibers
(SVFs). ATSDR (2001) reported that airborne concentrations of MMVFs in
outdoor and indoor air samples usually are <0.0001 f/cc. Measurements at
workplaces that manufacture MMVF have been reported to be <0.1 to 1 f/ce.
Airborne concentrations > 1 f/cc have been observed during the installation of
insulation in a home or building, but these high levels would drop to pre-
installation values within 1 or 2 days.

As summarized by ATSDR (2002), a report by Carter et al. (1999) used both PCM
and SEM to study air samples from 51 residential and commercial buildings
throughout the United States. Only 2 of the 50 samples analyzed by SEM were
found to contain respirable MMVFs. The MMVF concentrations were not
included in the ATSDR (2002) summary.

7.1.4 Man-Made Vitreous Fibers in Settled Dust or Soil

According to the ATSDR (2002), no data exist pertaining to the ambient levels of
MMVFs in soil or sediment. The literature search also has not located data on
MMVF loading in residences.

7.1.5 Lead Levels in the Ambient Air

As reviewed by ATSDR (1999), lead levels in the ambient air vary widely but
usually decrease with increasing distance (both vertical and horizontal) from
emission sources. The EPA (1996) has established the National Ambient Air
Quality Standard for lead of 1.5 pg/m’, quarterly average concentration.
Composite urban air measurements of lead for 1991 were reported at 0.08 pg/m’
(EPA 1996). In 1988, the average lead concentration for 139 urban air-monitoring
sites around the United States was 0.085 pg/m® and remained relatively unchanged,
at 0.04 pg/m’, when estimated between 1994 and 1995 (ATSDR, 1999). Indoor air
lead levels are generally 0.3 to 0.8 times lower than the corresponding outdoor
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levels, with an average ratio of 0.5 (ATSDR 1999).

7.1.6 Residential Settled I.ead Dust Measurements

Lanphear et al. (1995) reported lead loading measurements from a study of
residences of 205 children in Rochester, NY. House dust samples were collected
using two vacuum methods and a wipe method. The geometric mean values from
the microvacuum measurements were 1 pug/ft* and 3 ug/fi for noncarpeted floors
and carpeted floors, respectively. The geometric mean value from their wipe
sample measurements were 16 ug/ft> and 11 pg/fi* for noncarpeted floors and
carpeted floors, respectively.

Lanphear et al. (1998) reported a geometric mean for floor dust lead loading of
13.5 pg/fi? from their pooled analysis of 12 epidemiologic studies.

Gallicchio et al. (2002) compared household lead exposure assessment methods in
an old urban community (although the specific locale was not identified). The
median values for dust lead loading were 12 ug/fi? and 5 pg/ft* for noncarpeted
floors and carpeted floors, respectively. The measurements showed a large
variation in lead load levels. Table 7-3 is extracted from the report’s statistics
summary.

The U.S. Department of Housing and Urban Development (HUD 2001) reported
the arithmetic mean for floor dust lead loading stratified by geographic location
and age of housing. Table 7-4 is extracted from the HUD summary statistics.

7.1.7 Dioxins in Soil and Settled Dust

ATSDR (1998) concluded that concentrations of chlorinated dibenzo-p-dioxins
(CDDs) in soil are typically higher in urban areas than in rural areas. The highest
CDDs in soil concentrations are associated with industrial sites, with CDD levels
ranging from the hundreds to thousands parts per trillion. In general, the
concentration of CDDs in soil near the site of a municipal waste incinerator would
increase in concentration with increasing degree of chlorination. Heptachlorinated
dibenzo-p-dioxin (HpCDD) and octa-chlorinated dibenzo-p-dioxin (OCDD)
congeners are typically found at higher concentrations than the tetrachlorinated
dibenzo-p-dioxin (TCDD), pentachlorinated dibenzo-p-dioxin (PeCDD), and
hexachlorinated dibenzo-p-dioxin (HxCDD) congeners in soil and sediments.

Christmann et al. (1989) collected indoor household dust samples and analyzed the
dust samples for CDDs. The dust samples were collected with a vacuum cleaner
from rooms with furniture treated with a wood preservative. The wood
preservative contained CDD-contaminated pentachlorophenol (PCP). Average
mass concentrations of CDDs found in the dust samples were: 191 pg/kg of
OCDD, 20 pg/kg of HpCDD, 2.5 ug/kg of HxCDD, 0.9 pug/kg of PeCDD, and 0.2
ug/kg of TCDD.
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7.1.8 Polycyclic Aromatic Hydrocarbons in Sediment and Soil

No citation was found during the literature search for surface loading of PAHs in
the indoor residential environment. ATSDR (1995) reported the results of several
studies, published from 1973 through 1987, for background concentrations (ug/kg)
of 15 PAHs in rural, agricultural, and urban soils from the United States and other
countries. The ATSDR summary is reproduced here as Table 7-5.

Comparison of WTC Background Study to Other Studies

Section 7.1 summarized the relevant studies that addressed background
concentrations of COPCs in the residential indoor environment. This section is
focused on the comparison of those studies to the WTC Background Study. As
previously mentioned in Section 7.1, there are numerous factors that limit the
ability to make direct comparisons between studies cited in the open literature that
characterize background levels of the COPCs and the site-specific WTC
Background Study. Thus, a qualitative discussion of study comparability needs to
viewed accordingly. Still, where studies were identified that addressed
background concentrations in a manner relevant to the WTC Background Study a
comparison was performed. Where historical studies are described as being
generally concordant with the findings in the WTC Background study, some
disparities in study design, sampling/analytical protocols and results may still
exist.

7.2.1 Comparison of Airborne Asbestos Concentrations
The WTC Background Study obtained airborne asbestos measurements from

residential dwellings and common spaces. Analysis was performed by TEM using
two different counting methods - total asbestos fibers greater than 0.5 um (as per
AHERA counting rules), and asbestos fibers greater than 5 pm (PCMe) - and, by
phase contrast microscopy (PCM). The literature review focused on PCMe
measurements as this metric employs an analytical technique (TEM) that
distinguishes asbestos from other fibrous material and counts only long fibers (i.e.,
> 5 um) - those most closely associated with adverse health effects (i.e., cancer).

The Consumer Product Safety Commission (CPSC 1987) Study from the literature
review was identified as providing relevant comparisons to the WTC Background
Study. This study reported on airborne asbestos concentration in houses that
contained asbestos containing material (ACM). In 15 houses in Cleveland and 15
houses in Philadelphia the mean asbestos concentration was 0.00023 f/cc and
0.00007 f/cc, respectively. A total of 30 samples were taken in Cleveland and 29
in Philadelphia (see Table 7-1). In the WTC Background Study, a total of 62
samples from residences and common spaces (see Table 6-1) were obtained. The
mean asbestos (PCMe) concentration was 0.00022 s/cc. This value is consistent
with the mean value reported from Cleveland and marginally higher than the mean
value reported in Philadelphia.

The primary strength of the above comparison is the common metric (PCMe)
employed to measure airborne asbestos concentration. It also focuses on urban
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settings similar to New York. However, there are a number of limitations. The
CPSC Study reported on houses with ACM. The known existence of ACM in the
CPSC Study homes would likely serve as a positive bias. Also the particular
housing stock differed, the CPSC Study looked at individual houses whereas the
WTC Background Study focused on apartments. The HEI (1991) summation of
the CPSC Study did not report the frequency of non-detects or what concentration
was assigned to non-detects.

7.2.2 Comparison of Asbestos Settled Dust Concentrations

The WTC Background Study collected measurements of asbestos load (fibers per
unit area) in settled dust by two methods: Microvacuum (ASTM D 5755-95) and
wipe sampling (ASTM D 6480-99). Microvacuum sampling was performed on
porous surfaces (carpets and couches) and resulted in the collection of 162
samples, while 146 wipe samples were collected on hard surfaces (ceilings,
counters, walls and floors). The arithmetic mean for asbestos loading was 2,783
s/cm? for the microvacuum samples and 37,174 s/cm’ for the wipe samples. The
literature search identified a study by Ewing (2000) that reported a geometric mean
of 1,000 s/cm? for samples collected in six buildings without friable asbestos-
containing surfacing materials.

Little in the way of meaningful comparison can be made between the Ewing and
WTC Background Studies. Three significant shortcomings exist. First, unlike the
WTC Background Study, the Ewing Study reports a geometric, rather than
arithmetic, mean. Based on the number of samples (n=28) and maximum value
(210,000 s/cm?), it is evident that the arithmetic mean (calculated by EPA for the
purpose of comparison) was greater (> 7,000 s/cm?) than the geometric mean
(1,000 s/cm?) reported in the Ewing Study. Second, the microvacuum samples in
the Ewing Study were obtained from hard surfaces, whereas the WTC Background
Study used microvacuum sampling only on porous surfaces. Finally, the building
type was not identified in the Ewing Study.

7.2.3 Comparison of Airborne Man-Made Vitreous Fiber (MMVF)
Concentrations

The WTC Background Study reported a mean concentration of 0.000042 s/cc
(95% UCL = 0.00006 s/cc) in a sample size of 62. ATSDR (2002) reported that
airborne concentrations of MM VFs in outdoor and indoor air samples usually are
< 0.0001 f/cc. Accordingly, the airborne concentration of MMVFs in the WTC
Background Study appears consistent with background measurements reported in
the literature although the cited reference is very general and does not provide
sufficient information to make a detailed comparison.

7.2.4 Comparison of Man-Made Vitreous Fibers in Settled Dust or Soil
The WTC background Study reported results of MMVF in bulk dust and wipe

samples. Of the 24 samples collected from bulk dust, all were below the detection
limit of 1%. The following results were reported for 141 wipe samples collected:
frequency of detection (14/141); range (29 - 286 s/cm’) and mean of 38 s/cm*(95%
UCL =52 s/cm?). ATSDR (2002) reports that no data exist pertaining to the
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ambient levels of MMVTFs in soil or sediment. The literature search also has not
located data on MMVF loading in residences.

7.2.5 Comparison of Lead Concentrations in the Ambient Air

The WTC Background Study reported a mean concentration of 0.027 pug/m®. For
the 46 samples collected. No studies on background lead concentration in
residential dwellings were identified in the literature search. ATSDR (1999)
reported that lead levels in the ambient air vary widely but usually decrease with
increasing distance (both vertical and horizontal) from emission sources. The
composite urban air measurement of lead for 1991 was 0.08 pg/m® (EPA 1996).
ATSDR (1999) estimated urban airborne levels for the years 1994-1995 to be 0.04
ug/m’. Indoor air lead levels are generally 0.3-0.8 times lower than the

corresponding outdoor levels, with an average ratio of 0.5 (ATSDR 1999).

From the historical information reported above, a rough estimate of indoor
airborne lead concentration in urban areas can be made by multiplying the
composite ambient air concentration (0.04 ug/m’) by 0.5 (average value of
indoor/outdoor concentrations) to give a product of 0.02 ug/m’. This value is
consistent with the mean concentration 0.027 ug/m*® found in the WTC
Background Study.

7.2.6 Comparison of Settled Lead Dust Measurements

The WTC Background Study recorded lead measurements in settled dust by
concentration (mass per unit mass) and load (mass per unit area). In addition, the
load measurements were obtained by wipes for hard surfaces and microvacuum for
porous surfaces. The following mean measurements were reported for residential
dwellings and common spaces:

Sample Type Number of Samples Mean
bulk dust 9 119 mg/kg
microvacuum 162 1.51 pg/f?
wipe (all samples) 114 1.75 pg/ft?
wipe (all uncarpeted floors) 34 3.91 pg/f
wipe (uncarpeted residential floors) 25 1.82 ng/f?

Unlike the other contaminants included in the WTC Background Study, settled
dust lead levels in residential dwellings have been extensively studied. The study
by Lanphear et al. (1998) focused on the relationship between lead-contaminated
house dust and children’s blood lead levels. This Study evaluated pooled
epidemiologic data from many different communities, some of them with
significant sources of lead contamination from activities such as mining sand
smelting. Consequently, reported lead levels are likely to be biased high. Another
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factor that compromises the comparison of results to the WTC Background Study
is that the average lead load (13.5 pg/ft®) on floors is reported as a median rather
than mean value. Lastly, the measurements were performed by multiple sampling
procedures, including wipe sampling and both high/low flow vacuum techniques.

