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EXECUTIVE SUMMARY 
 
There is currently a lack of measurable evidence regarding the exposure risk of the SARS-CoV-
2 virus on public transportation as well as what actions can be taken to effectively reduce its 
spread.  In order to collect this evidence, the Department of Homeland Security’s Science & 
Technology (DHS S&T) Directorate proposes to release and measure safe simulant materials 
designed to mimic the spreading of the SARS-CoV-2 virus in respiratory secretions (e.g., 
droplets and aerosolized particles) in mass transit environments (e.g., subway car or bus).  The 
ultimate goal of these tests is to provide transit authorities with actionable evidence to ensure 
passenger and worker health and safety.  The tests and measurements would also aid in 
modeling the spread of the SARS-CoV-2 virus within mass transit environments, as well as 
describe the effectiveness of mitigation methods.  
 
This Environmental Assessment (EA) documents the analysis of potential effects on the 
environment resulting from the Proposed Action.  This EA is being coordinated with stakeholders 
and the public for information and comment, in accordance with the National Environmental 
Policy Act (NEPA) of 1969 as outlined in 40 CFR Parts 1500-1508 and DHS Directive 023-01, 
Rev. 01 and DHS Instruction Manual 023-01-001-01, Rev.01, implementing NEPA.  Recent 
changes to the Council on Environmental Quality (CEQ)_ regulations implementing NEPA (40 
CFR Parts 1500-1508) became effective on September 14, 2020.  As stated in 40 CFR Part 
1506.13, the new regulatory changes apply to any NEPA process begun after September 14, 
2020.  This EA substantively commenced prior to that date; therefore, this EA conforms to the 
CEQ NEPA implementing regulations that were in place prior to September 14, 2020. 
 
The Proposed Action is planned to occur on a yet to be scheduled date between January and 
March 2021, and would be conducted in areas in which passengers and the public are not 
present.  Tests involve the release of a liquid/particulate aerosol simulant and would provide 
highly specific and/or real-time results.  There would be up to four simulant releases per day 
over an approximately 7-day window at several different discrete mass transit sites.  Releases 
would be conducted either as a short burst release (i.e., to mimic a cough or sneeze), or 
dispersed over approximately one minute (i.e., to mimic normal breathing).  At least two enclosed 
mass transit environments (e.g., a subway car or bus) would be evaluated.  The preferred 
liquid/particulate alternative (P1) was considered in this EA.  Alternative P1 consists of 
aerosolized water containing salt, glycerol, and/or Optical Brightener (OB) 220 as well as sub-
micron amorphous silica particles coated with non-coding deoxyribonucleic acid (DNA) oligos 
(Silica-DNA).  Alternative P1 meets the purpose and need of the Proposed Action and was 
selected based on the safety of the materials, the ease of material production and prior 
experience with similar materials.  The No Action Alternative (P2) would not result in testing and 
measuring the simulated spread of SARS-CoV-2 in mass transit environments or identify 
potential mitigation measures and therefore does not meet the purpose and need of the 
Proposed Action. 
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The simulant materials will be aerosolized in droplet sizes that are respirable. As a result, existing 
airborne exposure limits were considered regarding the usage of Alternative P1 (Silica-DNA).  
The Occupational Safety and Health Administration (OSHA) and the American Conference of 
Governmental Industrial Hygienists (ACGIH) have both established 8-hour exposure limits for 
workers in occupational settings for a range of materials.  Guidelines set by the Environmental 
Protection Agency (EPA) have also been established to protect public health, including the 
health of sensitive immune-compromised populations.  There would be no anticipated adverse 
effects to the public from any of the simulant materials being released since the materials at 
testing levels are safe and testing sites are not accessible to the public.  No appreciable risk to 
passengers, residents of New York City (NYC) or the greater regional area, tourists, transit 
workers, or field test personnel would occur.  The Proposed Action and preferred Alternative are 
shown to be well within all established exposure limits set by OSHA and the EPA, including 
those exposure limits developed to protect public health, including that of health-compromised 
sensitive populations. 
 
Due to the selection of preferred test materials, the limited quantity of materials to be released, 
the confined nature of the test environment, which would not be accessible during testing to the 
public, and the temporary nature of the Proposed Action, no effects are anticipated on noise, 
hazardous materials, water resources, vegetation, or land use and infrastructure.  Negligible 
effects are anticipated on biological resources, cultural resources and historic properties, 
environmental justice communities, and air quality.  A beneficial impact on public health and 
safety is anticipated as the results of the Proposed Action would increase the understanding of 
how the SARS-CoV-2 virus spreads.  There would be no anticipated cumulative effects as a 
result of the Proposed Action, or Preferred Alternative, when considered in context with other 
recent past, present and reasonably foreseeable future actions. 
 
DHS S&T will post this EA with an email address for the public to comment over a 30-day period 
in the fall of 2020.  Public input submitted will be discussed and considered with respect to 
conclusions of the EA. 
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Section 1.  Purpose and Need of the Proposed Action 
 
Since the beginning of the SARS-CoV-2 virus (i.e., COVID-19, Coronavirus Disease 2019) 
pandemic, there has been a clear need to understand the exposure risk of the virus on public 
transportation as well as what mitigation actions can be taken to effectively reduce spread.  A 
significant amount of research is underway to understand how the virus spreads and infection 
rates within enclosed environments, but there have been conflicting articles in the popular press 
and scientific literature regarding the safety of public transport.1,2,3,4,5 While there have been 
modeling efforts to measure the risk of exposure in mass transit environments such as planes 
and buses as well as retrospective epidemiological studies, there is limited quantitative data to 
support these studies.  Measured data of how a safe simulant of the virus spreads in such 
environments, as well as how mitigation factors reduce the spread, will help provide transit 
authorities with measurable, actionable evidence to ensure the safety of their ridership and 
employees. 

DHS S&T proposes to test and measure the spread of a safe simulant that mimics the SARS-
CoV-2 virus in mass transit environments.  This test is being conducted in partnership with the 
New York City Metropolitan Transportation Authority (NYC MTA).  The testing consists of 
dispersing a viral simulant in a manner that mimics a human breathing normally or coughing or 
sneezing.  These trials would take place on at least two mass transit vehicles, including a bus 
and subway car.  The test environments would not be accessible to the public during testing.  
For each location, different mitigation factors would be investigated, including window operation, 
door operation, modifying heating, ventilation and air conditioning (HVAC) settings, modifying 
air filter types, and wearing masks.  The air and surfaces inside the environments would be 
investigated to determine simulant concentration and droplet/particle sizes.  Filters from HVAC 
systems would be retrieved and analyzed as well.  Samples would be collected from study 
personnel (for example, cloth coupons, personal air sampler filters, skin wipes, nose filters, face 
masks) to illustrate exposure levels to people in the environment.  Final dates and test scope 
are still being finalized and the study is projected to take place over approximately 7 days 
between December 2020 and March 2021.
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Section 2.  Test Alternatives to Meet the Purpose and Need  
 
This section discusses the range of reasonable alternatives to meet the purpose and need of 
the Proposed Action.  The analysis of the alternatives is in accordance with the National 
Environmental Policy Act (NEPA) of 1969 as outlined in 40 CFR (Code of Federal Regulations) 
Parts 1500-1508 and DHS Directive 023-01, Rev.  01 and DHS Instruction Manual 023-01-001-
01, Rev.01, implementing NEPA.  Recent changes to the Council on Environmental Quality 
(CEQ) regulations implementing NEPA (40 CFR Parts 1500-1508) became effective on 
September 14, 2020.  As stated in 40 CFR Part 1506.13, the new regulatory changes apply to 
any NEPA process begun after September 14, 2020.  This EA substantively commenced prior 
to that date; therefore, this EA conforms to the CEQ NEPA implementing regulations that were 
in place prior to September 14, 2020. 
 

2.1 Simulant Testing Location and Liquid/Particulate Simulant (Preferred 
Alternative)  
 
The Proposed Action would require both a location to perform testing as well as the use of a 
particulate to simulate SARS-CoV-2.  The Action Alternative includes these two components 
and is further discussed below.   

