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The Honorable Andrew Wheeler

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460

Subject: Science Advisory Board (SAB) Scientific and Technical Review of EPA’s
Identification of Research Needs to Address the Environmental and Human Health
Impacts of COVID-19

Dear Administrator Wheeler,

The EPA’s Office of Research and Development (ORD) requested that the Science Advisory
Board (SAB) review the document entitled, “EPA’s Identification of Research Needs to
Address the Environmental and Human Health Impacts of COVID-19.” The SAB’s review and
recommendations are provided in the enclosed report.

In response to the EPA’s request, the SAB assembled the SAB COVID-19 Review Panel with
subject matter experts to provide rapid advice on opportunities for current and future EPA
research activities that might enhance and inform EPA’s current and any future responses to
SARS-CoV-2. The SAB COVID-19 Review Panel met by teleconference on April 30, 2020, to
deliberate on the charge questions. Written public comments were considered throughout the
advisory process. This report conveys the consensus advice of the SAB.

Overall, the SAB commends the Agency on its development of a compendium summarizing

current understanding and capabilities related to SARS-CoV-2. The SAB largely agrees with
the current and future EPA research ideas and includes several recommendations within this

report, including the following highlights.

Paramount to EPA’s research efforts is the identification of an infectious dose of SARS-CoV-
2. Although the SAB acknowledges that this may fall outside the EPA’s purview, the
identification of an infectious dose and proper sampling and analysis techniques are pivotal to
EPA’s research objectives and the SAB’s recommendations. Also, the development of
techniques to sample and analyze virus viability on various matrixes and settings should be an
Agency priority. The SAB’s additional research recommendations include: the formulation of



a conceptual model; the characterization of the long-term disinfection properties of various
agents (e.g., nano-silver or nano-copper products); the characterization of the environmental
persistence of the viable virus in air, water, and on surfaces (e.g., aerosols, particulate matter,
surface/wastewaters, plastics, metals, fabrics, among others); the investigation of factors to
reduce virus viability in indoor and outdoor environments (e.g., heat, humidity,
ultraviolet/sunlight, among others); the mitigation of indoor aerosol exposure (e.g., air
exchanges, filtration, stand-alone air cleaners); the characterization of personal protective
equipment effectiveness, disinfection, and re-use; and any potential health effects from
increased use of disinfectants. Based on our present understanding of SARS-CoV-2, the SAB
suggests that the EPA prioritize efforts on: 1) characterization and mitigation of risks from
aerosolized droplets from infectious people, and 2) characterization, mitigation, and
communication of risks from increased disinfectant use.

The SAB encourages that the EPA take these recommendations, if they fall under the EPA’s
purview, into consideration as the Agency finalizes its research plan. We also encourage the
EPA to seek partnerships with other research organizations, as appropriate, to address these
research questions effectively, efficiently, and to avoid unnecessary duplication of efforts. The
SAB appreciates this opportunity to review EPA’s Identification of Research Needs to Address
the Environmental and Human Health Impacts of COVID-19.

Sincerely,
/s/
Dr. Michael Honeycutt, Chair

Science Advisory Board

Enclosure



NOTICE

This report has been written as part of the activities of the EPA Science Advisory Board, a public
advisory committee providing extramural scientific information and advice to the Administrator and
other officials of the Environmental Protection Agency. The Board is structured to provide balanced,
expert assessment of scientific matters related to problems facing the Agency. This report has not been
reviewed for approval by the Agency and, hence, the contents of this report do not represent the views
and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of
the Federal government, nor does mention of trade names or commercial products constitute a
recommendation for use. Reports of the EPA Science Advisory Board are posted on the EPA website at:
http://www.epa.gov/sab.
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1. INTRODUCTION

The U.S. Environmental Protection Agency (EPA) Office of Research and Development (ORD)
requested that the Science Advisory Board (SAB) review EPA’s Identification of Research Needs to
Address the Environmental and Human Health Impacts of COVID-19. The EPA has a role to help the
Nation respond to disasters and emergencies, including threats from biological origins, to ensure the
protection of human health and the environment. The EPA’s ORD assessed its research portfolio and has
identified research areas where there are opportunities to advance the Agency’s capabilities to refine and
improve on the current understanding of SARS-CoV-2.