The study by Gallicchio et al. (2002) focused on a comparison of methods (wipe,
questionnaire, and visual inspection) to assess household lead levels. An
advantage is that its targeted community (i.e., “old and urban”) is much like New
York City. However, the Study selected low socio-economic status (SES)
households (i.e., Medicaid recipients) - which due to less available resources for
building maintenance may result in a positive bias. Also, like the Lanphear Study,
lead loadings (12 ug/ft* and 5 pg/fi® for non-carpeted floors and carpeted floors,
respectively) were reported as median rather than mean values.

The most appropriate comparison to the WTC background Study can be made with
the Housing and Urban Development (HUD 2001) survey on lead in housing.
Table 7-4 provides the distribution of lead loading by wipe sampling methodology
in U.S. housing for uncarpeted floors. This data is broken down by census region
and building age. In the Northeast, there is a greater than five-fold increase in lead
load in pre-1939 versus post-1939 housing. Excluding the pre-1939 housing
(mean 24.0 ug/ft%), the weighted mean lead load for 1940 - 1998 housing stock is
3.45 pg/ft. The results from the HUD evaluation are consistent with the results of
lead load obtained in the WT'C Background Study residential units for uncarpeted
floors (i.e., mean = 1.82 pg/ft> and 95% UCL =2.96 pg/ft?). This comparison
benefits from both studies reporting results in the same metric (i.e., arithmetic
means) for the same surfaces (uncarpeted floors) by the same methodology (wipe
sampling). A limited disadvantage of the comparison is the gross characterization
of housing by geographic location (e.g., Northeast) in the HUD survey and the
exclusion of pre-1939 housing stock.

7.2.7 Comparison of Dioxin Concentration in Settled Dust

The WTC Background Study reported in a mean dioxin concentration of 0.644
ng/m?(95% UCL = 0.693 ng/m?) for 80 wipe samples. Results were reported for
dioxin toxicity equivalents (TEQs). The literature search identified no studies that
reported surface loading (mass per unit area) of dioxin in settled dust in residential
dwellings. The study by Christmann et al. (1989) reported concentrations (mass
per mass or ug/kg) of various dioxin congeners (see Section 7.1.7). Converting
these results into dioxin TEQs yields a value of 1.34 pg/kg (or ng/g). Multiplying
by an average dust load of 500 mg/m’ or 0.5 g/m’ results in an estimated dioxin
TEQ load of 0.67 ng/m* (1.34 ng/g x 0.5 g/m?).

The dioxin TEQ load of 0.67 ng/m” that was estimated from the Christmann Study
is consistent with the mean concentration obtained from the WTC Background
Study. However, the comparison has a number of limitations. The Christmann
Study reported dioxin results in units of concentration (mass per mass), thus
necessitating a conversion to the metric (mass per area) used in the WTC
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background Study. This required employing an estimate of average dust load in a
residential dwelling, a value that can vary considerably depending on
housekeeping habits. Also, the Christmann Study collected samples from
heuseholds that contained furniture treated with a wood preservative. This may
serve to bias the results high. Finally, the Christmann Study employed a vacuum
sampling method whereas the WTC Background Study collected wipe samples.

7.2.8 Comparison of Polycyclic Aromatic Hydrocarbon Concentration in
Settled Dust

All 80 wipe samples collected in the WTC Background Study were reported to be
below the limits of detection (290 pg/m?, benzo[a]pyrene equivalents). No
citations were found in the literature search for surface loading of PAHs in the
indoor residential environment. Consequently, no comparison is possible with the
PAH surface loading results reported in the WTC Background Study.

DISCUSSION

The objective of this Study was to determine indoor baseline levels or background
concentrations for a specific group of compounds that are associated with the
World Trade Center collapse. These background concentrations will be used to
supplement the health-based benchmarks established in the "World Trade Center
Indoor Air Assessment: Selecting Contaminants of Potential Concern and Setting
Health-Based Benchmarks"document and may be used as an alternative cleanup
value if the health-based benchmark cannot be achieved.

The compounds of interest were asbestos, man-made vitreous fibers, lead, dioxin,
polycyclic aromatic hydrocarbons, and crystalline silica. In addition to these
compounds, data were also collected for calcite, gypsum, portlandite, and total
dust. A combination of air samples, microvacuum samples, wipe samples, and
bulk dust samples were collected to evaluate these compounds in residential
buildings and in common areas of residential buildings. The microvacuum
samples were collected from a variety of porous surfaces, while the wipe samples
were collected from a variety of hard surfaces. The data were evaluated separately
for each type of sample, type of space, and each compound.

In addition, the data were evaluated for groups of similar data, such as all
residential lead wipe data. The combined of analyses provided a combination of
192 background concentrations, which represents 95% upper confidence limits on
the arithmetic means. Similar subsets of these 192 data points (e.g., by compound
or by media.) were then qualitatively compared to determine a representative
background concentration for each compound in air, bulk dust, porous materials,
and hard materials. The recommended values are presented below in Table 8-1.
The values presented in the table are an upper-bound statistical estimation of the
true mean of the sample population. The upper-bound confidence limit is 95%,
which represents the confidence that the true mean is equal or lower to the value
that is presented in the table.
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Table 8-1. Background concentrations that were derived based on the analytical
results from the samples collected in this study. The concentrations listed in the
table represent the 95% upper confidence limit (UCL) on the arithmetic mean.

Compound Air Settled Dust
Bulk Dust Porous Hard
Surface Surface
Asbestos n/a : 6,192 s/cm™®
(<1%)
Asbestos - PCM | 0.0023 s/cc®
Asbestos - TEM | 0.00024 s/cc?
AHERA
Asbestos - TEM | 0.00024 s/cc®™
PCMe ‘
MMVF 0.00006 s/cc®" n/a 52 s/em?"
(<1%)

. Lead 0.03 pg/m*™ | 186 mg/kg® | 1.98 pug/f*™ | 1.78 pg/f™®
Dioxin 0.693 ng/m*"
PAH n/a

(<290 pg/m’)
Alpha-quartz 79.6 pg/fiR
(w/o max. value)
Calcite 132.3 pg/f*"
Cristobalite 103.7 pg/ft*”
Gypsum 49.9 pg/f™”
Portlandite 99.8 ug/ft”
Tridymite 99.8 ug/ft’”
Total Dust 14.4 mg/f}

n/a - indicates that a upper confidence limit could not be calculated, value in parenthesis
indicates that the value is less than the detection limit
italics - indicates a theoretical UCL due to all data being below the detection limit
. T - indicates the total data set was used
: R - indicates only the residential data set was used
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As with any statistical evaluation, decisions made regarding the data must be
taken into consideration when discussing and applying the results. For this
evaluation, there were several decisions that were made regarding the data sets that
affect the confidence in the estimated background concentrations.

The first is that when a sample was reported to be below the detection limit, it was
assigned a value of %; the detection limit. A sample that is listed as being below
the detection limit may correspond to a concentration that is actually or virtually
zero, or it may correspond to a concentration that is very close to the detection
limit. By utilizing Y2 of the detection limit for samples that are below the detection
limit, the true background concentration may be over- or under-estimated.
However, this approach consistently assigns a mid-point value that should result in
an estimation that is closer to the actual mean than if either zero or the detection
limit had been assigned for each sample that was below the detection limit. This is
an important concept given that many of the data sets evaluated contained a large
percentage of samples that were below the detection limit. As illustrated in Table
8-3, the UCLs presented in Table 8-1 would decrease or increase, respectively, by
approximately the same margin if either zero or the detection limit would have
been substituted for the samples that were below the detection limit. Data sets
with a frequency of detection of less than eight percent would vary by more than
50%, although using Y of the detection limit provides an estimated value that is
within the middle of the range and should be a better estimation of the true mean.

Another decision that was made was to calculate UCLs for all of the data sets
regardless of the sample size or frequency of detection. EPA generally estimates
UCLs for data sets that have a sample size of greater than or equal to ten. For this
assessment several UCL calculations were performed on data sets with a sample
size of less than 10. The resulting UCLs for these data sets would be viewed with
less certainty than UCLs calculated from larger data sets, but as described above,
we were unable to achieve the sample size we desired for every sample type or
compound. Additionally, there were multiple data sets for which all of the samples
were reported to be below the detection limit. Some of these data sets had varying
detection limits which made choosing a single value problematic. To circumvent
this problem, data sets that had variability due to varying detection limits also had
UCLs estimated, even if the frequency of detection was 0%. These estimated
UCLs were identified as theoretical values because the mean that was calculated,
from which the UCL was derived, was based only upon the detection limit and it
does not include actual detected concentrations. The resulting theoretical UCL for
these data sets is generally near the highest detection limit that was used.

Conclusions
The evaluation of the data collected from this Study was able to:

. provide estimates of baseline levels or background concentrations of
compounds that were identified as COPCs related to the World Trade
Center collapse,
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Table 6-1. Summary of the analytical results for the organic and inorganic compounds from the background study. The table presents the sample
size, frequency of detection, minimum and maximum detected concentrations, arithmetic mean, the statistic used, and the upper confidence limit
(UCL) for each compound and matrix sampled. The values in this table were calculated using the entire data set for each analyte, which includes
residential and common areas.

Total Data Set Range
: Freq. Of Arithmetic . ge
Analyte Matrix ™ | Detection | Minimum* | Maximum Mean Statistic UCL
Asbestos Bulk Dust 3 0/3 <0.5% S o e — —
Air - PCM 64 33/64 0.0005 f/ec 0.007 f/ec 0.0017 f/cc 95% Chebyshev 0.0027 flcc
(Mean, STD)
Air - TEM AHERA 62 4/62 0.0002 s/cc 0.0004 s/cc 0.00022 s/cc | 95% Chebyshev | 0.00025 s/cc
" (Mean, STD) .
Air - TEM PCMe 62 3/62 0.0002 s/cc 0.0004 s/cc 0.00022 s/cc | 95% Chebyshev | 0.00024 s/cc
(Mean, STD)
Microvacuum - All 161 | 21/161 317 s/cm? 72,094 s/cm’ 2,783 s/cm?
Microvacuum - 69 13/69 317 s/cm? 72,094 s/cm? 3,715 s/cm?
Carpet
Microvacuum - 77 6/77 317 s/cm? 24,138 s/cm?® 1,818 s/cm’
Couch
Wipe - All 146 25/146 592 s/cm® | 3,798,910 s/em® | 37,174 s/cm? 97.5% 207,033 s/cm®
Chebyshev
(Mean, STD)
*Minimum detected value includes values that may be Y of the detection limit Table 6-1
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Residential Data Set Range
Freq. Of Arithmetic . ge
Analyte Matrix D | Detection | Minimum* | Maximum Mean Statistic UCL
| Wipe - Counter 25 3/25 592 slem? | 2,770 s/cm® | 870 s/cm? 95% Chebyshev | 1,357 s/cm’
" (Mean, STD)
Wipe - Floors 25 4/25 592 s/cm® | 40,363 s/cm® | 2,405 s/cm® | 95% Chebyshev | 9,307 s/cm®
(Mean, STD)
Wipe - Walls 30 4/30 592 sfem® | 12,267 slem? | 1,530 s/em® | 95% Chebyshev | 3,473 s/cm®
(Mean, STD)
MMVF Bulk Dust 24 0/24 <0.5% SIS [ — —_ | eee— e
Air 48 1/48 0.032 s/L 0.216 s/L 0.041 s/L 95% Chebyshev 0.06 s/L
(Mean, STD)
Wipe - All 99 | 1199 | 20skcm® | 286s/em® | 38siem® | 95% Chebyshev | 53 siom?
(Mean, STD)
Wipe - Ceiling 23 1723 29 s/cm’ 286 s/cm’ 40 s/cm? 95% Chebyshev 87 s/cm®
(Mean, STD)
Wipe - Counter 24 124 29 s/cm? 114 s/cm? 32 s/em? 95% Chebyshev 48 s/cm®
(Mean, STD)
Wipe - Floors 24 8/24 29 s/cm? 172 s/cm? 52 s/cm’ 95% Chebyshev 89 s/cm’
(Mean, STD)
Wipe - Walls 28 1/28 29 s/cm® 57 slem? 30 s/cm® 95% Chebyshev 34 s/cm®
(Mean, STD)
Lead Bulk Dust 9 99 | 445mgkg | 242mekg | 126mgkg | 95%H-UCL | 186 mgke
* Minimum detected value includes values that may be % of the detection limit Table 6-2
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Residential Data Set Range
Freq. Of Arithmetic . ge
Analyte Matrix " | Detection | Minimum* | Maximum Mean Statistic UCL
Air 32 1/32 0.026 pg/m’ | 0.058 pg/m® | 0.028 pg/m*® | 95% Chebyshev | 0.032 pg/m®
(Mean, STD)
Microvacuum - All 144 | 12144 | 116 pg/f® | 9.73 ug/f? | 1.53pg/? | 95% Chebyshev | 2.05 pg/f
(Mean, STD)
" Microvacuum - Carpet 60 10/60 16 pg/f | 9.73 pg/f? | 2.00 pg/f> | 95% Chebyshev | 3.20 pg/fi
(Mean, STD)
Microvacuum - Couch 72 2/72 1.16 ug/f* | 2.83 pg/f 1.20 pg/ft 95% Chebyshev 1.34 pg/ft’
(Mean, STD)
Microvacuum - Drapes 12 0/12 Li6pg/f? |~ | e | e e
Wipe - All 80 39/80 025pg/f2 | 105pg/f2 | 1.04pug/ft | 95% Chebyshev | 1.78 pg/fi?
(Mean, STD)
Wipe - Counter 25 12/25 025 pg/f? | 5.9 pg/f? 1.1 pg/f® | 97.5% Chebyshev | 2.98 pg/f®
(Mean, STD)
Wipe - Floors 25 21725 025 ug/ft | 10.5 pg/fi 1.82 pg/ft? 95% H-UCL 2.96 pg/ft*
Wipe - Walls 30 6/30 0.25 pg/f? 1.01 pg/ft? 0.35 pg/ft? 95% Chebyshev 0.52 pg/f
. (Mean, STD)
Dioxin Wipe - All 80 19/80 | 0.475 ng/m®> | 0.83 ng/m* | 0.629 ng/m’ 95% H-UCL 0.643 ng/m’
Wipe - Counter 25 6/25 0.475 ng/m” | 0.823 ng/m® | 0.639 ng/m® 95% H-UCL 0.672 ng/m’
Wipe - Floors 25 6/25 0.546 ng/m”* | 0.771 ng/m*> | 0.621 ng/m’ Student’s t 0.643 ng/m*
Wipe - Walls 30 7/30 0.534ng/m* | 0.83 ng/m*> | 0.628 ng/m’ 95% H-UCL 0.650 ng/m’
* Minimum detected value includes values that may be % of the detection limit Table 6-2
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Residential Data Set Range ) .
Analyte Matrix 1 ll)?:te;lc.ti(:fl Minimum* | Maximum Arﬁftll:::m Statistic UCL
PAH Wipe - All 80 0/80 290 pg/m® | eeeeeme- SE— SR I —
Wipe - Counter 25 0/25 290 pg/m’ ——— SEUUUUSUR [ —— S
Wipe - Floors 25 0/25 290 pg/m’ — UNRUUUEE
Wipe - Walls 30 0/30 290 pg/m* | eeee | e - — ] e -
Table 6-2