2.1.1 Testing Location 
 
Testing is planned in prioritized MTA buses and/or subway cars in order to understand viral 
exposure risks in public transit.  Specific simulant release locations would be selected based on 
discussions with MTA to fulfill the key goals of the Proposed Action.  Proposed test sites include 
MTA buses (potentially several different models) and subway cars.  The bus(es) or subway 
car(s) being tested would not be used for customer service during testing and would be operated 
in an area determined by MTA that is not accessible to the public. Limited personnel supporting 
the test will be present on the bus or subway car during testing and would thus come into contact 
with the released materials. Depending on the specific mitigation being tested, the vehicles may 
be stationary or in motion. For example, testing the efficacy of a particular filter type at removing 
particulates from the air may not require the vehicle to be moving, but testing the efficacy of 
opening windows would require vehicle motion to generate air flow. The specific route to be 
driven by the vehicles during testing will be determined in coordination with MTA to ensure that 
the vehicle is not accessible to the public.  
 
In cases where testing is specifically evaluating the effectiveness of door or window opening on 
reducing particle concentrations, there is a small potential for simulant material to disperse from 
the test vehicle to the environment. However, as discussed below, the simulant release amounts 
would be very low and are well within existing exposure limit guidelines, even within the enclosed 
test environment. Rapid reduction in concentration would be expected outdoors, resulting in 
minimal to no exposure risk to anyone in the near vicinity of the test. 
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Testing is planned to occur in NYC on a yet to be to be scheduled date between December 2020 
and March 2021.  As shown in TABLE 1, there would be up to four simulant releases per day 
over an approximately 7-day window at several different discrete mass transit sites.  At least two 
enclosed mass transit environments (e.g., a subway car or bus) would be evaluated.  For each 
test environment, one day would be dedicated to set up sensors and other test equipment.  On 
testing days, each day would begin by collecting baseline aerosol and surface particle 
measurements of the environment.  The four consecutive release events (separated by 
approximately 2 hours) would include the dissemination of a simulant with an output speed and 
release duration that mimics, for example, a person breathing, coughing, or sneezing.  The 
simulant would consist of sub-micron particles (i.e., amorphous silica (P1)) associated with short, 
non-coding DNA barcodes, suspended in a solution with similar thickness and salinity as 
respiratory secretions.  The liquid may contain a fluorescent dye.  The simulant would be 
released in several defined droplet size distributions: for example small droplets ~5 µm and large 
droplets ~40-50 µm.  For each trial, the simulant particles would be tagged with unique barcodes 
that discriminate between small and large droplets.  Additionally, different release events will 
also consist of unique barcodes, enabling further discrimination by test. 
 
In general, the quantities of simulant materials being released would be very small.  Likely 
quantities of liquid and particulates to be used in each release event are described in TABLE 2.  
Each release event would involve several hundred microliters (µl) of liquid, with aerosolized 
droplets representing both small and large size distributions and containing between 10-1000 
simulant particles per droplet.  Each release event corresponds to a total release mass of 285 
micrograms (µg) of amorphous silica particles.  The simulant release quantities are discussed 
in more detail in the following sections. 

TABLE 1.  Proposed Test Schedule for Simulant Releases 

Location 1  
for example: bus 

Location 2 
for example: subway car 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Equipment 
setup 

Release* Release Release 

Equipment 
setup 

Release Release 

Release + 
Mitigation** 

Release + 
Mitigation 

Release + 
Mitigation 

Release + 
Mitigation 

Release + 
Mitigation 

Release + 
Mitigation 

Release + 
Mitigation 

Release + 
Mitigation 

Release + 
Mitigation 

Release + 
Mitigation 

Release + 
Mitigation 

Release + 
Mitigation 

Release + 
Mitigation 

Release + 
Mitigation 

Release + 
Mitigation 

 
* Simulant release method would be dispersed to mimic normal breathing, talking, coughing, singing or sneezing. 

** Mitigation methods may include open windows, increased time or frequency of door opening, altered HVAC operation, etc.  
Each release trial includes a clean-up period after the dispersion test. 
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TABLE 2.  Likely Parameters for Each Liquid/Particulate Simulant Release Event 

Droplet size 
(diameter)* 

Simulant 
particles per 

droplet 
Volume of 

liquid released¥ 
Mass of silica 

particles** released 

5 µm 10 100 µl 259 µg 
50 µm 1000 100 µl 26 µg 

 
* The precise droplet sizes and liquid release volumes are subject to change slightly.  Two representative “small” and “large” 
target droplet sizes are shown here.  It is anticipated that the silica mass will remain constant even if droplet size or volume 
changes slightly (by modifying the number of simulant particles per droplet). 

** Assuming a density for amorphous silica of 2 g/cm3 

¥ There may be up to four release events per day 

 
Distribution of the simulant materials would occur as a short burst release or would be spread 
out over a period of approximately one minute.  The maximum amounts of particulate simulant 
material released at a particular location over fifteen minutes and 8 hours are 285 micrograms 
(for a single release event) and 1140 micrograms (for the maximum of four releases in an 8-hour 
period), respectively.  The particulate release amount has been chosen because it provides 
enough simulant material for sampling measurements to take place within the planned time and 
distance scales, while remaining within regulatory guidelines and not substantially affecting air 
quality (see Section 3.1.5  and 3.1.6).  Aerosol droplet sizes from a cough, sneeze or talking 
vary by a wide distribution ranging from sub-micron to hundreds of microns.  It is not practical to 
generate this range with a single aerosol generator.  A combination of two devices will be used 
to generate an aerosolized form of the liquid simulant material in two different size ranges, ~5 
µm and ~40-50 µm.  In addition, an aerosol holding chamber would be utilized to allow a buildup 
of aerosol before being released.  This method will allow either short bursts or as a slow continual 
release.  The aerosol devices are shown in Figure 1, and include a nebulizer (~5 µm) and a 
droplet generator (~40-50 µm).  

 

Figure 1.  Photographs of possible liquid/particulate simulant release devices.  A combination of a 
nebulizer (left) and a droplet generator (right) would be used to generate small and large droplet size 
distributions.  During the study, release devices may be linked together with small holding chambers and 
source of compressed air to generate a specific release velocity. 
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The samples to measure the concentration and particle/droplet size of the simulant in the air 
over time would be collected over a period of 1-2 hours, and provided for laboratory analyses.  
Air sampling units to be used include portable sampling units (PSU), dry filter units (DFU), 
personal air samplers (PAS), and cascade impactors.  Examples of measurement equipment 
are shown in Figure 2. Filters would then be analyzed in the laboratory for the presence of 
simulant using polymerase chain reaction (PCR).  Real-time aerosol concentration 
measurements would also be obtained from devices such as the Instantaneous Biological 
Analyzer and Collector (IBAC) sensor and Aerodynamic Particle Sizer (APS) particle counters, 
which use elastic scattering for particle counting and sizing.  Additionally, particulate surface 
deposition measurements would be made by collecting samples using gauze wipes on specified 
locations (either native surfaces or pre-placed coupons) within the test environment.  Coupons 
may be laid out before the trial on surfaces at select locations inside and around the environment, 
then retrieved after each trial.  If available, filters from the HVAC system may be evaluated as 
well. 
 
 

 
Figure 2.  Photographs of particle simulant measurement equipment.  (A) A Portable Sampling Unit 
(PSU).  (B) A Dry Filter Unit (DFU).  Inserts show the filter housings in both cases.  (C) An assembled 
DLPI+ cascade impactor (left) and disassembled unit showing 14 stages (right).  (D) A personal BC 251 
cyclone sampler. 
 
 
Most equipment would be located within the test vehicle, which would not be accessible to the 
public.  Some measurements may be collected immediately outside the vehicle (for example 
on a subway platform just outside the doors). It is anticipated that these measurement 
locations would also not be accessible to the public. No permanent physical changes would 
take place to locations from the use of the measurement equipment. 
 