In response to this request, the SAB Staff Office convened a panel of experts drawn from the Chartered
SAB, the SAB Chemical Assessment Advisory Committee (CAAC), and the SAB Drinking Water
Committee (DWC) to provide rapid advice on scientific and technical issues related to the COVID-19
pandemic. The COVID-19 Review Panel, formed under the auspices of the SAB, consists of subject
matter experts selected to provide advice on opportunities for current and future EPA research activities
that might enhance and inform EPA’s current and any future responses to SARS-CoV-2. Dr. Michael
Honeycutt was asked to be the Chair of the COVID-19 Review Panel. Sixteen other distinguished
scientists accompanied Dr. Honeycutt for this review which began with a teleconference on April 30,
2020.

The SAB anticipates that the scope and scale of the COVID-19 pandemic will lead EPA Program
Offices to request additional advice on an array of scientific and technical issues. The SAB thinks that
rapid advice from nationally recognized scientists and public health experts will assist the Agency in
developing and implementing timely and scientifically appropriate responses to the COVID-19
pandemic.

The COVID-19 Review Panel was given a compendium summarizing current understanding and
capabilities related to SARS-CoV-2. The document identified short-term and long-term research needs
that could build on and extend EPA’s understanding of SARS-CoV-2 in different research categories
along with a list of four charge questions all of which may be found posted on the SAB website (U.S.
EPA SAB, 2020). Written public comments were considered throughout the advisory process.

The remainder of this report is organized by charge questions within each research category. Each
section includes a summary followed by the SAB’s responses and recommendations. All materials
related to the public teleconference and this report are available at:
https://yosemite.epa.gov/sab/sabproduct.nst//MeetingCalBOARD/AFBB297A2E1C38258525854C005
AD300?0OpenDocument.
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2. RESPONSE TO CHARGE QUESTIONS

2.1. Environmental Disinfection

The SAB addressed each charge question. We also provide specific recommendations in the
corresponding sections below. The SAB also notes that there are additional research questions important
for the EPA to address. These suggested questions are included in the responses to the charge questions.

2.1.1. Charge Question 1

Within each research category, please discuss whether there is sufficient clarity to indicate how
addressing a research question might inform Agency activities related to the SARS-CoV-2

pandemic? Specifically,

a. Which research questions within a category are particularly suited to EPA’s mission and will
have the most impact on EPA’s role in responding to the SARS-CoV-2 pandemic?

b. Are there research questions that could more effectively be addressed by another Federal
partner, the private sector, academia or some combination?

All short-term and long-term research questions provided by EPA for this research category are clearly
described and well-suited to EPA’s mission and capabilities. The EPA is already the lead federal agency
on disinfection approaches and has well-developed protocols to address these questions. The research
questions listed are potentially impactful in responding to the SARS-CoV-2 pandemic.

The public and other partners would benefit from EPA’s experience with decontamination issues. The
consumer application of the research could benefit from collaborating with the Consumer Product Safety
Commission (https://www.cpsc.gov/). Given the urgency of some of the research areas, we recommend
that the EPA consider engaging additional research partners (private sector, academia).

2.1.2. Charge Question 2

Within each research category, please identify if there are other research questions that have not
been identified by the Agency, that have the potential to refine or improve our understanding and
further support its role with respect to the pandemic.

The SAB has several recommendations with respect to other research questions that should be
considered by the EPA. The research questions are listed in Section 2.1.4.

2.1.3. Charge Question 3

Within a research category, EPA roughly identified what research could be accomplished in the
short-term, and what would be longer-term efforts. Within each research category, are there other
considerations that might impact prioritization? How might research be prioritized across the
landscape of research categories that have been identified?


https://www.cpsc.gov/

Short-Term

The SAB has several recommendations and provides areas for consideration with respect to EPA’s
short-term environmental disinfection research questions and efforts.

* Can basic cleaning techniques (e.g., using soap/water) be effective for disinfecting surfaces to
reduce environmental exposure to SARS-CoV-2?

This is an important question, as prior work has found that surgical scrub (containing iodine) was more
effective for virus inactivation than just antimicrobial soap. The SAB acknowledges that there are
questions on exactly which types of cleaning techniques result in SARS-CoV-2 inactivation and this is
an area that requires further research.