* Minimum detected value includes values that may be % of the detection limit
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Table 6-3. Summary of the analytical results for the organic and inorganic compounds from the background study. The table presents the sample
size, frequency of detection, minimum and maximum detected concentrations, arithmetic mean, the statistic used, and the upper confidence limit
(UCL) for each compound and matrix sampled. The values in this table were calculated using only the data sets from the common areas for each

analyte.
Common Area Data Set Range
Freq. Of Arithmetic . oe
Analyte Matrix ™| Detection | Minimum* | Maximum Mean Statistic UCL
Asbestos Bulk Dust 0 | -———- —— — ——————e | s —
Air - PCM 14 10/14 0.0005 f/cc 0.007 flec 0.0028 f/cc 95% 0.0058 ficc
Chebyshev
(Mean, STD)
Air - TEM AHERA 14 2/14 0.0002 s/cc 0.0004 s/cc 0.00024 s/cc 95% 0.00032 s/cc
Chebyshev
(Mean, STD)
Air - TEM PCMe 14 1/14 0.0002 s/cc 0.0004 s/cc 0.00023 s/cc 95% 0.00029 s/cc
Chebyshev
(Mean, STD)
Microvacuum - All 18 6/18 792 s/cm? 61,732 s/cm? 7,145 s/cm?®
Microvacuum - Carpet | 9 3/9 792 s/em?> | 61,732s/cm® | 9,409 s/cm’
Microvacuum - Chair 3 173 1,979 s/em® | 22,952 s/cm? 8,970 s/cm?
Microvacuum - Couch | 6 2/6 792 s/cm? 9,497 s/cm’® 2,836 s/cm?
Wipe - All 42 11/42 592 s/em® | 3,798,910 s/cm? | 123,507 s/cm? 97.5% 710,495 s/cm?
Chebyshev
(Mean, STD)
* Minimum detected value includes values that may be % of the detection limit Table 6-3
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Common Area Data Set Range
Freq. Of Arithmetic .o
Analyte Matrix n Detection | Minimum* Maximum Mean Statistic UCL
Wipe - Floors 9 0/9 290 pg/m? | e | e —— |
Wipe - Walls 18 0/18 290 pg/m? | e | e | e | e
* Minimum detected value includes values that may be % of the detection limit Table 6-3
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Table 6-4. Summary of the analytical results for the mineral compounds and total dust from the background study. The table presents the sample
size, frequency of detection, minimum and maximum detected concentrations, arithmetic mean, the statistic used, and the upper confidence limit
(UCL) for each compound and matrix sampled. The values in this table were calculated using the entire data set for each analyte, which includes
residential and common areas.

Total Data Set Range ] ]
Anaylte Matrix n ll)?::eqc.ﬁ(:; Minimum* | Maximum Anl\f[l:::tlc Statistic UCL

Alpha-quartz | Bulk Dust 9 8/9 1.01 % 6.89 % 22% 95% H-UCL 3.66 %
Air 46 12/46 2pg/m® | 259 pg/m® | 9.2 pg/m® | 95% Chebyshev (Mean, STD) | 33.5 pg/m’
Wipe - All 114 | 51/114 | 125 pg/f® | 1880 pg/fi> | 79.5 pg/f> | 95% Chebyshev (Mean, STD) | 156.3 pg/ft?
Wipe - Counter 32 13/32 12.5 pg/f? | 370 pg/f? | 67.0 ug/f® | 95% Chebyshev (Mean, STD) | 134.7 pg/fi?
Wipe - Floors 34 | 20/34 25 pg/f? | 1880 pg/f? | 125.4 pg/f* | 95% Chebyshev (Mean, STD) | 367.9 pg/fY?
Wipe - Walls 48 18/48 125 pg/f? | 270 pg/R® | 553 ug/f* | 95% Chebyshev (Mean, STD) | 94.1 pg/ft®

Calcite Bulk Dust 9 1/9 0.425 % 4.95 % 1.56 % 95% H-UCL 341 %
Air 46 0/46 8 pg/m’ 11 pg/m* | 8.8pg/m’® | 95% Chebyshev (Mean, STD) | 9.3 pg/m’
Wipe - All 114 | 3/114 50 pg/f? | 785 pg/ft | 102.6 pg/f? | 95% Chebyshev (Mean, STD) | 132.3 pg/f?
Wipe - Counter 32 0/32 50pg/f? | 100 pg/f | 922 pg/? | 95% Chebyshev (Mean, STD) | 106.4 pg/ft’
Wipe - Floors 33 2/33 50 pug/f | 350 pg/f® | 104.8 pg/ft? | 95% Chebyshev (Mean, STD) | 147.2 pg/f’
Wipe - Walls 49 1/49 50 pg/fY 785 ug/f | 107.9 pg/f? | 95% Chebyshev (Mean, STD) | 170.2 pg/fi?

Cristobalite | Bulk Dust 9 0/9 0.04 % 495 % 1.45% 97.5% Chebyshev (Mean, STD) 4.69 %
Air 46 0/46 8 pg/m’ 11pg/m® | 8.8pug/m® | 95% Chebyshev (Mean, STD) | 9.3 pg/m’

* Minimum detected value includes values that may be %: of the detection limit Table 6-4
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Total Data Set Range . )
Anaylte Matrix n §::e:tng£ Minimum* | Maximum Anl\flhex:: e Statistic veL

Wipe - All 114 | 1114 50 pg/f? | 260 pg/fE | 93.9 pg/ft | 95% Chebyshev (Mean, STD) | 103.7 pg/ft?
Wipe - Counter 32 0/32 50 pg/f* | 100 pg/f | 922 pg/fit | 95% Chebyshev (Mean, STD) | 106.4 pg/ft2
Wipe - Floors 33 1/33 50 pg/f2 | 260 pg/ft | 97.3 pg/f* | 95% Chebyshev (Mean, STD) | 123.4 pg/ft’
Wipe - Walls 49 0/49 50 pg/f’ | 100 pg/f* | 929 pg/f* | 95% Chebyshev (Mean, STD) | 103.9 pg/f’

Gypsum Bulk Dust 9 1/9 0.02 % 2.38% 0.76 % 97.5 Chebyshev (Mean, STD) 2.33 %
Air 46 0/46 4 ug/m’ 55pg/m® | 4.25pug/m*® | 95% Chebyshev (Mean, STD) | 4.54 pg/m’
Wipe - All 114 | on14 | 25ugs® | sopgm? | 463 pg/t® | 95% Chebyshev (Mean, STD) | 49.9 pg/f®
Wipe - Counter 32 0/32 25 pg/ft 50ug/f? | 46.7 pg/f® | 95% Chebyshev (Mean, STD) | 53.2 pg/ft®
Wipe - Floors 33 0/33 25 ng/ft 50 ug/f? | 46.2 pg/f* | 95% Chebyshev (Mean, STD) | 53.1 pg/ft
Wipe - Walls 49 0/49 25 pg/f? 50 ug/ft | 46.4 pg/f? | 95% Chebyshev (Mean, STD) | 51.9 pg/ft

Portlandite Bulk Dust 9 0/9 0.04 % 4.95 % 1.45% 97.5% Chebyshev (Mean, STD) 4.69 %
Air 46 0/46 8 pg/m’ 11 pg/m® | 8.8pg/m® | 95% Chebyshev (Mean, STD) | 9.3 pg/m’
Wipe - All 114 | 0114 50 pg/f | 100 pg/f® | 92.5 pg/f* | 95% Chebyshev (Mean, STD) 99.8 pg/ft’
Wipe - Counter 32 0/32 50 pg/f? | 100 pg/f? | 922 pg/? | 95% Chebyshev (Mean, STD) | 106.4 pug/fi?
Wipe - Floors 33 0/33 SOpg/f2 | 100 pg/f? | 92.4 pg/f? | 95% Chebyshev (Mean, STD) | 106.2 pg/f?
Wipe - Walls 49 | 0449 50ug/f? | 100pg/f? | 92.9 pe/f® | 95% Chebyshev (Mean, STD) | 103.9 pg/fi?