The three trials that follow the simulant-only trial would include measures such as opening 
windows, or increasing the time or frequency that doors are open, or changing HVAC filter types.  
Note that these tests would likely result in the release of smaller amounts of simulant material 
than assumed in normal situations (i.e. baseline). However, this EA assumes baseline conditions 
in the following resource analysis. 
 
Thorough cleaning of the environment, consistent with Centers for Disease Control and 
Prevention (CDC) guidelines, would occur between each trial, and airborne particle 
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concentrations would be evaluated in real-time.  When the measured concentration has returned 
to baseline levels, the next trial may continue. 
 
Simulant testing would allow DHS S&T to meet the purpose and need of the Proposed Action 
and is therefore the preferred alternative. 

2.1.2 Liquid/Particulate Simulant (P1) 
 
Simulant Alternative P1 (Silica-DNA) would consist of aerosolizing water droplets containing 
some or all of the following components: (1) salt, (2) glycerol, (3) Optical Brightener (OB) 220, 
(4) commercially-available streptavidin- or avidin-functionalized amorphous silica particles 
between 100-1000 nm in diameter, and (5) non-coding biotinylated DNA oligos. 
 
From the perspective of evaluating the safety of these materials, it is important to note that no 
specific regulatory limits exist that are applicable to exposure of the public to these materials.  
However, a variety of relevant guidelines and regulations do exist regarding occupational 
exposure over an 8-hour work day (i.e., set by OSHA and other international occupational safety 
organizations), environmental air pollution (i.e., set by the EPA), minimum concentrations 
resulting in observed health impacts (i.e., set by the ACGIH), and ingestion (i.e., set by the Food 
and Drug Administration (FDA)).  These guidelines and regulatory limits were assessed for 
comparison purposes in order to contextualize the relative safety and risk of using these 
materials in the described amounts.  More details are provided below. 
 
In general, each individual component of Alternative P1 is non-hazardous.  Salt (sodium 
chloride), glycerol (i.e., glycerin), and biotin (Vitamin B7) are all classified by the FDA as 
“Generally Recognized As Safe” (GRAS) and are common components in many food products6.  
The OB 220 is used in several consumer products such as laundry detergent and paper 
production.  Amorphous silica, the primary component of the particles in Alternative P1, is used 
as an anti-caking agent and a carrier for liquid active ingredients in human and animal nutrition.  
The DNA oligos are short (~200 bp) sequences that are designed to not encode for a functional 
product.  Short non-coding DNA sequences have been safely used previously in other tracer 
particles such as DNATrax (DNA Tagged Reagents for Aerosol Experiments)7.  DNATrax was 
initially developed for food safety tracing and has also been used in open-air tracer testing.  DNA 
sequences are common in the environment and are produced by all living matter.  DNATrax has 
been classified as GRAS by the FDA8.  Safety Data Sheets for each component of Alternative 
P1 are included in Appendix A.  Based on the low quantities planned for release, the common 
use of these materials in many existing consumer products, and the safety information presented 
in Appendix A, salt, glycerol, biotin, OB 220, amorphous silica, and non-coding DNA oligos 
planned for use in the Proposed Action present a relatively low risk to the environment or human 
health. 
 
Use of particles in the respirable range (i.e., a mass median aerodynamic diameter (MMAD) less 
than 10 µm) for testing must adhere to exposure limits set by organizations such as OSHA and 
the EPA.  OSHA specifically regulates amorphous silica exposure levels: the 8-hour Time 
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Weighted Average (TWA) respirable Permissible Exposure Limit (PEL) is 0.8 mg/m3.  The EPA 
has established a 24-hour national air quality PM10 (particulate matter with a diameter below 10 
µm) standard for ambient air of 150 µg/m3 that provides health protection for the public, including 
the health of “sensitive” or immunocompromised populations (e.g., asthmatics, children and 
elderly).  This EA also considers guidelines set by the American Conference of Governmental 
Industrial Hygienists (ACGIH).  The ACGIH does not specifically regulate amorphous silica but 
has established a Threshold Limit Value (TLV) of 3 mg/m3 (respirable) for “particles not otherwise 
specified (PNOS)”. 
 
These existing regulations do not specifically cover particulates in the nanomaterial size range, 
which is defined as materials with at least one dimension less than 100 nm9,10,11.  The size range 
of the amorphous silica particles proposed in Alternative P1 falls in between the size ranges of 
canonical “nano”-particles and “micro”-particles and are collectively referred to as sub-micron 
particles.  Relatively little data is available regarding the long-term safety of nanomaterials, and 
official regulatory limits have only been established for a handful of materials12,13,14.  The only 
recommendations regarding silica nanomaterials come from the Finish Institute of Occupational 
Health (FIOH), which has proposed an 8-hour time-weighted average Occupational Exposure 
Limit (OEL) of 0.3 mg/m3 for amorphous silica nanoparticles15.  This value has also been 
proposed by the German Research Foundation (DFG) as a default threshold in situations where 
no other data is available regarding safety16. 
 
To be conservative, release amounts for the Proposed Action were scoped such that they were 
in compliance with the lowest recommended exposure limit by the FIOH for nano-scale 
amorphous silica, even though the silica particles described in Alternative P1 do not technically 
fit the definition of nanomaterials.  Of note, particles in the proposed size range for Alternative 
P1 (i.e., 100 nm – 1 µm) have been shown to deposit less in the upper airways and alveolar 
spaces compared to both smaller canonical nanomaterials (<100 nm) as well as larger 
microparticles (1 – 10 µm) (Figure 3). 
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Figure 3.  Relative deposition frequencies of different sized particles in the respiratory tract.  Extracted 
from Heyder et al. 1986 17. 

The small quantity of particulate material proposed for these tests would result in 8-hour 
maximum average mass concentrations (i.e., at the release point) that are 40-60 fold lower than 
the established limits by OSHA and ACGIH for particles not otherwise regulated (i.e., inert or 
nuisance dusts), respectively, and half of the EPA 24-hour standard.  The 8-hour TWA mass 
concentration is 4-fold lower than the FIOH guideline for nano-scale silica.  Of note, the 8-hour 
average concentrations reported here represent maximum likely concentrations, assuming air 
exchange rates significantly below those expected and no mitigation strategies implemented.  
Actual concentrations during the test event are anticipated to be significantly lower.  For more 
details, refer to Section 3.1.5 Public Health and Safety and TABLE 3. 

2.2 No Action Alternative 
 
Under the No Action Testing Location and Liquid/Particulate Alternative (P2), the proposed 
testing of the release of a safe material mimicking SARS-CoV-2 would not occur.  This alternative 
would not help to measure the spread of viral particles in transit environments and thus does not 
meet the purpose and need of the Proposed Action.  The No Action Alternative is carried forward 
for analysis in this EA to provide a comparison of baseline conditions to the Proposed Action, as 
required by the CEQ NEPA implementing regulations. 
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Section 3.  Affected Environment and Environmental Consequences  
 
This chapter describes the current environment for resource areas that may be affected by the 
Proposed Action Alternatives and the No Action Alternative, and the potential environmental 
consequences associated with these alternatives.  Resource areas analyzed include soil 
resources; water resources; biological resources; hazardous waste and materials; cultural and 
historic resources; air quality; noise; human health and safety; socioeconomics; environmental 
justice; and land use and infrastructure. 
 
The affected environment summarizes the current physical, biological, social, and economic 
environments of the area within and surrounding the Proposed Action.  For each resource area, 
the bounds of the area for analysis that could be impacted by the Proposed Action Alternative 
and No Action Alternative are broadly defined, and the elements or components of the resource 
area that may be potentially affected are described.  For many of the resource areas potentially 
affected by the alternatives, the area of analysis is confined to the test area. 
 
The analysis of environmental consequences for each resource area begins by explaining the 
methodology used to characterize potential impacts, including any assumptions made.  The 
impacts analysis considers how the condition of a resource area would change as a result of 
implementing each of the alternatives and describes the types of impacts that would occur 
(e.g., direct, indirect, beneficial, adverse).  The impact types and significance criteria are 
described below.  The terms “impacts” and “effects” are used interchangeably in this chapter. 