» How effective are devices such as ultraviolet (UV), ozone generators or steam devices at
reducing or eliminating exposure to SARS-CoV-2 from surfaces or objects?

There are ample studies showing that UV, ozone, and heat (steam) are effective for virus inactivation at
well-described doses (e.g., temperatures). The SAB finds that this question is a low research priority.
Although compatibility with surface materials could be an issue with these technologies, which is a
concern for almost all disinfectants, the SAB recommends that the EPA compile available information
on the disinfection properties of UV, ozone, and heat (steam) into a rapid communication for the public.

» What available disinfection methods can be effective for complex and difficult to disinfect
areas/surfaces (such as porous materials, soft surfaces, and heating, ventilation and air
conditioning (HVAC) units)? What are alternative disinfection methods, if such methods are
not readily available or efficacious for an area?

Over 400 products are already available on EPA List N - Disinfectants for Use Against SARS-CoV-2.
This list reflects products available to address disinfection on hard surfaces, porous surfaces, and to
deliver the products as liquids, fogs, mists, vapors, or gases. Therefore, a high priority for EPA is to
focus on complex and difficult to disinfect areas/surfaces and to develop methods to demonstrate
prolonged disinfection. The SAB recommends research on nano-silver or nano-copper disinfectants or
other modifications for fabric and high-contact surfaces. The research could involve the use of surface
analytical techniques (e.g. X-Ray Photoelectron Spectroscopy or Secondary lon Mass Spectrometry) to
determine the surface composition of the materials treated or infused with nanoparticles to understand
the effectiveness of the anti-viral activity (Montes, 2017). Further, release profiles of nanoparticles
should be researched to characterize the fate and transport of the nanoparticles in the environment
(Kwok, 2016; Montes, 2017). Similarly, titanium dioxide-coated-photocatalytic surfaces (e.g., glass)
have potential to address disinfection. This work could have great impact against SARS-CoV-2 and
should be given high priority. The SAB also suggests that the EPA conduct studies on hard surfaces
(e.g., different types of plastic) and encourages the Agency to include studies that address normal wear
and fouling. The accumulation of organic matter and debris in scratches and abrasions on hard surfaces
can create environments that can shield viruses from effective contact with the disinfectant.

Thermal disinfection at moderate temperatures has been demonstrated to be highly effective for
coronavirus and have potential merit for disinfection of complex areas and surfaces. The rapid
development of guidelines and methods to assess disinfection and the impact on surface materials also
merits attention (Gallandat, 2017).



» What are readily available alternative disinfectants (not currently on EPA List N) for large-
scale or special situation use and by what methods can these disinfectants be applied effectively?

The SAB found no products using nano-silver, nano-copper or other modifications on the EPA List N.
These products and/or similar products may have particular benefit as long lasting disinfectants. The
SAB notes that the effectiveness of surface coatings impregnated with antimicrobials or other
antimicrobial surfaces (e.g., silver, copper) could also have high potential in reducing or eliminating
exposure to SARS-CoV-2. The SAB regards the evaluation of these products’ effectiveness, when used
alone or in combination, as a high priority area to investigate. Advanced techniques for surface analysis
and determination of metal fate and transport should be considered. Thermal disinfection techniques and
guidance development also warrant investigation.

* Do methods of application of List N products via fogging and/or electrostatic spraying provide
the necessary contact time on surfaces to be efficacious against SARS-CoV-2?

The EPA has protocols for application methods of disinfectants. The SAB notes that manufacturers may
be able to use EPA protocols and/or their own protocols to demonstrate disinfection efficacy. The SAB
notes that fogging and/or electrostatic spraying are two inherently different methods of application.
Electrostatic spraying is a relatively new area of application and the Agency should work with
manufacturers to address it.

» How effective are products that claim to offer residual/long-term (e.g., hours to months) ability
to reduce potential exposure risk to SARS-CoV-2?

The SAB considers this is a high impact/priority question that the EPA should devote major efforts
towards. The ability to demonstrate prolonged virus inactivation would be a significant development for
SARS-CoV-2 management. Studies of isopropyl alcohol/organofunctional silane solution (IOS) have
shown benefits for bacterial control, but virus inactivation data are sparse. Nano-silver and nano-copper
products should be investigated to determine their capacity to reduce potential exposure risk to SARS-
CoV-2.