Tridymite Bulk Dust 9 0/9 0.04 % 495 % 1.45% 97.5% Chebyshev (Mean, STD) 4.69%

* Minimum detected value includes values that may be %; of the detection limit Table 6-4
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Total Data Set Range ] .
Anaylte Matrix " ll)?::t?c.ﬁ(:fn Minimum* | Maximum Anl\t'll::: . Statistic UCL

Air 46 0/46 8 pg/m’ 11 pg/m® | 8.8pug/m® | 95% Chebyshev (Mean, STD) | 9.3 pg/m®
Wipe - All 114 | 0/114 50 ug/f* | 100 pg/f* | 92.5 pg/ft | 95% Chebyshev (Mean, STD) | 99.8 ug/fi?
Wipe - Counter 32 0/32 50 pg/f? 100 pg/f® | 92.2 pg/f® | 95% Chebyshev (Mean, STD) | 106.4 pg/ft®
Wipe - Floors 33 0/33 50 pg/ft? 100 pg/f> | 92.4 pg/f* | 95% Chebyshev (Mean, STD) | 106.2 pg/ft?
Wipe - Walls 49 0/49 50 pg/f> | 100 pg/f? | 92.9 pg/f’ | 95% Chebyshev (Mean, STD) | 103.9 pg/ft’

Total Dust Wipe 35 35/35 | 0.366 mg/ft® | 18.1 mg/f® | 10.9 mg/f> | 95% Chebyshev (Mean, STD) | 14.4 mg/f’

* Minimum detected value includes values that may be % of the detection limit Table 6-4
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Table 6-5. Summary of the analytical results for the mineral compounds and total dust from the background study. The table presents the sample -
size, frequency of detection, minimum and maximum detected concentrations, arithmetic mean, the statistic used, and the upper confidence limit
(UCL) for each compound and matrix sampled. The values in this table were calculated using only the data sets from the residence areas for each

analyte.
Residential Data Set Range
n Freq. Of Arithmetic .
Anaylte Matrix Detection | Minimum* Maximum Mean Statistic UCL
Alpha-quartz | Bulk Dust 9 8/9 1.01 % 6.89 % 22% 95% H-UCL 3.66 %
Air 32 8/32 2 pg/m’ 259 pg/m® 11.8 pg/m® | 97.5% Chebyshev | 61.9 pg/m’
(Mean, STD)
Wipe - All 81 31/81 12.5 pg/f? 370 pg/f? 50.8 pg/ft 95% Chebyshev 79.6 pg/f
(Mean, STD)
Wipe - Counter | 25 10/25 12.5 pg/ft? 370 pg/ft? 67.5 pg/f 95% Chebyshev 148.4 ug/ft
(Mean, STD)
Wipe - Floors 26 13/26 25 ug/f 180 pg/ft? 54.0 pg/ft 95% Chebyshev 91.1 pg/ft?
(Mean, STD) |
Wipe - Walls 30 8/30 12.5 pg/f 110 pg/f 34.2 pg/f? 95% Chebyshev 51.6 pg/f
(Mean, STD)
Calcite Bulk Dust 9 1/9 0.425 % 495 % 1.56 % 95% H-UCL 3.41%
Air 32 0/32 8 ug/m’ 11 pg/m’ 8.78 ug/m’ 95% Chebyshev 9.4 pg/m’
(Mean, STD)
Wipe - All 80 | 2/80 50 pg/f? 785 ug/f> | 1042 pg/f? | 95% Chebyshev | 145.2 pg/f?
(Mean, STD) )
* Minimum detected value includes values that may be '; of the detection limit Table 6-5
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Residential Data Set Range
n | Freq.Of Arithmetic . gs
Anaylte Matrix Detection | Minimum* Maximum Mean Statistic UCL
Wipe - Counter | 25 0/25 50 pg/f? 100 pg/fi2 92 pg/f? 95% Chebyshev 108.3 pg/ft?
(Mean, STD)
Wipe - Floors 24 1/24 50 pg/fe 350 pg/f 102.1 pg/ft 95% Chebyshev 152.0 pg/f?
(Mean, STD)
Wipe - Walls 31 1/31 50 pg/ft? 785 pg/ft? 115.6 pg/ft? 95% Chebyshev 213.8 pg/ft?
(Mean, STD)
Cristobalite | Bulk Dust 9 0/9 0.04 % 4,95 % 1.45% 97.5% Chebyshev 4.69 %
(Mean, STD)
Air 32 0/32 8 pg/m’ 11 pg/m’ 8.78 pg/m’ 95% Chebyshev 9.4 png/m’
(Mean, STD)
Wipe - All 8o | oo 50 pg/f2 100 pg/fe 919ug/f® |  95% Chebyshev | 100.9 pg/f?
(Mean, STD)
Wipe - Counter | 25 0/25 50 pg/ft? 100 pg/fi? 92.0 pg/ft? 95% Chebyshev 108.3 pg/ft?
(Mean, STD)
Wipe -Floors | 24 | 0724 50 pg/f? 100 pg/f2 91.7pg/f? |  95% Chebyshev | 108.6 pg/f?
(Mean, STD)
Wipe - Walls 31 0/31 50 pg/f 100 pg/ft? 91.9 pg/ft? 95% Chebyshev 106.6 pg/ft?
(Mean, STD)
Gypsum Bulk Dust 9 1/9 0.02 % 2.38% 0.76 % 97.5% Chebyshev 2.33%
(Mean, STD)
* Minimum detected value includes values that may be %: of the detection limit Table 6-5
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Table 6-6. Summary of the analytical results for the mineral compounds and total dust from the background study. The table presents the sample
size, frequency of detection, minimum and maximum detected concentrations, arithmetic mean, the statistic used, and the upper confidence limit
(UCL) for each compound and matrix sampled. The values in this table were calculated using only the data sets from the common areas for each

analyte.
Common Area Data Set Range . .
Anaylte Matrix n g:f.?c'ng,f. Minimum* | Maximum Anlcll:::m Statistic UCL
Alpha-quartz | Bulk Dust 0] - - e B i e
Air 14 4/14 2 pg/m’ 9pg/m® | 3.14pug/m’® | 95% Chebyshev (Mean, STD) 5.6 pg/m’
Wipe - All 33 20/33 12.5 pg/f? | 1880 g/t | 149.9 pg/f? | 97.5% Chebyshev (Mean, STD) | 508.5 pg/ft®
Wipe - Counter 7 3/7 12.5 pg/f? | 220 pg/? | 65.4 pg/f 95% H-UCL 288.5 pg/ft?
Wipe - Floors 8 7/8 25 pg/f* | 1880 pg/f* | 357.5 ug/ft’ | 97.5% Chebyshev (Mean, STD) | 1769.4 pg/ft’
Wipe - Walls 18 10/18 25ug/f? | 270 pg/f? | 90.6 pg/f’ | 95% Chebyshev (Mean, STD) | 180.1 pg/ft’
Calcite Bulk Dust 0 | - | s [ e | e e
Air 14 0/14 8 pg/m’ 10 pg/m*® | 8.86 ug/m® | 95% Chebyshev (Mean, STD) | 9.75 pg/m’
Wipe - All 34 1/34 50pug/fe | 260 pg/f2 | 98.8.ug/f | 95% Chebyshev (Mean, STD) | 123.4 pg/ft’
Wipe - Counter 7 0/7 50 ug/f? | 100 pg/f? | 929 pg/f2 | 95% Chebyshev (Mean, STD) | 124.0 pg/f®
Wipe - Floors 9 1/9 50 ug/f? | 260 pg/f? | 1122 pg/f2 | 95% Chebyshev (Mean, STD) | 196.2 pg/ft?
Wipe - Walls 18 0/18 50 ug/f? | 100 pg/f® | 94.4 pg/ft? 95% Chebyshev (Mean, STD) | 111.1 pg/f?
Cristobalite | Bulk Dust 0 | -~ | === e e e - e
| Air 14 0/14 8 pg/m’ 10 pg/m® | 8.86 pg/m® | 95% Chebyshev (Mean, STD) | 9.75 pg/m’
* Minimum detected value includes values that may be % of the detection limit Table 6-6
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Common Area Data Set Range ] ]
Anaylte Matrix n g::;zz Minimum* | Maximum Arll\t'[l::: fle Statistic UCL
Wipe - All 34 | 134 SOpg/f? | 260 pg/f? | 98.8 pg/f? | 95% Chebyshev (Mean, STD) | 123.4 pg/ft®
Wipe - Counter 7 0/7 50 pug/f? | 100 pg/f® | 929 pg/? | 95% Chebyshev (Mean, STD) | 124.0 pg/ft2
Wipe - Floors 9 1/9 50 ug/f? | 260 pg/f2 | 112.2 pg/f* | 95% Chebyshev (Mean, STD) | 196.2 pg/ft?
Wipe - Walls 18 0/18 50 g/t | 100 pg/f | 94.4 pg/f® | 95% Chebyshev (Mean, STD) | 111.1 pg/f?
Gypsum Bulk Dust 0 | —ememem | mmemm | e | e | e e
Air 14 0/14 4 ug/m’ S5pg/m® | 429 pg/m® | 95% Chebyshev (Mean, STD) | 4.83 pg/m’
Wipe - All 34 | 0534 WS ugf? | S0ug/M® | 47.1pg/R® | 95% Chebyshev (Mean, STD) | 53.2 pg/ft®
Wipe - Counter 7 0/7 25 pg/ft? 50 pg/f? | 46.4 pg/f* | 95% Chebyshev (Mean, STD) | 62.0 pg/fi?
Wipe - Floors 9 0/9 25 pg/f? 50ug/f® | 472 pg/? | 95% Chebyshev (Mean, STD) | 59.3 pg/f?
Wipe - Walls 18 0/18 25 pg/f 50 pg/f? | 472 pg/f? | 95% Chebyshev (Mean, STD) | 55.5 pg/ft?
Portlandite Bulk Dust 0 | -~ | =~ | e | e e e
Air 14 0/14 8 pg/m’ 10 pg/m® | 8.86 ug/m® | 95% Chebyshev (Mean, STD) | 9.75 pg/m’
Wipe - All 34 | o34 S0pg/f® | 100 pg/f? | 94.1 pg/f® | 95% Chebyshev (Mean, STD) | 106.3 pg/f?
Wipe - Counter 7 0/7 50ug/ft | 100 pg/f® | 929 pg/f? | 95% Chebyshev (Mean, STD) | 124.0 pg/f
Wipe - Floors 9 0/9 50 ug/f | 100 pg/ft2 | 94.4 pg/f® | 95% Chebyshev (Mean, STD) | 118.7 pg/f?
Wipe - Walls 18 0/18 50 pg/ft? 100 pg/f? | 94.4 ug/f* | 95% Chebyshev (Mean, STD) | 111.1 pg/f?
Tridymite Bulk Dust 0 e B el I —————-- e
* Minimum detected value includes values that may be %2 of the detection limit Table 6-6
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Common Area Data Set Range ] ]
Anaylte Matrix n ll)?::eqc.ugz Minimum* | Maximum Arll\t/[l:;l: e Statistic UCL

Air 14 0/14 8 pg/m’ 10 pgm® | 8.86 pg/m® | 95% Chebyshev (Mean, STD) | 9.75 pg/m®
Wipe - All 34 0/34 50 ug/? | 100 pg/f2 | 94.1 pg/® | 95% Chebyshev (Mean, STD) | 106.3 pg/f®
Wipe - Counter 7 0/7 S50 pg/ft | 100 pg/f> | 92.9 ug/f* | 95% Chebyshev (Mean, STD) | 124.0 pg/ft?
Wipe - Floors 9 0/9 50 pg/f? | 100 pg/f® | 94.4 ug/f* | 95% Chebyshev (Mean, STD) | 118.7 pg/ft*
Wipe - Walls 18 0/18 50 ug/f? | 100 pg/f | 94.4 ug/? | 95% Chebyshev (Mean, STD) | 111.1 pg/fi®

Total Dust - | Wipe 9 9/9 53mg/f? | 17.5mg/f? | 10.7 mg/f* | 95% Chebyshev (Mean, STD) | 17.2 mg/f?

* Minimum detected value includes values that may be % of the detection limit Table 6-6
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Table 7-3. Household Dust Lead Measurements from Wipe Sampling in an Old, Urban

Community
Sample Number of Median Range EPA Percentage
Collection Samples (see Standard above
Site note below) standard

(ng/ft) (hg/ft) (ng/ft))

Non-carpeted 124 12 3-369 40 23
floors
Carpeted 65 5 3-78 40 5
floors

Source: Gallicchio et al. (2002)

Note: Each reported sample was a composite of wipe samples taken from three different rooms.
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.Table 7-5. Background Soil Concentrations of Polycyclic Aromatic Hydrocarbons (PAHs)

Concentrations {j19/kg)

Jones et al. 1987

Source: ATSDR (1995)

NYC-WTC_000145954

Compound Rural soil Agricultural Soll Urban Solt
Acenaphthens 1.7 6
Acenaphthylens 5
Anthracene 11-13
Benzo(a)anthracene 5-20 56~110 168-59,000
Benzo{a)pyrene 2-1.300 4.6-900 165-220
Benzo{b)tlucranthene 20-30 58-220 15,000-62,000
Benzo(e)pyrene 53-130 €60-14,000
Benzo(g.h.ijperylene 10-70 66 800—47,000
Benzo(k)fluoranthene 10~110 §8-250 300-26,000
Chrysene 38.3 78-120 251640
Fluoranthens 0.3-40 120-210 200-166,000
Fluorene 8.7
Ideno(1,2,3-c,d}pyrens 10-15 63-100 8,000-61,000
Phenanthrene 300 48-140
Pyrene 1-18.7 99-150 145-147,000
8Derived from:

IARC 1973

White and Vanderslice 1980

Windsor and Hites 1979

Edwards 1983

Butler et al. 1584

Vogt et al. 1887
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ATTACHMENT A

World Trade Center Indoor Air Assessment:
Selecting Contaminants of Potential Concern
and
Setting Health-Based Benchmarks
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data and the NYCDOH/ATSDR indoor air pilot program [NYCDOH, 2002]. A concerted effort
also was made to identify and review additional sources of WTC-related data from other
governmental agencies (e.g., U.S. Geological Survey, NYC Board of Education), academic
institutions, environmental organizations, and the private sector.