3.1 Test Site Overview 
 
The simulant (P1) would be released in at least two environments: a subway car and a bus within 
NYC.  The test site would not be accessible to the public, which would prevent exposure.  
Depending on the specific mitigation actions being evaluated, the test vehicles may be stationary 
or in motion (see Section 2.1.1). DHS S&T is working with MTA to identify appropriate sites for 
testing. As an example, the subway car being tested could be stationary in a train yard or 
decommissioned station or could be moving along a non-operational section of track.  The bus 
being tested could be following a “shadow service” model or could be parked or operated at a 
bus depot to provide a more controlled environment for testing.   

3.1.1 Geology, Soils, Topography and Geological Hazards 
 
Geological resources consist of the surface and subsurface materials that make up the Earth’s 
crust.  Within a land area, these resources are described with the study of geology, soils, and 
topography.  In the U.S., geologists separate geologically similar areas into physiographic 
provinces.  Provinces are grouped based on similarities between landforms’ physical features 
and processes, and their relation to geologic structures, terrain, sediment, history, and rock 
types.  Information about an area’s physical features and processes can identify important 
aspects of the land’s structural integrity, capacity for construction, and potential for geologic 
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hazards.  The prevalence of geologic hazards is based on the forces that act on geological 
resources.  These hazards pose a threat to human safety and the built environment; examples 
include erosion, earthquakes, landslides, and sinkholes. 
 
NYC is located on the eastern Atlantic coast, at the mouth of the Hudson River.  It is made of 
five boroughs separated by various waterways.  Brooklyn and Queens occupy the western 
portion of Long Island, while Staten Island and Manhattan are completely on their own land 
mass.  Bronx, to the north, remains attached to the New York State mainland.  The geological 
history of NYC is long and includes several formations, most notably those of bedrock and 
remnants of glacial activity.  The soil as described by the Natural Resource Conservation Service 
is primarily a fine-loamy, mixed, active mesic Glossic Hapludalfs.  The topography of New York 
City is very diverse but has been substantially altered through construction activity.  Several fault 
lines reside under NYC and sedimentation and erosion are present. 
 
The Preferred Alternative would have no impact on these resources as activities would occur 
within a transit vehicle in a previous utilized transit location.  Under the No Action Alternative, 
the proposed testing would not occur.  Therefore, there would be no changes to these resources 
and no significant effects under the No Action Alternative. 
 

3.1.2 Hydrology and Water Resources 
 
Hydrology is the study of how water naturally distributes and circulates.  Water resources consist 
of the use and quality of both groundwater and surface water, floodplains, and wetlands.  Water 
quality refers to the chemical and physical composition of water, usually in respect to its 
suitability for a particular purpose, such as drinking. 
 
NYC is located within the 02030201 and 02030202 hydrological unit codes and contains many 
jurisdictional waters and wetlands subject to the Clean Water Act.  Areas determined to be 
floodplains and coastal zone exist within NYC, especially along waterfront and coastal areas.  
According to the New York Department of Environmental Conservation (NYDEC), the Long 
Island Aquifers under the city are among the most productive aquifers in the U.S.  Additionally, 
NYC drinking water supply system is the largest unfiltered water supply in the United States.  It 
provides approximately 1.2 billion gallons of high-quality drinking water to nearly one-half the 
population of New York State every day. 
 
The Preferred Alternative (P1) would have no impact on these resources as activities would 
occur within a transit vehicle in a previous utilized transit location.  Under the No Action 
Alternative, the proposed testing would not occur.  Therefore, there would be no changes to 
these resources and no significant effects under the No Action Alternative.   
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3.1.3 Biological Resources 
 
Biological resources at the Project Site may include vegetation, wildlife, and special status 
species.  The Migratory Bird Treaty Act of 1918 (MBTA) (16 U.S.C. § 703 et seq.) protects 
migratory birds.  Other laws that protect terrestrial and avian special status species include the 
Endangered Species Act of 1973 (ESA) (16 U.S.C. § 1531 et seq.), the Bald and Golden Eagle 
Protection Act of 1940 (BGEPA) (16 U.S.C. § 668 et seq.) and species protected by the State of 
New York.  Together, these resources form the ecological character of a given site. 
 
New York is home to many animal and plant species and their habitat.  The potential for exposure 
of terrestrial wildlife to the particulate materials was evaluated.  Aerosolized releases of 
Alternative Particulate P1 would involve very small amounts of material released within a 
discrete environment such as a subway car or bus.  It is anticipated that vehicle doors or windows 
may be opened during the test to evaluate the effectiveness of these actions in reducing spread 
of the simulant materials, creating a small potential for simulant material to disperse from the 
test vehicle to the environment. 
 
Silica-DNA (P1) would not impact the surrounding environment.  The primary component, 
amorphous silica, is found naturally in marine plant fossil skeletons and is already used 
extensively in several products commonly found in Manhattan such as toothpaste, anti-caking 
agents (i.e., dried eggs) and carriers for liquid active ingredients in human and animal nutrition.  
The DNA oligos are safe and are comprised of the same four nucleotides as all other DNA (i.e., 
uniqueness comes from differences in sequence)18.  The particular sequence will be made to 
look distinctly different from known pathogens that are searched for within the DHS BioWatch 
air sampling program.  OB 220 is used in several commercial products found commonly in 
Manhattan (i.e., paper, clothing).  It has been tested extensively on animals and has presented 
little to no risk.  The OB is soluble in water and is removed by >75 percent to >95 percent through 
absorption from sewage with direct photolysis a second elimination process (half-life for the OB 
on surface water is 3.9 – 5.2 hours)19.  OB acute toxicity levels are known for several species, 
and are well below the maximum 10 mg of OB released over the duration of all proposed tests 
(approximately one week).  Toxicity levels for Daphnia magna (the lowest toxicity level) would 
only be exceeded if the entire OB supply were deposited in a water reservoir containing 88 
milliliters (approximately the size of a carry-on shampoo bottle). 
 
According to the U.S. Fish and Wildlife Service’s (USFWS) Information for Planning and 
Consultation, there is no critical habitat in the proposed project area.  Four threatened and 
endangered species (piping plover, red knot, roseate tern, and seabeach amaranth) reside 
within the county but are all coastal species, and are not anticipated to be present in the subway 
system or along roadways used for bus testing as the appropriate habitat does not exist in these 
areas.  Therefore, there would be no effect on threatened and endangered species from the 
proposed testing and consultation with the USFWS is not required.  Other urban wildlife including 
birds, coyotes, deer, rodents, fish, reptiles, and amphibians are present in NYC.  While urban 
wildlife and their habitat may be present in the proposed project area, no effect is anticipated on 
wildlife.  There would be no significant effects to wildlife or special-status species under the 
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Preferred Alternative.  The Preferred Alternative would similarly have no effect on vegetation or 
special plant species as testing would occur within a transit vehicle and industrialized area.  
Under the No Action Alternative, the proposed testing would not occur.  Therefore, there would 
be no changes to these resources and no significant effects under the No Action Alternative. 
 

3.1.4 Hazardous Materials and Environmental Compliance 
 
Hazardous materials and wastes are physically hazardous and include combustible and 
flammable substances, compressed gases, and oxidizers.  Health hazards are associated with 
materials that cause acute or chronic reactions, including toxic agents, carcinogens, and irritants.  
In addition to being a threat to humans, the improper release or storage of hazardous materials, 
hazardous wastes, and petroleum products can threaten the health and well-being of wildlife 
species, habitats, soil and land use, and water resources. 
 