» What disinfection methods (including using List N products) are suitable for residential and
business-owner conducted disinfection?

Many disinfectants and cleaners are targeted towards residential and commercial business applications.
As EPA mentioned, the stringency of the registration process provides a high degree of confidence in
the effectiveness of these products when used according to the product label
(https://www.epa.gov/pesticide-registration/efficacy-requirements-antimicrobial-pesticides). Therefore,
the SAB regards this question as a low research priority. The SAB recommends that the EPA promote
labeling that conveys adequate and understandable instructions and precautions, including but not
limited to, labeling instructions available in multiple languages (see also Section 2.1.4).

» How susceptible to disinfectants are each of the human coronavirus isolates used for
antimicrobial product registration, SARS-CoV and SARS-CoV-2? This comparative research
may lead to the use of a safer-to-handle surrogate virus for future regulatory and research
purposes, thus facilitating additional product and technology development.


https://www.epa.gov/pesticide-registration/efficacy-requirements-antimicrobial-pesticides

Examining various strains of SARS-CoV and SARS-CoV-2 and other coronaviruses could yield
interesting variations in resistance. However, differences impacting the selection of a disinfectant dose
are less likely. To date, studies of disinfectants on MERS, SARS-CoV, and SARS-CoV-2 have found
high efficacy without any evidence of resistant strains. While this line of research is interesting in that it
will help with the basic understanding of disinfection for these viruses, it is more likely a long-term than
a short-term need.

Long-Term

The SAB has several recommendations and provides areas for consideration with respect to EPA’s long-
term environmental disinfection research questions and efforts.

* Are there situations where environmental disinfection of surfaces or objects may not be
effective to reduce or eliminate potential exposure to SARS-CoV-2?

Disinfection efficacy can be influenced by the presence of organic matter, dirt, biofilm, and other debris
that can block the action of the disinfectant. In these cases, evidence is clear that cleaning of the surface,
followed by disinfection is effective. The SAB recommends that the EPA investigate conditions that
prompt the use of multiple procedures to result in SARS-CoV-2 inactivation.

* In situations where the frequency of recontamination is high, how often is disinfection needed
to effectively reduce or eliminate potential exposure to SARS-CoV-2?

This question is based on the frequency of recontamination, rather than the efficacy of disinfection. This
question is more appropriate for long-term disinfectants and factors that impair the long-term efficacy.

» [f SARS-CoV-2 is airborne and continues to settle onto surfaces (e.g., after surface

disinfection), does disinfection of surfaces alone effectively reduce potential exposure to
SARS-CoV-2?

This question is focused on understanding the route of infection (i.e., aerosols versus exposure contact),
rather than how to disinfect the virus. The SAB recommends removing this question from this list and
consider it under the Environmental Exposure research category. It is more relevant when multiple
avenues of disinfection (e.g., air, surfaces, hands, etc.) are considered to minimize risk.

» How effective are surface coatings impregnated with antimicrobials or other antimicrobial
surfaces (e.g. copper) in reducing or eliminating exposure to SARS-CoV-2 and how should
disinfectants be used in combination with these treated surfaces?

This is an important research question. The SAB recommends this question to be addressed as a short-
term research objective (see specific recommendations outlined above). Examination of nano-silver,
nano-coppet, or other modifications is highly recommended. Isopropyl alcohol/organofunctional silane
solution (I0S) have shown benefits for bacterial control, but virus inactivation data are sparse. The use
of combinations of disinfectants and cleaning procedures is also recommended. Research into the fate
and transport of the nanoparticles in the environment is also recommended, as noted above (Kwok,
2016; Montes, 2017).



2.14. Charge Question 4

Are there any other important categories of research, focused on the Agency’s role in responding
to the SARS-CoV-2 pandemic, that are not captured in the existing table? If so, please discuss the
current state of knowledge in the research category and identify what research would be relevant
and inform EPA’s efforts. Please provide some sense of prioritization and whether the effort is a
short-or-long term research effort.

The research questions posed by EPA largely focus on specific disinfectants, surfaces, or delivery
methods. The SAB recommends that the EPA consider a more holistic approach to SARS-CoV-2
disinfection based on a systems level. The SAB has a few questions about parameters and input data that
could be strengthened going forward.