A semi-quantitative screening process was performed on the collected sampling data. Based on
frequency-of-detection, concentration and inherent toxicity, contaminants that exceeded health-
based screening levels for the ambient air (see Appendix B) were identified. Dioxin and PAHs
were added to the COPC list by this process. In addition, building constituents with carcinogenic
(asbestos) or irritant effects (fibrous glass, crystalline silica) that were consistently and
significantly found in bulk debris and indoor dust samples were identified as COPCs
[NYCDOH, 2002] . Finally, lead (Pb) was included based on a comparison of sampling data with
existing regulatory standards. Collectively, the resulting group of contaminants are called
“contaminants of potential concern” or COPCs in this report.

The list of COPCs is shown in the column at the left, below. Included for each COPC is a data
summary that supports its inclusion on the list. For completeness, an additional list is included
on the right containing substances that, for various reasons, have created concern, but on closer
inspection, were either rarely detected in the ambient air and/or settled dust sampling around the
WTC, or routinely found at concentrations below the health-based screening criteria presented in
Appendix B.

COPCs Other Substances

Lead Benzene

PAHs PCBs

Dioxin ' Chromium

Asbestos Cadmium

Fibrous Glass Manganese

Crystalline Silica Mercury
Particulate Matter
Refractory Ceramic Fibers
Mold

Lead and Combustion By-Products (PAHs, Dioxin)

Lead. EPA’s ambient air monitoring data detected lead in concentrations that exceeded 1.5
ug/m® on five occasions from September 18-27, 2001. It should be noted that the National
Ambient Air Quality Standard NAAQS) for lead is 1.5 ug/m®, but is based on a three-month
average. Since the ambient monitoring program began, no three-month average of the ambient air
data for lead exceeded the NAAQS of 1.5 ug/m’. However, lead was more commonly found at
concentrations that exceeded 0.1 ug/m®, the default value employed in EPA’s Integrated
Exposure Uptake Biokinetic Model for Lead in Children [EPA, 1994]. This value represents the
upper-bound of average of ambient airborne lead concentrations in urban environments.
Additional support for including lead as a COPC was provided by a report that characterized the
dust that settled over lower Manhattan after the WTC collapse [Lioy, 2002]. The lead

6
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concentration in settled dust ranged from 101 - 625 parts per million (ppm). By itself, this range
does not represent extraordinarily high concentrations, but in combination with the mass of
material released from the collapse of the towers, it represents a potentially significant increase in
the mass of lead deposited in lower Manhattan. Therefore, lead is included as a COPC.

PAHSs. Limited ambient air sampling was conducted for PAHs during the period of time
(September through December, 2001) when combustion processes were occurring at the site.
However, concentrations in bulk dust [EPA, 2002a and Lioy, 2002] exceeded the removal
guidelines for soil in EPA’s Hazard Evaluation Handbook [EPA, 1997] of 9 ppm based on
benzo(a)pyrene equivalents. This value is risk-based, equating to an excess lifetime cancer risk of
1x10™ over a 30-year exposure duration for residential settings. Therefore, PAHs are included as
a COPC.

Dioxin. Ambient air samples exceeded EPA’s screening criteria (see Appendix B) at various
sampling stations during September and October, 2001. Data trend analysis for dioxin in ambient
air [EPA, 2002a] showed that concentrations significantly exceeded the risk-based screening
level of 0.001 - 0.005 ng/m’ . This range was based on an excess lifetime cancer risk of 1x10*
over a 30 year exposure duration for residential settings, using both the existing cancer Slope
Factor [Integrated Risk Information System (IRIS), 2002] and proposed cancer Slope Factor in
EPA’s draft dioxin reassessment [EPA, 2001]. Therefore, dioxin (and related congeners) is
included as a COPC.

Building Materials (Asbestos, Fibrous Glass, Crystalline Silica)

The evaluation of building materials for inclusion as COPCs required a different approach than
that used for the combustion by-products. Those compounds (PAHs, dioxin) benefit from
consensus toxicity criteria (i.e., IRIS-established cancer Slope Factors) that allow for a
quantitative screening paradigm. With the exception of asbestos, the building materials
evaluated (including fibrous glass, crystalline silica, mica, portlandite, calcite and gypsum) do
not have IRIS inhalation toxicity criteria from which to perform quantitative risk assessments.
Complicating this matter is the knowledge that many of these substances were deposited in a
large cloud from the collapse of the towers. Thus, the settled dust may serve as a reservoir for re-
suspension and eventual inhalation exposure. In addition, materials such as fibrous glass can
also cause contact irritation when exposed directly to the skin.

The potential for exposure to building materials in the indoor environment was assessed by
reviewing sampling data on the constituent composition of the indoor/outdoor bulk dust and
indoor/ambient air [EPA, 2002c; USGS, 2001; NYCDOH, 2002; Chatfield & Kominsky, 2001].

Toxicity criteria for building materials (with the exception of asbestos) were obtained from
occupational sources, such as the Occupational Safety and Health Administration’s permissible
exposure limits (OSHA PELs), and the American Conference of Governmental Industrial
Hygienists threshold limit values (ACGIH TLVs). The evaluation of exposure potential coupled
with toxicity information identified three COPCs (asbestos, fibrous glass and crystalline silica).
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Asbestos. In the days immediately following the disaster, EPA analyzed the settled bulk
dust/debris for asbestos content. More than one third of the approximately 150 samples
registered an asbestos concentration greater than 1% [EPA 2002c]. Since that time, EPA has
taken the position that WTC-related dust should be considered potentially asbestos-contaminated
and handled accordingly. Additionally, indoor settled dust samples collected from residential
buildings in November and December 2001 indicated that 18% of the indoor locations sampled
contained measurable levels of asbestos [NYCDOH, 2002]. Therefore, asbestos is included as a
COPC.

Fibrous Glass. Analysis of WTC bulk dust/debris has consistently identified fibrous glass to be
a major constituent of the material [Lioy 2002, USGS 2001]. In addition, an NYCDOH/ATSDR
study [NYCDOH, 2002] found fibrous glass in the interior settled dust in 41% of the locations
sampled at concentrations up to 35%. Air samples collected in areas with fibrous glass in settled
dust indicate no fiber levels of immediate concern. Although fiber counts were found in four
areas with slightly greater than background (0.004-0.006 f/cc), subsequent re-analysis indicated
actual fibrous glass concentrations from these areas as 0.00004 to 0.00026 f/cc. Air samples
from remaining areas showed a maximum 0.003 f/cc total fiber count by PCM. These wools
may be skin, eye, and respiratory tract irritants. Although there are no standards to evaluate the
settled dust content, the presence of fibrous glass in settled dust does indicate a potential for
exposure. Therefore, fibrous glass is included as a COPC.

Crystalline Silica. Settled dust and air samples taken in indoor and outdoor areas of residential
buildings in November and December of 2001 indicate the presence of alpha-quartz. Other
forms of crystalline silica were not found. This is consistent with outdoor dust and debris
samples collected by the USGS [USGS, 2001] and subjected to mineral analysis. Quartz was
found in approximately 49% of the settled dust samples from indoor areas of residential
buildings and all of the associated outdoor areas sampled. Levels of quartz ranged as high as an
estimated 31.4% of the dust by weight in a residence. Since quartz is a common material in
sand, finding this mineral in a city where there is a great deal of concrete is not unusual.
However, quartz in dust from a comparison area unaffected by the WTC collapse ranged from
non-detect only up to an estimated 2.2% in the residence [NYCDOH, 2002]. Seventeen
residential areas and eleven common areas had quartz levels greater than the associated
comparison area. Therefore, quartz was deemed to be elevated in some indoor areas of lower
Manbhattan relative to the comparison area. Additionally, quartz was found in 13% of the
respirable fraction air samples taken in these areas, ranging from an estimated 4-19 ug/m3,
demonstrating a potential for exposure. Although below occupational standards, this estimated
concentration is above the effective NAAQS standard for the silica fraction of respirable
particulate matter. Therefore crystalline silica, measured as alpha-quartz, is included as a COPC.

In addition to crystalline silica, calcite, portlandite and gypsum were the most abundant minerals
detected in settled dust samples from residential areas in lower Manhattan following the WTC
collapse. Mica was detected with much less frequency, generally at less than 0.1% of the dust.
Halite (salt) was also detected at trace levels. Calcite, portlandite, and gypsum are typical
components of concrete and gypsum based wallboard products, which were present in the WTC
buildings. While high concentrations of these minerals in airborne dust constitute a short-term
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Reason

. Chemical

Benzene

Benzene is very volatile and dissipates into ambient air quickly. Grab samples
that recorded high (above the OSHA PEL of 1 ppm) concentrations on the
debris pile consistently dropped to below detection limits (20 ppb) at the site
perimeter.

PCBs

In over 500 ambient air samples taken around the WTC work zone, none
exceeded EPA’s screening level of concern for ambient air (see Appendix B).

Chromium

All measurements (over 300 samples) of chromium in ambient air around the
WTC work zone have been below EPA’s screening level of concern for the
ambient air (see Appendix B). Measurements in settled dust have been below
EPA Removal Action Guidelines [EPA, 1997].

Cadmium

Cadmium was found in only two out of 300 air samples at levels greater than
EPA’s screening level for ambient air (Appendix B). Measurements in settled
dust have been below EPA Removal Action Guidelines [EPA, 1997].

Manganese

Manganese was found in only four of over 300 air samples at levels that were
greater than EPA’s screening level for ambient air (Appendix B). Measurements
in settled dust have been below EPA Removal Action Guidelines [EPA, 1997].

Mercury

Concern regarding mercury has been raised by a report of slightly elevated
blood mercury levels in four Port Authority Police Officers at the WTC site (69
were screened). A NYC Department of Design and Construction report
[Rottner, 2002] concluded that air and bulk data have not shown elevated Hg
levels. The report also noted that routine urine screening of NYC firefighters
assigned to the site did not indicate any sign of Hg exposure. A U.S. Geological
Survey leachability study [USGS 2001] of indoor and outdoor WTC settled dust
samples showed that it is unlikely that harmful levels of mercury could ever be
released to the air. In addition, indoor air sampling using a Lumex Analyzer at
numerous residential dwellings close to Ground Zero determined mercury vapor
concentrations to be well below EPA’s Reference Concentration (RfC) of

.3 ug/m® [Johnson, 2002].

Particulate
Matter

(PM)

Ambient monitoring in the WTC area has shown that, since late October, levels
of PM 10 and PM 2.5 (two commonly measured inhalable PM sizes) have been
below EPA’s level of concern for the ambient air (see Appendix B), indicating
that there is no continuing source of PM entering homes and offices. EPA’s
Environmental Data Trend Report World Trade Center, 9/11/01 - 4/24/02 [EPA,
2002a] concluded that PM 2.5 and PM 10 appear to have returned to levels of a
steady background state.
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In cases where appropriate standards did not exist (e.g., asbestos), risk-based criteria were
developed using established EPA risk assessment methods: for indoor air, methods described in
EPA’s “Risk Assessment Guidance for Superfund” [RAGS, 1989] were used; for settled dust,
EPA Region IlI’s “Wipe Sample Assessment” guidance was utilized with modifications (see
Appendix D). The risk-based criteria reflect the most current toxicity criteria (Cancer Slope
Factors and RfDs/RfCs) on EPA’s Integrated Risk Information System (IRIS), which is a
regularly updated (quarterly), online database that reports chemical toxicity reference values and
information on human health effects that may result from exposure to chemicals in the
environment. ‘

For contaminants that lacked IRIS verified toxicity criteria, occupational standards were
employed. Additional safety factors were added to account for higher exposure and greater
sensitivity within the general population.

The clearance criteria paradigm described above is pathway and chemical specific. Accordingly,
the benchmarks for each COPC do not account for multimedia and multiple chemical exposure.

Individual sampling results that exceed benchmark values should not be interpreted to represent
the occurrence of an adverse health effect. Because benchmark levels assume continuous
exposure for an extended duration, the average of the measured concentrations is more
appropriate for evaluating risk than individual measurements. Consequently, isolated individual
values above the benchmark level may not necessarily be indicative of a hazard.