For this analysis, the terms hazardous waste, hazardous materials and toxic substances include 
those substances defined as hazardous by the Comprehensible Environmental Response, 
Compensation, and Liability Act (CERCLA) (i.e., superfund), Resource Conservation and 
Recovery Act (RCRA), and the Spill, Prevention, Control and Countermeasures (SPCC) Rule 
under the Clean Water Act.  In general, they include substances that, because of their quantity, 
concentration, or physical, chemical or toxic characteristics, may present a danger to public 
health or welfare or the environment when released into the environment.  Regulated substances 
include the storage, transportation, handling, and use of hazardous materials, as well as the 
generation, storage, transportation, handling, and disposal of hazardous wastes.  The purpose 
of CERCLA, often referred to as Superfund, is to clean up contaminated sites so that public 
health and welfare are not compromised.  RCRA provides for “cradle to grave” regulation of 
hazardous wastes.  An SPCC Plan can be developed, if required, to outline the methods and 
procedures established to minimize the potential for spills and discharges into waterways from 
the facility. 
 
New York City is home to sites subject to CERCLA and RCRA and contains many areas where 
hazardous materials and waste are present.  Equipment used to generate releases and collect 
samples during the Proposed Action would be properly stored before and during use before 
being returned to the laboratory where they would be cleaned and evaluated for reuse.  All 
sampling waste generated during sample collection (e.g., gloves, filters) would be disposed of 
according to regulations.  Test vehicles would be in good operating order and it would not be 
anticipated that any oil or gasoline would leak.  All test vehicles would be cleaned after testing, 
using both standard cleaning procedures as well as additional steps to ensure removal of 
simulant particles.  Real-time measurement equipment would enable confirmation that aerosol 
levels have returned to baseline following each test, and analysis of surface samples would be 
conducted to confirm removal of the simulant after testing has concluded.  None of the materials 
brought to the stations are RCRA regulated hazardous waste. 
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The Preferred Alternative would have no impact on these resources as activities would occur 
within a transit vehicle in a previous utilized transit location.  Under the No Action Alternative, 
the proposed testing would not occur.  Therefore, there would be no changes to these resources 
and no significant effects under the No Action Alternative. 
 

3.1.5 Public Health and Safety 
 
Public health and safety are largely a matter of adherence to regulatory requirements outlined 
by the OSHA and local police, fire, and medical services.  The OSHA standards specify the 
amount and type of safety training and education required for industrial workers, the use of 
protective equipment and clothing, engineering controls, and maximum exposure limits with 
respect to workplace stressors like air, noise, and spilled pollutants (29 C.F.R.  Part 1910).  In 
order to adhere to OSHA regulations, employers typically have internal processes and 
procedures in place to protect the safety of employees, contractors, and the public.  Employers 
must review potentially hazardous workplace conditions; monitor exposure to workplace 
chemical, physical, and biological agents, and ergonomic stressors; and recommend and 
evaluate controls to ensure exposure to personnel is eliminated or adequately controlled.  
Additionally, employers are responsible for ensuring a medical surveillance program is in place 
to perform occupational health physicals for those workers subject to the use of respiratory 
protection, engaged in work that involves hazardous waste, asbestos, lead, or other activities 
requiring medical monitoring. 
 
This section discusses all human health and safety effects related to the Proposed Action.  Test 
events in MTA buses and subway cars would occur in areas that are not accessible to the public.  
Buses and train cars being used for testing would not be used for customer service during the 
test window; therefore, the public would experience extremely limited to no exposure with the 
liquid/particulate releases.  It is anticipated that vehicle doors or windows may be opened during 
the test to evaluate the effectiveness of these actions in reducing spread of the simulant 
materials, creating a small potential for simulant material to disperse from the test vehicle to the 
environment. 
 
Personnel directly involved in testing may contact the materials through inhalation, ingestion, or 
dermal contact.  The test evironment would be cleaned in between tests and at the end of each 
test day to minimize the amount of simulant materials on surfaces and reduce the likelihood of 
re-aerosolization over time.  The personnel supporting the test are comprised of healthy working 
adults, but immune-deficient or immune-compromised individuals may be present.  Personnel 
may wear personal protective equipment (PPE) during testing such as gloves, which would 
minimize dermal exposure, as well as masks. Given current COVID-19 social distancing 
guidelines, personnel would use cloth face coverings or surgical-style masks at a minimum, 
which should reduce inhalation exposure. Respirators such as an N95 or KN95 could also be 
used, although this PPE is currently in short supply due to the ongoing pandemic.  A discussion 
of the anticipated maximum levels of simulant exposure will first be discussed followed by the 
individual environmental consequences of each individual liquid/particulate alternative.   
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As discussed in Section 2, the maximum amounts of particulate amorphous silica simulant 
material released in a test environment (i.e., a bus or subway train car) over fifteen minutes and 
8 hours are 285 and 1140 micrograms, respectively, corresponding to a maximum of four release 
events per day.  The majority of released material are respirable, in the range of < 10 µm.  
Personnel would be present in the test environment during the release and afterwards to operate 
the release device and measurement equipment and collect samples.   Extremely small amounts 
of material are being released and the material would be directed into the airspace to be rapidly 
mixed, minimizing exposure of any one individual to simulant materials. 
  
TABLE 3 presents computer modeling results in order to predict the particle concentrations at 
the release site.  Two different models were used to estimate particle concentrations, including 
a simple analytical model as well as the Below Ground Model (BGM) from Argonne National 
Laboratory.  The analytical model represents a maximum concentration scenario, assuming very 
low air flow and diffusion rates in a bus, with no mitigations actions implemented. The BGM 
assumes more realistic conditions in a subway car.  The reported particle concentrations reflect 
those resulting from four simulant releases, separated by two hours, within an 8-hour period.  
Several OSHA and ACGIH regulatory limits are also provided for reference.   Measurements 
from the analytical modeling results indicate particle concentrations that are between two-fold 
and sixty-fold lower than all established permissible exposure limits for an 8-hour average 
exposure.  The BGM results suggest particle concentrations that are several orders of magnitude 
below all established exposure limits. 
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TABLE 3.  Estimated Mass Concentrations from Computer Modeling 

 
 
* The following regulatory limits are provided for comparison: OSHA Nuisance Dust PEL = 5 mg/m3;  ACGIH Nuisance Dust TLV = 3 mg/m3; OSHA Amorphous 
Silica PEL = 0.8 mg/m3; FIOH Nano-scale Silica PEL = 0.3 mg/m3.

 Particle Release Size Release Location 
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DNA-tagged Silica 285 µg in 200 µl 
(burst) Subway car 0.00032 0.00008 0.00005 0.00004 
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Simulant alternative P1 (Silica-DNA) would consist of aerosolizing water droplets containing 
some or all of the following components: (1) salt, (2) glycerol, (3) OB 220, (4) commercially-
available streptavidin- or avidin-functionalized amorphous silica particles between 100-1000 
nm in diameter, and (5) non-coding biotinylated DNA oligos.  The salt and glycerol enable the 
fluid to more closely mimic the properties of respiratory secretions.  The OB has been added to 
make simulant discrimination easier for real-time biological trigger sensors utilizing 
fluorescence techniques.  The DNA oligos coat the particles and enable sensitive and specific 
quantification of the particles in the environment using molecular biology techniques. 
 
Salt, glycerol (i.e., glycerin), and biotin (Vitamin B7), are all common components of food 
products, are all classified by the FDA as GRAS21.  Safety Data Sheets (SDS) are provided for 
these materials in APPENDIX A. 
 
The incorporated DNA sequences are randomly generated and designed so as not to produce 
a functional product.  The DNA sequences are inert, non-living, and have been verified as 
dissimilar from other known biological sequences.  Environmental DNA is already ubiquitous in 
byproducts (e.g., skin, hair, urine) from all organisms; therefore, there is no additional impact or 
burden placed on the environment from use of the material.  DNA has been used as a component 
in past simulant materials, including DNATrax, which was used for testing in the MTA New York 
City Transit (NYCT) subway system previously with no recorded negative health impacts 22. 
 
Streptavidin is a protein originally isolated from environmental soil bacteria that is used widely in 
a range of molecular biology and biotechnology applications because of its extremely strong 
interaction with biotin.  Avidin is also a biotin-binding protein and is isolated from egg whites. 
Streptavidin or avidin is being used in Alternative P1 to enable easy coupling of the DNA 
sequences to the particle surface.  Other than binding to biotin, streptavidin and avidin have no 
other enzymatic functions and is considered safe.  Of note, excess streptavidin or avidin sites 
on the silica particles will be quenched with biotin prior to testing.  SDS’s for streptavidin and 
avidin are provided in APPENDIX A. 
 