» What guidance can EPA provide for disinfection at a building level (surfaces or vacant rooms),
for vehicles, or public transportation (e.g., cars, subways, trains, busses, airplanes, etc.)? Could
overnight, moderate-temperature thermal disinfection provide effective disinfection for
businesses and public settings? The SAB recommends that the EPA partner with other federal
agencies in the development of cleaning guidance as related to the Agency’s role (e.g.,
Guidance on Cleaning and Disinfection for Non-emergency Transport Vehicles) (NCIRD,
2020).

* Could UV disinfection within HVAC systems (along with high-efficiency particulate air
(HEPA) or electrostatic filters, in vacant rooms or at night) be effective systems control?

The safety of disinfection methods and products, particularly when used in combinations or when
deployed as fogs, mists, vapors, or gases needs to be more fully understood. Specific examples include
the risks related to re-volatilization after application, and risks related to childcare settings where oral
exposure to disinfectant residuals is highly possible. The formation of disinfectant by-products could
pose a potential hazard to the public and both for dermal and inhalation exposures, and hence should be
considered.



2.2. Environmental Sample Collection Methods

The SAB acknowledges that the research questions in this category assume that the transmission of
SARS-CoV-2 is predominantly from emitted droplets from infected persons to surfaces for pickup and
transfer to others, rather than infection via direct inhalation of expelled aerosol from infected subjects.
The SAB provides a discussion about why direct infection via inhalation of expelled aerosol from
infected subjects is likely to be a significant pathway of disease transmission for this virus (see Section
2.5). Acknowledging that the inhalation of expelled aerosol is a significant route of exposure and
infection, opens a new series of methodical questions for environmental sample collection.
Environmental sample collection of respirable aerosols should fit directly into this category and should
be investigated as a potential pathway.

The SAB notes that there are additional research questions important for the EPA to address. These
suggested research questions are included in the responses below to the specific charge questions. We
also provide specific recommendations in corresponding sections below.

2.2.1. Charge Question 1

Within each research category, please discuss whether there is sufficient clarity to indicate how
addressing a research question might inform Agency activities related to the SARS-CoV-2
pandemic? Specifically,

a. Which research questions within a category are particularly suited to EPA’s mission and will
have the most impact on EPA’s role in responding to the SARS-CoV-2 pandemic?

b. Are there research questions that could more effectively be addressed by another Federal
partner, the private sector, academia or some combination?

The SAB finds that all research questions for this research category are clearly described and are well-
suited to EPA’s mission. The SAB notes that this research category is inextricably linked to the various
research categories, including Environmental Sample Analysis (Section 2.3) and Environmental
Exposures (Section 2.5), and encourages the EPA to regard the comments provided in this research
category when considering those comments. The ability to accurately collect and process samples is
critical to assess both risk of infection and mitigation efforts to manage the SARS-CoV-2 pandemic. The
research questions related to environmental collection and monitoring are central to EPA’s current
activities. The SAB acknowledges that the Agency has deep expertise in these areas.

The SAB notes that the U.S. Geological Service (USGS) also has deep expertise in some of these areas
and could be consulted to establish collaborations. Recently, the National Academy of Science (NAS)
provided expert consultation on a variety of topics related to COVID-19 (NAS, 2020). The SAB
suggests that the EPA work with other research partners to identify key research issues where
collaboration is appropriate to leverage resources and expertise. Additional comments aimed at
improving the clarity of specific research questions are given below.



2.2.2. Charge Question 2

Within each research category, please identify if there are other research questions that have not
been identified by the Agency, that have the potential to refine or improve our understanding and
further support its role with respect to the pandemic.

Environmental Sample Collection of Inhalable Aerosols

As mentioned above, acknowledging that the inhalation of expelled aerosol is a significant route of
exposure and infection opens a new series of methodical questions related to environmental sample
collection. The collection of inhalable and respirable aerosols should fit directly into this category. For
example, the National Institute for Occupational Safety and Health (NIOSH) has developed a
methodology to detect infectious airborne influenza virus using the NIOSH bioaerosol sampler (Cao,
2011). Other samplers that collect bioaerosols may be reasonable choices (e.g., SKC BioSampler).
Furthermore, a recent article presents a photographic/imaging technique from Japan that allows for a
direct spatial visualization of person-emitted aerosol in the critical size range of 0.1 to 100 microns
aerodynamic diameter (Broom, 2020). This technique could be used to evaluate the risk of exposure to
potentially virus laden aerosol droplets in various indoor and outdoor environments.