Developing Risk-Based Criteria for Indoor Air

For carcinogenic compounds, the benchmarks were set so that a local resident’s lifetime risk of
developing cancer from exposure to WTC-related contaminants would not exceed a one-in-ten-
thousand probability (1x10*) above the resident’s background risk without this exposure. The
amount of time that residents and office workers were exposed to WTC-related contaminants is
unknown. To be conservative, the Tier I screening level was chosen to be protective of a resident
who may have been exposed to WTC-related contaminants for one year. The Tier III clearance
level was chosen to be protective of a resident who is exposed to WTC-related contaminants for
30 years, which is the upper-bound estimate for residency in one dwelling [EPA, 1989]. Cancer
risk from less-than-lifetime inhalation exposure is given as:

Risk =LAC *UR

where LAC is the air concentration averaged over a lifetime, calculated as: AC * [EF*ED/LT],
where AC is the average air concentration during the period of exposure (ug/m®), EF is the
exposure frequency (days/year), ED is the exposure duration (years), LT is lifetime (days), and
UR is the unit risk factor, expressed in units of 1/concentration.

The following table lists the input parameters and numerical values (along with a brief
explanation) used in this procedure. (See Appendix D for equations and a more detailed
discussion).
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Input Parameter Value Explanation
SA (Skin Surface Area) 400 cm? Palm Side of Hands
CF (Contact Frequency) 16/day See Appendix D
FTSS (Fraction Transferred from 0.05 See Appendix D
Surface to Skin)
EF (Exposure Frequency) 365 days/yr Days in Residence [EPA, 1989]
ED (Exposure Duration) 30 years Upper-bound Estimate of Time in
Residence [EPA, 1989]
ABSo (Oral Absorption Fraction) 1 See Appendix D
FTSM (Fraction Transferred from 0.1 See Appendix D
Skin to Mouth)
ABSd (Dermal Absorption Fraction) 0.03 (dioxin) Chemical Specific [EPA, 2001b]
0.13 (PAHs)
BW (Body Weight) 70 kg Average Adult [EPA, 1989]
AT-NC (Averaging Time - Non -
Carcinogen)
AT-C (Averaging Time - 25,550 days See Appendix D
Carcinogen)
CSF (Cancer slope factor -dermal 1.0 E+6 (dioxin) | Dioxin Reassessment: EPA, 2001
and oral) 7.3 E0 (PAHs) |IRIS, 2002

In light of the limited data for many of the input parameters used to estimate dose from exposure
to residues on surfaces, conservative exposure estimates were employed. Still, there may be a
concern for highly exposed sub-populations. Infants and young children constitute such a group
due to age-specific activities such as crawling and mouthing and increased surface-area to body-
weight ratios. In cases where non-carcinogenic effects are driving clearance levels, the
difference in dose on a mg/kg/day basis between an adult and a young child could be
considerable. However, in this document the two compounds (dioxin, PAHs) for which the
surface contact methodology has been used to develop clearance levels are carcinogens, so it is
this effect that drives the clearance levels. As such, the Tier III clearance level is strongly
influenced by overall exposure duration, which in this assessment has been set at 30 years.
Consequently, weighted over 30 years, the impact of a high-exposure period (i.e., early
childhood) is diluted. It is acknowledged that Tier I (one year exposure duration) screening
levels for carcinogens may underestimate cancer risk for children, but Tier I contaminant levels
are not expected to persist, therefore the magnitude of any associated uncertainty would be small.
If a contaminant was to be added to the COPC list that had its clearance level based on a non-
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Toxicity criteria for asbestos:
Inhalation Unit Risk = 2.3 E-01 (f/cc)’ [IRIS, 2002]

Risk-based criteria were used to develop the Tiered benchmark levels for asbestos in air.
Conservative assumptions of continuous exposure to a constant level of airborne fibers for either
1 year (Tier I) or 30 years (Tier III) were combined with the IRIS Slope Factor to establish
benchmarks representative of a 1x 10-4 estimate of excess lifetime cancer risk for each scenario.
This approach makes several assumptions, chief among those is the quantification of asbestos
fibers in air based on the PCM definition of a fiber (greater than Sum in length with an aspect
ratio of 3:1 or greater) and the use of the IRIS Slope Factor which was designed to apply to fibers
so defined. Although there is some concern regarding shorter fibers, the approach used here
represents the current consensus by the US EPA for quantifying risk of airborne asbestos fibers.
It should be noted there is ongoing debate regarding the nature of health effects which may be
attributed to shorter asbestos fibers. Both EPA and ATSDR are currently pursuing meetings to
discuss and further refine these issues. However for the purposes of this response, addressing
PCM equivalent fibers is considered protective.

The Tier I level for asbestos in settled dust was based on K factors [Millette and Hays, 1994],
which are empirical relationships between concentrations of asbestos fibers in settled dust and
indoor air. Millette developed the K factors by studying matched air and settled dust samples
taken from various homes, at varying levels of activity in the home. The Tier I level was based
on the K factor for a worst case scenario of a high level of activity. Although K factors are not
rigorous enough to rely upon for a firm health decision, they are used here only to define what
might constitute elevated fiber counts, that would need to be addressed as a near-term concern.
This approach may overestimate potential exposures, but as such, is protective.

It should be noted that the airborne Tier I level of 0.028 f/cc PCM equivalents roughly equates to
the AHERA TEM standard of 70 f/mm? (0.022 f/cc) in total fiber counts. Based on empirical
information from the WTC ambient air monitoring program [EPA, 2002c] that recorded less than
20% of total AHERA TEM fiber counts to be >5 um in length, the AHERA TEM standard. of 70
f/mm? (0.022 f/cc) and the alternate AHERA PCM standard of 0.01 f/cc both meet the risk-
based criteria established for the Tier I screening level.
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setting, uncertainty factors were used to reduce the allowable airborne levels for the Tiered bench
marks. The Tier I benchmark is set at one tenth of the TLV and the Tier III level is set at 1
hundredth of the TLV. It is believed these levels will prevent conditions which may cause
irritant health effects for most individual.

Although fibrous glass in settled dust is known to be a contact irritant, little data exist to provide
a threshold relating to what fiber loading may result in skin irritation, or airborne levels of
concern. However, as with asbestos it was deemed preferable to have a Tier I benchmark
available so that there was some upper bound to settled dust loadings that may trigger action.
Here again Millet’s K factors were used to correlate dust loading levels to the air benchmarks.
The Tier I level for fibrous glass in settled dust was based on Millette’s K factors, which are
empirical relationships between concentrations of asbestos fibers in settled dust and indoor air.
Millette developed the K factors by studying matched air and settled dust samples taken from
various homes, at varying levels of activity in the home. The Tier I level was based on the K
factor for a worst case scenario of a high level of activity. Although K factors are based on
activity data for asbestos, they are believed to be protective for fibrous glass, which is larger and
less airborne. In addition, although K factors are not rigorous enough to rely upon for a firm
health decision, they are used here only to define what might constitute elevated fiber counts,
that would need to be addressed as a near-term concern. This approach may overestimate
potential exposures, but as such, is protective.

The Tier I level for fibrous glass in indoor air was based on the American Conference of
Governmental Industrial Hygienists’ (ACGIH) threshold limit value (TLV) of 1 f/cc. That TLV
is based on limiting irritant effects of fibrous glass on workers. The TLV was divided by a factor
of ten to account for the different exposure durations between ACGIH’s workers and the WTC
area’s residents.

The Tier III level for fibrous glass in indoor air was based on the ACGIH TLV of 1 f/cc, divided
by a factor of 100 to account for greater exposure and the different sensitivities between
ACGIH’s healthy works and the WTC area’s more varied population.
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Chromium

Chromium is a naturally occurring element commonly used in metal alloys and plumbing
coatings in high rise buildings such as the WTC. Chromium and its compounds can be found in
air as very fine dust particles that eventually settle over land, and can cause cancer and other
health problems if inhaled at high concentrations. To date, in over 300 air samples, levels of
chromium measured in ambient air around the WTC work zone have all been below EPA’s
screening level of 0.6 ug/m® in the ambient air (see Appendix B). Measurements in settled dust
[EPA 2002c¢, Lioy 2002] have been below EPA Removal Action Guidelines [EPA, 1997].
Because of these low values, chromium is not being considered a hazard at the WTC site.
Therefore, chromium will not be monitored in any indoor environment testing.

Cadmium and Manganese

Cadmium and manganese, both hazardous air pollutants, were detected in some ambient air
samples taken at the WTC site. However, in over 300 samples, cadmium was found in only two
samples at levels over EPA’s screening level of 0.2 ug/m® in the ambient air (see Appendix B). In
over 300 samples, manganese was found in only four samples at levels above EPA’s screening
value of 0.5 ug/m® in the ambient air (see Appendix B). Because of the low ambient
concentrations of these two metals, they will not be monitored in any indoor environment testing.

Mercury

In late December 2001, it was reported that four New York City Port Authority police officers
were tested with elevated levels of mercury in their blood. This raised concerns over the air
quality at the WTC area. The officers were retested under medical surveillance to determine
whether the source of mercury was the air over the WTC. The retesting found that the levels of
mercury in the officers’ blood and urine were below levels of concern established by NYCDOH
and the American Conference of Governmental Industrial Hygienists. The cause of the first
elevated mercury levels is not known, but may be from something that the officers had eaten the
day before the blood tests were done, and not WTC air. In fact, Rottner [2002] has reported only
one mercury air sample above detection limits to date in the WTC area.

In addition, data from a U.S. Geological Survey leachability study [USGS, 2001] performed on
both indoor and outdoor WTC dust samples found mercury in leachate samples only at trace
levels (up to 18 parts per trillion [ppt] for outdoor dust and 130 ppt in indoor dust). Because only
trace levels of mercury appear to be present in indoor dust samples, the probability that harmful
levels could ever be released to the air is very low. Therefore, mercury will not be monitored in
any further indoor environment testing.

Particulate Matter
Particulate Matter (as fine dust and smoke) in the 10 micron and smaller size range is inhalable
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Mold was not generated during the WTC collapse or associated fires. However, mold may be
present because of actions taken in response to the collapse. Substantial quantities of water were
used to extinguish the fires and to wash buildings affected by the collapse. Some of that water
entered buildings, causing indoor mold contamination. Additionally, the loss of electric power
after the collapse affected the ability of buildings’ ventilation and plumbing systems to control
indoor environments. This may have contributed to indoor mold contamination in some
buildings.

The most common symptoms of exposure to mold are runny nose, eye irritation, cough,
congestion, and aggravation of asthma. Although there is evidence documenting severe health
effects of mold in humans, most of this evidence is derived from eating mold-contaminated
foods, or occupational exposures in agricultural settings, where inhalation exposures were very
high. There are no numeric standards to define “safe” levels of mold. In addition, it is very
unlikely that the existence of mold in buildings around the WTC site can be distinguished from
mold conditions existing prior to the attack. Therefore, the guidance established below is
qualitative in nature and targeted towards detecting the presence of mold and removing it, rather
than quantifying levels that pose health risks.

When inspecting a building, investigators should:

1. Look for evidence of visible mold or water damage throughout the apartment or office.
Pay particular attention to moldy odors.

2. Ask the building management if water damage was noted as a result of the WTC attack or
events thereafter. The investigator should be alert for situations where the loss of power
to a building may have created a situation where either the ventilation or plumbing
systems failed or leaked, creating water damage.

3. If mold contamination is encountered, it should be removed in accordance with New
York City Department of Health mold removal guidelines:

http://www.nyc.gov/health/html/doh/html/epi/moldrpt1.html
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APPENDIX B
World Trade Center Health Effects Screening Criteria for Ambient Air

Introduction

Extensive air quality monitoring data have been collected at and around the World Trade Center
(WTC) site since 9/11/01. Table 1 (Screening Criteria) is intended to provide health protective
screening values for data evaluation. Analysis has been performed on an extensive list of
potentially WTC-related contaminants. Many of the chemicals screened have demonstrated a
consistently low (i.e., below detection limits or trace amounts) trend. Consequently, the list of
contaminants in Table 1 represents those chemicals that, because of their intrinsic toxicity and
frequency/magnitude-of -detection, pose the greatest potential hazard from exposure. This
selection process (i.e., a toxicity/concentration analysis), although qualitative, reflects the
contaminant-of-concern identification process recommended in the Risk Assessment Guidance
for Superfund. Table 1 may be expanded as additional data analysis becomes available. Two
populations have been identified for assessment: response/demolition (i.e., WTC site) workers;
and residents living in Lower Manhattan (e.g., Battery Park City, Tribeca and other residential
locations close to Ground Zero). Included in the resident category are all other workers located in
Lower Manhattan with the exception of WTC site workers.