Several toxicology studies have been performed on OB 220 (also referred to as Fluorescent 
Brightener 220) and related optical brighteners23,24.  These materials are generally not irritating 
to skin and eyes.  Toxicity studies of this brightener and a related compound in rats and other 
mammals observed no fatalities or signs of toxicity via ingestion at a range of doses25,26,27.  
Several inhalation toxicity studies have also been conducted in rats using closely related OBs.  
No mortality was observed, although temporary reductions in overall health were observed at 
the highest attainable concentrations28,29.  Animals appeared healthy during the 14 days 
following exposure and had normal weight gains.  Finally, a review of toxicity studies for OBs, 
including OB 220, carried out by the German Institute for Consumer Health Protection and 
Veterinary Medicine30 also concluded that they pose no risk to consumers.  An SDS for OB 220 
(i.e., Fluorescent Brightener 220) is provided in APPENDIX A. 
 
The amorphous silica particles will have a MMAD between 100 – 1000 µm, which is considered 
respirable.  Amorphous silica (SiO2, CAS: 7631-86-9), the primary component in Alternative P1, 
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is used as an anti-caking agent (e.g., dried eggs), filler for the rubber industry, and a carrier for 
liquid active ingredients in human and animal nutrition.  Amorphous silica is found naturally in 
dust from microscopic marine plant fossil skeletons (i.e., diatomaceous earth).  One of the major 
problems with assessing the health effects from amorphous silica is contamination from 
crystalline silica31.  Crystalline silica can cause several negative human health effects such as 
silicosis, tuberculosis, chronic bronchitis/chronic obstructive pulmonary disease (COPD) and 
lung cancer.  However, all amorphous silica that is proposed for use will be synthetically 
manufactured, avoiding contamination with crystalline silica.  No silicosis has been found in the 
epidemiological studies involving workers with long-term exposure to intentionally manufactured 
Synthetic Amorphous Silica (SAS)31.  In addition, long-term animal inhalation experiments 
exposed to high concentrations of amorphous silica (> 10 mg/m3) showed no obvious 
pathology31.  No adverse changes were observed in Wistar rats exposed to three different types 
of respirable SAS particles32. 
 
A variety of products containing silica are considered safe.  Silica gels are considered GRAS 
when used as anti-foaming agents33.  Silicon dioxides are considered GRAS as substances 
migrating from paper and paperboard products used in food packaging34.  In 2018, the FDA 
updated silicon dioxide as a food additive permitted for direct addition to food for human 
consumption.  The amorphous silica SDS (APPENDIX A) lists the OSHA PEL as 80 / %SiO2 
mg/m3 (respirable fraction) and ACGIH TLV as 3 mg/m3 (respirable fraction) 35,36.  As shown in 
TABLE 3, the maximum concentrations encountered after particle releases are lower than the 
established limits by OSHA and ACGIH.  Amorphous silica particles have been used safely in 
previous open-air tracer tests in NYC (i.e., the 2016 Underground Transportation Restoration 
test), although in larger micron-scale particle sizes80. 
 
Alternative P1, consisting of streptavidin- or avidin-coated amorphous silica particles, OB 220, 
DNA oligos, salt, and glycerol is not anticipated to present a significant risk to human health and 
safety.  Therefore, there would be no significant effects to air quality or human health and safety 
as a result of the Preferred Alternative.  The Preferred Alternative would result in beneficial 
impacts on public health and safety by aiding in the research and understanding of how the 
SARS-CoV-2 virus spreads and how mass transit authorities can mitigate potential exposure to 
the public and MTA employees. 
 
Under the No Action Alternative, the proposed testing would not occur.  Therefore, there would 
be no changes to existing air quality or human health and safety and no significant effects under 
the No Action Alternative. 
 
3.1.5.1 Environmental Noise 
 
Noise can be transmitted or continuous, steady or impulsive, and can involve any number of 
sources and frequencies.  It can be easily identifiable or generally nondescript.  Although human 
response to noise varies, measurements can be calculated with instruments that record 
instantaneous sound levels in decibels (dB).  The dB is a logarithmic unit that expresses the 
ratio of a sound pressure level to a standard reference level.  A-weighted decibels (dBA) 
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characterize sound levels that can be sensed by the human ear.  “A-weighted” denotes the 
adjustment of the frequency range to what the average human ear can sense when experiencing 
an audible event.  The threshold of audibility is generally within the range of 10 to 25 dBA for 
normal hearing.  The threshold of pain normally occurs in the region of 135 dBA (USEPA, 1981). 
 
Existing noise within NYC results from ongoing construction activities, vehicular traffic, and air 
traffic.  None of the equipment or personnel would generate loud noises that would increase 
existing noise levels.  Noise due to equipment would not exceed 82 dBA at any test site and 
would be well-below this level for any release site not requiring generator power. 
  

3.1.6 Air Quality  
 
This section describes the ambient NYC outdoor, mass transit bus, and subway air quality.  The 
Proposed Action is anticipated to have little to no additional impact on air quality, which is already 
characterized by high particulate concentrations.  An aggregation of air quality studies from 
several subway stations around the world has been provided in TABLE 4 for perspective.   

3.1.6.1 NYC Metropolitan Outdoor Air Quality 

Outdoor air quality in NYC has historically been poor and the city estimates that 6 percent of the 
city’s annual deaths are attributable to air pollution37.  The Clean Air Act, last amended in 1990, 
required the EPA to develop National Ambient Air Quality Standards (NAAQS) for particulate 
matter with a diameter below 10 µm (PM10) and 2.5 µm (PM2.5).  NAAQS define primary 
standards, which protect the health of “sensitive” populations such as asthmatics, children, and 
the elderly.  In addition, NAAQS define secondary standards which protect against decreased 
visibility and damage to animals, crops, vegetation, and buildings.  Primary and secondary levels 
for annual average PM2.5 have been set at 15 µg/m3 and 12 µg/m3, respectively.  A PM10 24-hr 
average of 150 µg/m3 has been defined for primary and secondary concentrations38.  The city 
launched an effort in 2007 to achieve the highest outdoor air quality of a major city by the year 
2030.  The NYC Community Air Survey (NYCCAS) reported annual average PM2.5 
concentrations for 2016 that range from 4.5 – 16.8 µg/m3 depending on the measurement 
location, with the highest concentrations recorded in Manhattan.  These 2016 levels represent 
an average 28 percent decline in PM2.5 levels compared to 200939.  Outdoor PM10 levels have 
remained steady for the same time period, averaging 60 µg/m3 for 2005 – 201140.  While outdoor 
PM10 concentrations for NYC are well below NAAQS, outdoor PM2.5 concentrations still remain 
above primary and secondary standards which protect against environmental harm.  NYC 
continues to work towards reducing particulate emissions and meeting national standards. 

3.1.6.2 Ultrafine Particles (<300 nm) in Mass Transit Environments 
 
In a compilation of previously conducted studies41, ultrafine nanoparticles (10-300 nm diameter) 
were measured in different environments, including mass transit environments.  In general, 
ultrafine particle concentrations range from <1x104 particles/m3 for clean outdoor/indoor 
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environments, to high levels of >1x106 particles/m3 that could originate from indoor cooking, 
butane heaters, or exhaust from taxis.  These studies showed that the average amount of 
ultrafine particles (2.3x104 particles/m3) in subway environments was greater than the ambient 
background air environment (1.4x104 particles/m3).  Likewise, the number of ultrafine particles 
measured when riding a bus was four times greater than the background air (5.4x104 
particles/m3), although this concentration varied greatly by bus fuel type and the duration of a 
ride.  This variability was mainly due to the large number of ultrafine particles emitted from 
hydrocarbon combustion plumes from the bus exhaust pipes. 