Statistical sampling strategies (e.g., numbers, locations, frequency) are typically driven by the distance
between the exposure that is measured or measurable versus a benchmark for “allowable” exposure. If
there is a large separation or distance between these two values, then there is no need for a highly
precise measurement of exposure. The number of samples required is also relatively small and the
natural variation or error in the method can be relatively large. Non-detect values (i.e., values below the
limits of detection) can be used if the limits of detection are low enough, relative to the benchmark for
allowable exposure. A well-defined exposure limit or a reasonably defined distribution of effects over a
range of exposures could render a reasonable exposure assessment (Jahn, 2015). A data point selected
from that distribution can then be used to set a deterministic exposure limit (e.g., the 5" percentile). The
SAB notes that if the available sampling equipment/resources are not showing a prescribed level of
conformance relevant to the selected exposure limit, then this is an area that needs to be researched.

Short-Term

The SAB has several recommendations and provides areas for consideration with respect to EPA’s
short-term environmental sample collection methods research questions and efforts.

» Under what situations does environmental contamination need to be assessed (e.g., when is it
useful to enhance or enable decision-making)?

The need for environmental contamination assessments will be driven by the circumstances. Currently,
there is a clear need to monitor high traffic areas (e.g., subways, buses, airplanes, office buildings, etc.)
with the purpose of assessing and ultimately reducing exposure. See Sections 2.6 and 2.7 for additional
recommendations.

» What methods (e.g., swabs, wipes, material types) are most appropriate for surface sample
collection of SARS-CoV-2?



A variety of sampling techniques will be needed, including swabs, wipes, grab and composite sampling
for a variety of environmental media (e.g., air, water, among others). The methods used for surface
sample collection of SARS-CoV-2 should provide sufficient sensitivity for risk assessments. The EPA
should focus research efforts on sampling techniques that inform at levels relevant for public health,
which will be dependent on concurrent emerging research on the identification of an infectious dose and
understanding how this dose may be different according to different populations of individuals.

» What are the detection limits and sample collection efficiencies specifically for SARS-CoV-2
for various environmental sample collection methods?

This is a key, high priority, research question. The SAB notes that the EPA can provide input on
sampling techniques, analytical methods and their sensitivity. Evaluating sample collection methodology
and protocols should be part of any environmental sampling program. The EPA is in a strong position to
establish protocols that could be used by different agencies throughout the country. Conducting the
sampling using standardized methods will allow the data from each agency to be pooled confidently for
informing public policy. Lastly, the EPA should replace “surface sample collection methods” with
“environmental sample collection methods” in this research question to be more consistent with the
previous question. As mentioned above, other media such as “air” or “water” are addressed later in this
document.

* What environmental sampling strategy(ies) (including number of samples, sample locations,
frequency of sampling, and timing of sampling) will provide the most effective
characterization of the presence/absence of SARS-CoV-2 on both non-porous and porous
surfaces?

The SAB notes that many of the issues in the charge question can be answered using a publication
developed by the EPA, entitled: “Biological Field and Laboratory Methods” (U.S. EPA, 1973). While
this EPA publication could be updated, many of the statistical approaches to address the charge question
remain relevant today. More recent references (Gilbert, 1987; Keith, 1996) could be consulted to update
or modify statistical methods outline in the EPA publication, as needed.

Monitoring programs conducted by the USGS related to storm events can be used as models to address
issues such as sample locations, frequency and timing of sampling (USGS, 2001; USGS 2009). As
pandemic events are considered “episodic” like storm events, routine environmental sampling
approaches (e.g., annual, semi-annual, or quarterly sampling) are not likely to provide the same degree
of information. The work conducted on storm sampling by the USGS illustrates that environmental
sampling needs to be based on the duration of the event to capture episodic situations. The SAB notes
that there should be a robust basis for making these sampling determinations as they are highly
dependent on other research questions being answered first. The SAB thinks that EPA’s guidance and
expertise would prove valuable in this research category to ensure that proper sampling designs are
considered.

2.2.3. Charge Question 3

Within a research category, EPA roughly identified what research