Relevant Standards

The following paradigm has been employed to develop screening values. For each of the two
identified receptor populations (i.e., site workers and residents), existing standards are utilized
where appropriate. Occupational standards (i.e., OSHA PELs) are used for all site workers
conducting response/demolition activities covered by OSHA. Monitoring data from demolition
areas are compared to OSHA PELs. (For example, the OSHA PEL of 1 ppm for benzene is used
to evaluate benzene air samples taken directly from within the plume on the debris pile.)
Environmental standards (e.g., NAAQS, AHERA) are utilized to evaluate monitoring data from
the site perimeter and beyond where residents or non-WTC site workers may be exposed. (For
example, lead air monitoring data from perimeter stations outside of the immediate work zone
are evaluated against the NAAQS of 1.5 ug/m3.)

Risk-Based Screening Criteria

In cases where appropriate standards do not exist, risk-based screening criteria have been
developed for residential (including the non-WTC site workers) receptors. (In the absence of
OSHA standards, it is beyond the scope of EPA’s mission to develop “occupational” screening
values.) The risk assessment paradigm detailed in EPA’s “Hazard Evaluation Handbook: A
Guide to Removal Actions” (HEH) was employed for this initiative (except where otherwise
noted in the Table 1 footnotes). Screening levels reflect the most current toxicity criteria (Slope
Factors and RfCs) on EPA’s IRIS database.

For carcinogenic compounds excess lifetime cancer risk was set at E-04 (one-in-ten thousand).
The residential exposure scenario in the HEH was modified for carcinogens from the default of
30 years (upper-bound estimate for residency in one dwelling) to 1 year (to reflect an upper
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Contaminant Site Worker ) Resident ®
Manganese 5 mg/m3 Sug/3®
Sulfur Dioxide 5 ppm .14 ppm?®
Particulates
Total 15,000 ug/m3 NA
Respirable 5,000 ug/m3 NA
PM,, NA 40 ug/m3®

65 ug/m3
PM,, NA 150 ug/3™®
Semivolatiles
Dioxin/Furans (TEQ) NA .162 ng/m3 @
PCBs 1,000 ug/m3 73 ug/m3 ©

9 ug/m3 @
PAHs 19 NA 6 ug/m3 &7
Volatiles
Acetone 1,000 ppm 1.5 ppm @
Benzaldehyde NA 860 ppm
Benzene 1 ppm .02 ppm ©

21 ppm @
Benzonitrile NA NA
1,3 Butadiene 1 ppm .01 ppm &1
Chloromethane 100 ppm 4 ppm ©

2.6 ppm @
1,4 Dioxane 100 ppm .5 ppm @
Ethanol 1,000 ppm 45 ppm 19
Ethylbenzene 100 ppm 2.5 ppm ©
Freon 22 1,000 ppm ¥ 140 ppm
Propylene LEL ™ simple asphyxiant
Styrene 100 ppm 2.3 ppm ©
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APPENDIX C
Basis for Tier 11l screening level of 1 E-04

Defensible analytical methodology and sampling protocols are being chosen for future indoor
sampling and analysis activities. The methods chosen are ones that have been published by
reputable agencies and are in common practice among testing laboratories. In some cases, minor
modifications may be made to the sampling and analytical protocols, but these will be
modifications that are well established in the laboratory community.

All protocols chosen are designed to reach the lowest level of detection that is reasonable for the
established methods. For Dioxin, Asbestos and PAHs, the sampling and analytical protocols are
designed to reach detection limits that represent risk estimate levels of 1 E-04. To reach risk
estimates of 1E-06, extraordinary modifications would have to be employed. These
modifications would either have to be incorporated into the analytical protocols to increase the
sensitivity of the required instrumentation, incorporated into the sampling protocols to achieve a
larger sample, or a combination of both. For the Chemical of Potential Concern (COPC) list, the
analytical protocols chosen are already incorporating the maximum sensitivity of the
instrumentation. Therefore, the only legitimate mechanism to lower the overall limits of
detection is to modify the sampling protocol. The two means of achieving this goal are to either
run the sampling equipment (pumps) at a higher flow rate, or for longer periods of time. For the
COPC list modifying flow rates would involve operating the equipment to achieve flow rates on
the order of 500 to 1000 liters per minute. The only equipment available to operate at such flow
rates are large units that can not be brought inside a residence. Rates this high also present
problems with creating excessive negative pressure for indoor environments, plus flow rates this
high have not been tested using the sampling protocols, and there is high likelihood of having
analyte breakthrough on the collection filters. Therefore, this is not practical. The other option
is to run the equipment for long periods of time. Again with the list of Chemicals of Potential
Concern, sampling periods of up to 800 hours (33 days of continuous operation) would be
needed to reach the E-06 risk detection levels.

For silica, the analytical and sampling protocols chosen will give detection levels in the
neighborhood of 5 ug/m®. Instrumental sensitivity can not be set any higher to reach lower
detection levels. Also, the sampling protocols involved for this analysis have been thoroughly
validated by NIOSH. Any change in pump flow rate or sampling duration beyond what is
documented in the method will produce results that have not been validated. Therefore, the
sampling protocol should not be changed from that which is documented.

For fibrous glass the methodology is such that detection levels as low as 0.00001 f/cc can be
achieved. This is well below required levels of detection for future indoor studies.

Another consideration in setting the target risk level involved the anticipated background level of
contaminants such as asbestos, dioxin and PAHs in urban indoor environments. As previously
mentioned, EPA is currently conducting a study to characterize background conditions for WTC
COPCs in New York City residential dwellings. In advance of this study, a literature review was
conducted to provide a general estimate of background concentrations for carcinogenic COPCs
in urban indoor environments. It should be noted that the literature is limited in this regard. For
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Averaging Time (AT)

For non-carcinogens, AT is the exposure duration expressed in days. For carcinogens, exposure
is averaged over a 70-year lifetime (the factor on which the cancer slope factors are based), and
the AT is 70 years, in days (25,550).

Dermal Absorption Fraction (ABSd)
This parameter is chemical-specific. Dermal absorption fractions of 0.06 for PCBs and 0.03 for

dioxins from soil were first proposed in USEPA, 1992 and more recently adopted in EPA 2001b.
Michaud et al (1994) used 0.02 for dioxins and 0.03 for PCBs uptake from a sooty surface, based
on the ranges of estimated ABSd values for soil. The Binghamton panel used a range of values
for PCBs (0.01, 0.1, and 0.5) and dioxins (0.01 and 0.1) ( Kim and Hawley, 198S5).

Reported ranges for dermal uptake for PCBs in solvent vehicles are reported to range from 15 to
56%, with most of the values clustering around 20% (ATSDR, 1993). Reported ranges for
2,3,7,8-TCDD in solvent vehicles are reported to range from 1 to 40% (ATSDR, 1988).
Therefore, it seems that even if absorption from the wall material might be enhanced by residual
solvent, the maximum possible absorption of 100% would be unrealistic even for worst-case
exposure.

The values recommended here of 3% for dioxins and 13% for PAHs are based on EPA, 2001b.

Toxicity Values

There are two toxicity values that can be used to calculate screening values, a Reference Dose
(RfD) for non-carcinogenic compounds and a Cancer Slope Factor (CSF) for carcinogenic
compounds. The RfD is defined as an estimate (with uncertainty spanning perhaps an order of
magnitude) of a daily oral exposure to the human population (including sensitive subgroups) that
is likely to be without an appreciable risk of deleterious effects during a lifetime. It can be
derived from a NOAEL, LOAEL, or benchmark dose, with uncertainty factors generally applied
to reflect limitations of the data used. The CSF is defined as an upper bound, approximating a
95% confidence limit, on the increased cancer risk from a lifetime exposure to an agent. This
estimate, usually expressed in units of proportion (of a population) affected per mg/kg/day, is
generally reserved for use in the low-dose region of the dose-response relationship, that is, for
exposures corresponding to risks less than 1 in 100. As the cancer endpoint was more sensitive,
CSFs were used instead of RfDs. The CSFs used to calculate the clearance criteria are: 1.0 E+6
for dioxin (Dioxin Reassessment, EPA, 2001) and 7.3 E+0 for PAHs (IRIS, 2002).
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APPENDIX E
IEUBK Model Results for Lead in Air

LEAD MODEL FOR WINDOWS Version 1.0 Build 251

Model Version: 1.0 Build 251
User Name:

Date:

Site Name:

Operable Unit:

Run Mode: Research

The time step used in this model run: 1 - Every 4 Hours (6 times a day).

sedesiediedien A qp ekl

Indoor Air Pb Concentration: 100.000 percent of outdoor.
Other Air Parameters:

Age Time Ventilation Lung Outdoor Air
Outdoors Rate Absorption Pb Conc

(hours) (m”3/day) (%) (ug Pb/m"3)
.5-1  0.000 2.000 32.000 1.000
1-2  0.000 3.000 32.000 1.000
2-3  0.000 5.000 32.000 1.000
3-4  0.000 5.000 32.000 1.000
4-5  0.000 5.000 32.000 1.000
5-6  0.000 7.000 32.000 1.000
6-7  0.000 7.000 32.000 1.000

94 o ok dke dje afe Dlet e afe e dfe dfe ac

Age Diet Intake(ug/day)

S5-1 5.530
1-2  5.780
2-3 6490
3-4  6.240
4-5 6.010
5-6  6.340
6-7  7.000
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. ¢ e 35¢ 2f¢ e 3¢ Drlnkmg Water 9% 2k k¢ e e ¢
Water Consumption:
Age Water (L/day)
S5-1 0.200
1-2  0.500
2-3  0.520
3-4  0.530
4-5  0.550
5-6  0.580
6-7  0.590

Drinking Water Concentration: 4.000 ug Pb/L

9 346 3¢ 24¢ e dj¢ SOi] & Dust 90 2fe e e afe ok

Multiple Source Analysis Used
Average multiple source concentration: 240.000 ug/g

Mass fraction of outdoor soil to indoor dust conversion factor: 0.700
Qutdoor airborne lead to indoor household dust lead concentration: 100.000

. Use alternate indoor dust Pb sources? No
Age Soil (ug Pb/g)  House Dust (ug Pb/g)
5-1 200.000 240.000
1-2 200.000 240.000
2-3 200.000 240.000
3-4 200.000 240.000
4-5 200.000 240.000
5-6 200.000 240.000
6-7 200.000 240.000

9l 2k afe dfe afe ke Altemate Intake e ek afe ek

Age Alternate (ug Pb/day)
S5-1  0.000
1-2  0.000
2-3  0.000
3-4 0.000
4-5 0.000
5-6 0.000
0.000

o
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. sk Maternal Contribution: Infant Mode] % k%

Maternal Blood Concentration: 2.500 ug Pb/dL

306 2j¢ df¢ af¢ ale ale 3k 3¢ 3f¢ aje 3k 3k 34¢ 3be ake afe afe ake dfc ik k¢ 3f¢ 3¢ afe dj¢ e v 3he 3¢ 3¢ af¢ 34 3f¢ 3f¢ af¢ ofe e 3k e e 3¢

CALCULATED BLOOD LEAD AND LEAD UPTAKES:

2k ale 3 ic e afe 24 afe ok aj¢ af¢ aje ok ake ok 3k e ke e ¢ 2f¢ af¢ 3¢ ¢ ake 2k afe afe afe e di¢ 2k afe 3f¢ afe afe afe afe e e ok

Year Air Diet Alternate Water
(ug/dL) (ug/day) (ug/day) (ug/day)
5-1 0.640 2.521 0.000 0.365
1-2 0.960 2.608 0.000 0.902
2-3 1.600 2.963 0.000 0.950
34 1.600 2.886 0.000 0.981
4-5 1.600 2.842 0.000 1.040
5-6 2.240 3.022 0.000 1.106
6-7 2.240 3.349 0.000 1.129
Year Soil+Dust Total Blood
(ug/day) (ug/day) (ug/dL)
5-1 5.162 8.688 4.7
. 1-2 8.113 12.583 52
2-3 8.210 13.723 5.0
3-4 8.318 13.785 4.8
4-5 6.298 11.780 4.1
5-6 5.714 12.081 3.7
6-7 5.417 12.135 35
@ 3
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ATTACHMENT B