3.1.6.3 Mass Transit Vehicle Air Quality 
 
The air quality inside vehicles used for mass transportation is proportional to the air exchange 
rate, or how often the air inside is refreshed with new air.  Several studies have been conducted 
regarding air exchange rates for mass transit vehicles.  For example, the Massachusetts Bay 
Transit Authority’s (MBTA) transit buses have an air exchange rate of once every 6 minutes with 
windows closed and once every 1.5 minutes with windows fully open42.  Additionally, the air 
inside the above-ground light-rail cars in Denver’s Regional Transport District is fully exchanged 
every 59 seconds.  The ratio of fresh air to recirculated air is about 25 percent versus 75 
percent43.  Many of the MTA’s subway cars are equipped with air filtration systems that include 
filters with a MERV-7 to MERV-10 rating44,45 which filter out up to 65 percent of particles 1-3 µm 
and >85 percent of particles 3-10 µm.  These subway cars have an average air exchange rate 
of 18 times per hour, which is much higher than the minimum recommended 6 air exchanges 
per hour for Intensive Care Units (ASHRAE standard 170-2017) or airborne infection isolation 
rooms (CDC)44.  Carbon dioxide (CO2) levels in buses and subway cars can range from ambient 
outdoor air concentration values (400 ppm) to above the World Health Organization’s 
recommended 1000 ppm46 during the course of a ride, depending on the amount of crowding 
and the ventilation system41.  These studies emphasize the importance of air exchange rates in 
enclosed environments from multiple health standpoints. 

3.1.6.4 Subway Indoor Air Quality 
 
This section describes the characteristic background particulate matter found in air/surface 
samples in several transit environments.  It should be emphasized that passenger entrances, 
ventilation shafts, and tunnels allow for a large exchange of air with the outside environment. 
 
Airborne particulate mass concentrations have been previously measured at several subway 
systems around the world.  A summary of average results is presented in TABLE 4.  Airborne 
particulate mass concentrations were almost always significantly higher inside subway stations 
than ambient air outside of the stations47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66; generally by 
at least a factor of 4.  The exception to this was Guangzhou China where outdoor air pollution 
was much higher than other cities.  Notice that there is a wide range of concentrations depending 
on the subway system.  Significant mass concentration variations were also measured between 
stations67, seasons49,53,68,69, and time of day66,69 for the same city. 
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TABLE 4. 
Average Mass Concentration Measurements (µg/m3) Taken in Different Subway Systems 

 Outdoor 
PM2.5 

Outdoor 
PM10 

Subway 
PM2.5 

Subway 
PM5 

Subway 
PM10 

Subway 
TSP 

Description 

Berlin47     147   
Buenos Aires67      211 Platform 
Budapest64     155  Platform 
Boston70     205  Platform (Winter) 
Cairo59      938  
Guangzhou71 106  44  55   

Helsinki48 10, 17  54, 21    Platform (Winter), 
Subway Car (Winter) 

Hong Kong47   33  44   

London 23.5 [49], 
34.5 [49]  

165, 103 
[49], 375 

[72],239 [49] 
801 [51] 1,250  

Subway Drivers Cab, 
Platforms (Winter 
and Summer) 

Mexico City73 71, 38  61     

NYC 13 [54]  62 [54], 56 
[55]    Platforms & Cars, 

Subway Workers 
Prague53  74   103, 114  Station, Subway Car 

Rome62  101   166, 407  Subway Drivers Cab, 
Platforms 

Seoul   66 [69], 118 
[52], 111  144, 126, 

137 [74]  Subway Car, 
Platforms 

Stockholm48 23  212  386   
Toronto75 15  159     
Washington DC58      333  
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The elevated mass concentration values in the subway are thought to be influenced by 
passenger activity, floor cleaning, station depth, date of construction, ventilation rate, proportion 
of frictional to regenerative braking, train frequency, wheel type (rubber vs. steel), and the 
presence or absence of platform-edge doors and/or air-conditioning in subway cars and 
stations55,59.  Analysis has been conducted on collected particulate samples to determine the 
constituent materials.  Iron oxides (e.g., Fe3O4, Fe2O3) make up the majority of subway 
particulate mass (e.g., 64 – 71 percent in London subway50).  The iron oxides generally create 
a passivation layer on the surface of iron.  Airborne iron is primarily attributed to wear debris 
from the subway car wheel-rail interface and braking (contributed 15 percent total mass76).  
TABLE 5 reports the percentage iron content from other cities.  A NYC study found that iron 
content percentage in the air varied depending on the location within the subway system (e.g., 
14 percent for overhaul shop workers, 27 percent for track workers, 43 percent for train 
operators)55. 

TABLE 5.  Percent Iron in Subway Dust 
City Iron % 

Budapest64 42 

Buenos Aires67 21 

Helsinki48 54 

London50 45 

NYC54 42 

Rome62 10 

Seoul69 45 

Stockholm63 40 

Washington, DC58 55 
 
Other metals found in elevated percentages to the outdoors were chromium (present in steel), 
manganese (present in steel), copper (present in current collector shoes rubbing against 
conductor rail), zinc (vehicular traffic), and barium (present in some brakes47).  The metals are 
not generally present as elements but as compounds (e.g., oxides, chlorides, sulfides)58.  Steel, 
manganese and chromium were found to be more than 100 times higher in the NYC subway 
system than outdoors54.  Carbon-rich particles are generally found, attributed to carbon inclusion 
in steel, oils, and human debris (e.g., clothes fibers, hair, skin)58,51,47.  Other non-metals found 
were silica quartz (e.g., 7.2 percent in Washington, DC), attributed to concrete (i.e., construction, 
degradation)58, and chlorides51,60,69 attributed to the use of road salts for de-icing.  A Washington, 
DC, study found that subway dust from older Washington Metropolitan Area Transit Authority 
(WMATA) rail lines was not significantly different than dust from newer lines58.  Also of interest 
was that power washing only reduced mass concentrations by roughly 10 percent56.  The same 
factors that affect mass concentration levels also affect the composition of subway dust.  
Therefore, it is important for each facility to conduct analysis on their inherent subway particles. 
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While some of the underground subway increase in airborne mass concentration is attributable 
to higher particulate density (i.e., iron), it is also attributed to an increase in total particle counts.  
Measurements in the WMATA subway system found that the total particle counts (Smithsonian 
Station) were at least 2 – 3 times lower in magnitude immediately outside the station for all 
particle sizes between 0.5 – 9.4 µm77.  Compared to the outdoors, the subway environment has 
particles that are heavier (i.e., iron oxides) and in greater numbers.  Typical subway station total 
particle counts (>0.5 µm) reached 10,000 – 100,000 Particles Per Liter (ppl) of air depending on 
train operation and time of day60,68,77.  Fluorescent particles have been reported at <1 percent of 
total particle counts60.  Also of interest is that NYC air-conditioned subway cars reduced particle 
counts by 75 – 90 percent compared to the subway station57. 
 
With respect to airborne particle sizing, significant increases in coarser particles (i.e., >2 µm) 
have been measured for subway dust50,51.  Measurements in Washington, DC, found the largest 
subway station particle increases (compared to outdoors) in the 1.1 – 3.2 µm particle size 
range77.  These coarse particles typically come from grinding activities (wheel-rail interface) and 
other geological origins (e.g., spores, waste residues)62.  Many subway particles are angular in 
shape which is consistent with metal surface abrasion55.  A Seoul Korea study found that subway 
dust in the 2.5 – 10 µm range and 1 – 2.5 µm range were made of 77.3 percent and 70.9 percent 
iron, respectively78.  It is thought that this increase in coarser sized particles is due to the 
liberation of iron particles at the wheel-rail interface and from braking systems.  Park & Ha assert 
that many smaller particles (< 2 µm) are from vehicle exhausts and other sources of combustion 
based on measuring a strong positive correlation between PM2.5 and CO concentrations79. 
 
Bulk dust samples were collected from subway surfaces and analyzed58.  Particle sizing was 
conducted with an average normalized distribution of 23.3 percent (< 2.5 µm), 27.2 percent (2.5 
– 10 µm), 42.9 percent (10-25 µm), and 6.5 percent (>25 µm).  A shift to larger particles is seen 
in the deposited particles.  The primary constituent material (40 percent) was iron. 
 