DATA VALIDATION

STANDARD OPERATING PROCEDURES

The following SOPs were used by the Quality Assurance Technical Support Contractor for the

validation of analytical data:

SOP QATS-70-077-01
SOP QATS-70-078-01
SOP QATS-70-076-01
SOP QATS-70-075-01
SOP QATS-70-074-01

SOP QATS-70-073-02

SOP QATS-70-071-01

SOP QATS-70-072-01

SOP QATS-70-070-01

NYC-WTC_000146011

THE DATA VALIDATION OF TRANSMISSION ELECTRON
MICROSCOPY (TEM) DATA PACKAGES GENERATED
USING ASTM METHOD 5755-95 (Dec. 17, 2002)

THE DATA VALIDATION OF PHASE CONTRAST
MICROSCOPY (PCM) DATA PACKAGES GENERATED
USING NIOSH METHOD 7400 (Dec. 17, 2002)

THE DATA VALIDATION OF TRANSMISSION ELECTRON
MICROSCOPY (TEM) DATA PACKAGES GENERATED
USING EPA 40 CFR, PART 763, SUBPART E (Dec. 17, 2002)

THE DATA VALIDATION OF INORGANIC METALS DATA
PACKAGES GENERATED USING EPA METHOD 6010B AND
EPA METHOD 7471A (Dec. 17, 2002)

THE DATA VALIDATION OF HRGC/HRMS DATA
PACKAGES GENERATED USING EPA METHOD 8290 (Dec.
17, 2002)

VALIDATING SILICA DATA GENERATED BY METHOD
MSD 0700 X-RAY DIFFRACTION (XRD) (Dec. 17, 2002)

THE DATA VALIDATION OF TRANSMISSION ELECTRON
MICROSCOPY (TEM) DATA PACKAGES GENERATED
USING ASTM METHOD D 6480-99 (Dec. 17, 2002)

THE DATA VALIDATION OF POLYNUCLEAR AROMATIC
HYDROCARBON (PAH) WIPE SAMPLE DATA PACKAGES
GENERATED USING EPA METHOD 8270C (MODIFIED)
(Dec. 17, 2002)

THE DATA VALIDATION OF MAN-MADE VITREOUS
FIBERS/MMVF) DATA PACKAGES BY POLARIZED LIGHT
MICROSCOPY (PLM) AND SCANNING ELECTRON
MICROSCOPY (SEM) GENERATED USING MSD 0310
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ATTACHMENT E

Photographs of Sample Collection Activities
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Fe ~ Photo 2: Common Space Air Sampling Set up and Operation with coloeated.
- duplicate samples : . ; :
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ATTACHMENT F

National Institute of Standards & Technology - Certificate of
Analysis, Standard Reference Material 2581

Appendix 14.3: Procedure for the Preparation of Field Spiked
Wipe Samples of the Guidelines for the Evaluation and Control
of Lead-Based Paint Hazards in Housing.
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Zertificate 2581

http://patapsco.nist.gov/srmcatalog.../view_cert2gif.cfm?certificate=2581

—Technology Servnces

Standards and Tech

10f3

- National I ratiturte of Stardards & Technology
(Tertificate of Analysis
Standard Reference Material® 2581

Powdered Paint
Nominal 0.5 % Lead

This Standard Reference Material (SRM) is intended for use in the evaluation of methods and for the celibratian of
apparatus used to determine lead in paint. SRM 2581 is composed of peint collected from the intetior surfaces of
housing. A unit cansists of 35 g of powdered paint material, 99+ 9% of which pesses a 100 pm (No. 145) sieve. The
centified mass fraction of lead, given below, is based on measurements by isotope dilution inductively coupled
plasma mass spectrometry (D-ICPMS) with & minimum sample size of 100 mg. The certified value is reported ona
dry basis (see Instructions for Drying).

Certified Mass Fraction
Lead Contert: 0.449 % +0.011 %

The uncestainty inthe cettified valae is calculated as
U=lay,

where , is the combined standard uncertainty calculated according to the ISO Guide [1] end K is a coverage factor.

The value of i, is intended to represent at the level of one stendard deviation, the combined effect of uncertainty
components essociated with matetial inhomogeneity end ID-ICPMS meesurement uncertainty. In the shsence of
Type B uncertairties (which are negligible here in compatison with Type A), the expanded uncedtainty (U) given is
for a 95 % prediction irterval. The coverage factar, k= 2.57, is the Student's f-value for a 95 % prediction interval
with 5 degrees of freedom.

NOTICE AND WARNING TO USERS

Expiration of Certification: The cesification of this SRM lot is valid within the messurement uncestainties
specified until December 31, 2010, provided the SRM is handled and stored in accordance with the instructions
given in this certificate (lee Use). However, the certification will be mullified if the SRM is conteminated or
modified.

Stability: This material is considered to be steble. NIST will monitor this material end will report eny substential
changes in cestification to the purchaeser. Return of the attached registration card will facilitate ndtification.

Use: To relate analytical determinations to the certified velue on this Certificate of Analysis, & minimum sample
mass of 100 mg should be used and the sample should be dried according to the Instructions for Drying. Sample
preparetion procedures should also be designed to effect complete dissolution in order fo relste the determined value
io the cestified vehze. This SRM must be stored in en eair conditioned environmernt or similar cool and diy
environment away from sunlight end fumes.

The support espects volved in the prepardtion, cestificetion, end issuance of this SRM were coordinated through
the Stendard Reference Medterials Program by B.S. MacDonald.
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Zertificate 2581

20f3

http://patapsco.nist.gov/srmcatalog.../view_cert2gif.cfm?certificate=2581

The oversll direction end coordingtion of the technical measuremerts leading to certification of this SRM were
petformed by I R. DeVoe, P.A. Pelle, and RL. Watters, Jr. of the NIST Analyticel Chemistry Division.

Statistical consultation was provided by S.D. Leigh of the NIST Statisticel Enginsering Division.

Partial finencial support for the development of this SRV was provided by the U.S. Environmental Protection
Agency (EPA) under the direction of project mensgers S.L. Harper and ML.E, Beard of the EPA Office of Research
and Development, National Exposure Research Laboratory, Research Triangle Park, NC.

COLLECTION, PREPARATION, AND ANALYSIS

Collection: The paint material for this SRIM was collected primarily in Notth Carolina from various interior wall
surfaces of old housing which, for the most part, were painted prior to 1945. The material was collected under
the direction of the Research Triangle Institute and the U.S. Environmental Protection Agency. Collection of
paint by dry scraping end its initial evaluetion for use as SRM 2581 were performed by J.D. Neefus,
E.E. Williams, and D.B. Binstock, of the Research Triangle Institute, Research Triangle Park, NC, under the
leadership of W.F. Gutinecht.

Preparation: The largest pieces of debris and foreign material were first removed byhand. Next, the material was
coarsely chipped in a large-cepacity blender fitted with a steinless steel blade. The material was then further ground
in smell batches in a ball mill. Each batch was sieved end the fraction that did not pass e 100 pm (#145) sieve was
retumed for fusther grinding with a fresh charge of coarse paint meterial. All material of & size less than 100 pm
was combined and blended as a single batch before being bottled in 35 g units.

Analysis: Certification anelysis by ID-ICPMS was pesformed by ES. Beary and K.E. Murphy of the NIST
Analytical Chemistry Division. X-ray fluorescence homogeneity enalysis wes performed by A F. Merlow and
P.A: Pella end inductively coupled plasme-opticel emission spectrometric ICP-OES) analysis was performed by
LJ. Wood of the NIST Anelytical Chemistry Division.

The ICP-OES analysis deta given in Table | provide information on the concentrations of mejor constituents other
than lead in the material. These values listed are not cestified, but ere given only to provide additional information
onthe matrix.

Instructions for Drying: Samples of this SRM should be dried in an air atmosphere at 105 °C for 2h. At NIST,
loss on dnying according to this procedure wes shout 1 % relative by mass. However, under different conditions of
humidity, the mass loss could vary. In order for users to directly relate their enalyses o the cestified value, loss on
drying corrections should be measured and epplied at the time of the analysis.

Environmemnial Lead Proficiency Amalytical Testing Program Resulis: This meterial wes included es an
unknown in the Environmental Lead Proficiency Analyticel Testing Program (ELPAT) administered by the
American Industrial Hygiene Association (AIHA). Conventional dissolution methods employed by
patticipating laboratories include hotplate, microwave, and other techniques such es sealed bomb dissolutions
and leaching techniques. Instrumental determinations were petrformed using inductively coupled plasma mass
spectrometry (ICPMS), inductively coupled plasme-opticel emission spectrometry (JCP-OES), flame atomic
absorption. spectrometry (FAAS), graphite fumace atomic sbsorption spectrometry (OFAAS) end X-ray
fluorescence spectrometry (XRF). Information from this study is provided fo indicete the stete of the practice
for lead in peint measurements using such methods. A summary of the round robin lead results obteined from
ELPAT Reference Laboratories for SRM 2581 is presented in Table 2. The SRM 2581 is identified as round
robin 015, paint #3 in the ELPAT report.
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Certificate 2581 http://patapsco.nist.gov/srmcatalog../view_cert2gif.cfm?certificate=2581

. SUPPLEMENTAL INFORMATION
Table 1. Information Values for Major Canstituents of SRM 2581

Element Mass Frection (%)
Al 2
Ca 1
Fe 04
Mg 1
Ti 12
Zn 2

Table 2. Environmental Lead Proficiency Analytical Testing (ELPAT) Program
Summary Statistics of Reference Laboratories for Round Robin 015*

Sampls n | Meen Minimum | Moximum 6% |

Peint3 - %0 [047% 03®% | 0470% | 0030 |

i
H
1
i

“These Tesults are provided to demomstrate user experience with this materisl, They were not used in calcalating the certified value of SRM

2581.
b is ome standard deviatiom,

REFERENCE
. [1] Guide to the Expression of Uncertanty in Measirement, ISBN 92-67-10188-9, 1st Ed, ISO, Genevs,

Switzerland, (1993): See also Taylor, BN. end Kuyedtt, C.E, “Guidelines for Evaluating end Expressing the
Uncettairgy of NIST Meesurement Results,” NIST Technical Note 1297, U.S. Govemnment Printing Office,

Washingtan, D.C., (1994).
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Appendix 14.3: Procedure for the Prepara-
tion of Field Spiked Wipe Samples

There is currently no analytical grade wipe media suitable for wipe sampling in residences. A
variety of commercial media are being used instead (see Appendix 13.1). Because laboratory
accreditation programs do not currently provide spiked wipe samples using wipe sampling media
commonly used in the field, it is necessary to prepare spiked wipe samples using the specific
brand of wet wipes that will actually be used in order to determine if the laboratory digestion
procedure is capable of achieving recovery rates between 80 - 120% for the specific brand of
diaper wipe used in the field. Some reports indicate that recovery rates can be as low as 40%
using certain types of wipes.

These field spiked samples are in addition to those the laboratory prepares for its own internal
QA/QC program. The samples are not actually prepared in the field, but are manufactured under
laboratory conditions. They are then relabelled in the field and inserted into the sample stream
in a random and blind fashion. The spikes should be prepared using the same lot as that used
in the field, since recoveries can vary by lot. The lot should be analyzed before use to ensure
that there is not background contamination.

The following procedure may be used to prepare spiked wipe samples.

1.  Obtain a Standard Reference Material containing a certified concentration of lead, such as
NIST Standard 1579a (Powdered Lead-Based Paint) or Standard 1648 (Urban Particulate),
or a traceable secondary standard with a known amount of lead.

2.  Weigh out between 50 - 500 pg of lead (not total dust) to the nearest microgram.
3.  Don a new disposable glove to handle each new wipe sample.

4.  If tared weighing boats are used, quantitatively transfer all of the material from the boat
to the wipe by wiping the boat thoroughly.

5.  If glassine paper is used, be certain that the dust transfer was complete.

6. Do not let the wipe touch any other surface. Fold the wipe with the spiked side inward
and carefully insert it into a non-sterilized 50 ml centrifuge tube or other hard-shelled
container that is identical to the containers that will hold the field samples. The containers
holding the spiked samples should be indistinguishable from those holding the field
samples so that the analysis can be performed blindly. This means the same container or
tube should be used to hold field samples and wipe samples.

7.  Have the spiked sample inserted into the sample stream randomly, with at least one spiked
sample for each 50 field samples analyzed and one blank for each sample batch.

App 14.3-1
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