Real-time background particle concentration data gathered as a part of the 2016 Underground 
Transportation Restoration (UTR) study indicated high background levels of particles in the 
Grand Central (>100,000 ppl for particles 0.52 – 2.13 µm diameter) and Times Square (>50,000 
ppl for particles 0.52 – 2.13 µm diameter) stations in NYC80. 
 
A 2015 NYC subway system sampling campaign examined the types of microorganisms found 
within stations81.  The findings suggest a rich and diverse background of microorganisms in the 
subway environment.  Hundreds of organisms classified as bacterial, viral, archaeal, and 
eukaryotic taxa were found in the subway; however, most organisms were considered harmless.  
There were several Bacillus species found within the subways, with the most abundant being B.  
cereus (some strains of which can cause foodborne illness).   

3.1.7 Cultural Resources and Historic Properties  
 
This section describes the current setting for cultural resources and evaluates the potential 
effects to cultural resources as a result of the Proposed Action.  Cultural resources, while not 
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defined in statute or regulation, are generally inclusive of historic properties as defined by the 
National Historic Preservation Act of 1966 (NHPA) (54 U.S.C. § 300101 et seq.) cultural items 
as defined by the Native American Graves Protection and Repatriation Act of 1990 (NAGPRA) 
(25 U.S.C. § 3001 et seq.); archaeological resources as defined by the Archaeological 
Resources Protection Act of 1979 (ARPA) (16 U.S.C. § 470aa et seq.); sacred sites as defined 
by Executive Order 13007, Indian Sacred Sites; and collections and associated records as 
defined by 36 C.F.R. Part 79. 
 
Cultural resources are associated with human use of an area.  They may include archaeological 
sites, historic properties, or locations of ethnographic interest associated with past and present 
use of an area.  A cultural resource can be physical remains, intangible traditional use areas, or 
an entire landscape encompassing past cultures or present, modern-day cultures.  Physical 
remains of cultural resources are usually referred to as archaeological sites or historic properties.  
Cultural resources of significance to Native American tribes can include archaeological 
resources, structures, prominent topographic features, vegetation, animal species, and minerals 
that Native Americans consider essential for the preservation of traditional culture.  Cultural 
resources that are listed in or eligible for listing in the National Register of Historic Places (NRHP) 
are known as historic properties. 
 
Almost 7,000 National Register of Historic Places listed properties and 116 National Historic 
Landmarks as reported by the National Park Service and one World Heritage Site as designated 
by the United Nations Educational, Scientific and Cultural Organization are present within the 
city.  Additionally, the NYC vicinity and surrounding area has been inhabited by Native 
Americans for thousands of years and many sites remain which may have cultural significance. 
 
Consideration was given to the impact of the tests on any cultural resources or historic 
properties.  Testing is planned on transit vehicles such as trains and buses, which are not cultural 
resources or historic properties.  However, many of the stations in the NYC subway system are 
listed on the NRHP.  There would be no ground disturbing activities or need to permanently affix 
equipment to any structures or walls within subway stations.  The placement and use of testing 
equipment would not result in visual or audible impacts given the temporary nature of the activity.  
The simulant material used for testing would also have no direct or indirect effect to any 
contributing features of any historic properties.  As such, the Preferred Alternative would have 
no adverse effect on historic properties.  Therefore, there would be no significant effects to 
historic properties under the Preferred Alternative. 
 
Under the No Action Alternative, the proposed testing would not occur.  Therefore, there would 
be no changes to existing cultural resources or historic properties and there would be no 
significant effects under the No Action Alternative. 
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3.1.8 Socioeconomics and Environmental Justice 
 
The analysis of socioeconomic impacts identifies those aspects of the social and economic 
environment that are sensitive to changes and that may be affected by activities associated with 
the Proposed Action.  Socioeconomic factors describe the local demographics, income 
characteristics, and employment of the region of influence. 
 
The EPA defines environmental justice with a goal of “fair treatment” to identify potential 
disproportionately high and adverse impacts to minority and low-income communities and 
identify alternatives to mitigate any adverse impacts as defined in EO 12898, Federal Actions to 
Address Environmental Justice in Minority Populations and Low-Income Populations.  Federal 
agencies are required to ensure that these potential effects are identified and addressed.  For 
purposes of assessing environmental justice under NEPA, the CEQ defines a minority 
population as one in which the percentage of minorities exceeds 50 percent or is substantially 
higher than the percentage of minorities in the general population or other appropriate unit of 
geographic analysis (CEQ, 1997).  A low-income population is defined as a Census tract (CT) 
with a median household income lower than the poverty threshold.  A CT usually covers a 
contiguous area, and its boundaries usually follow visible and identifiable features (e.g., road, 
river).  CTs were designed to be relatively homogeneous units with respect to population 
characteristics, economic status, and living condition. 
 
According to the U.S. Census Bureau, the estimated population of NYC in 2014 was 8.1 million 
people.  Based on data from 2014, land usage is a mixture of single- and multi-family residential 
use (39%), open space/recreation (27%), transportation/utility (8%), commercial (7%), industrial 
(4%), and other (15%)82.  There are 1,585,873 people living in Manhattan, 48% non-Hispanic 
White, 25.4% Hispanic, 12.9% non-Hispanic black, 11.2% non-Hispanic Asian, and 0.1% non-
Hispanic American Indian83.  The average New Yorkers is female (52%) and between the ages 
of 19-64 (61%).  The majority (68%) of people in NYC rent their homes, with the median 
household income being $60,762 and 19% of the population living in poverty. 
 
Areas in and around NYC do contain areas with potential environmental indicators according to 
the EPA’s Environmental Justice Screening Tool EJSCREEN.  These indicators are not 
necessarily surprising for a dense urban area and include diesel exposure, cancer risk, 
respiratory hazard, traffic proximity, lead paint exposure, superfund proximity, hazardous waste 
proximity, and wastewater discharge indicators.  Importantly, many of these areas are distributed 
throughout the city and would not be expected to be disproportionately affected by any of the 
activities in the Proposed Action. 
 
With respect to health effects from particulate simulants, the small quantity of material proposed 
for release in the Proposed Action would result in upper bound concentrations (i.e., next to 
release site) that are well under the established limits by OSHA and ACGIH, as well as existing 
guidelines for nanoscale materials (See Section 3.1.5 Public Health and Safety).  All releases 
would occur on transit vehicles that are not accessible to the public.  In general, however, testing 
in the greater NYC area means testing in an environment that is extremely diverse in terms of 
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land use and demographics.  Of note, the results of this test have the potential to positively 
impact and increase the safety of all public transit riders.  While environmental justice 
communities may be present or reside within the proposed project area, no disproportionately 
high or adverse impacts on low-income or minority populations are anticipated from the 
Preferred Alternative.  Therefore, there would be no significant effects to environmental justice 
communities under the Preferred Alternative. 
 
Under the No Action Alternative, the proposed testing would not occur.  Therefore, there would 
be no changes to the existing socioeconomic environment or any disproportionate high and 
adverse impacts on environmental justice communities.  There would be no significant effects 
under the No Action Alternative.   

3.1.9 Land Use and Infrastructure 
 
Land use refers to classifications that indicate the types of human activity occurring on a parcel 
of land.  A predominant factor affecting land use is compliance with local zoning ordinances.  
Other relevant factors include existing land use and the types of land use on adjacent properties.  
Land use changes occur regularly throughout the U.S. and have potential negative impacts to 
the human environment depending on its classification change and scope.  In some cases, land 
use may have positive impacts to the human environment, such as habitat restoration or 
reclaiming previously contaminated lands for development.  Utilities and infrastructure are crucial 
components of the human environment. 
 
This section describes the potable water supply, sanitary sewer and wastewater treatment, 
stormwater management, electricity and natural gas supply, waste management, and fencing 
and security features at the site. 
 
NYC is an urban environment comprised of residential, commercial, and industrial land use 
classifications with recreational areas such as parks and playgrounds located throughout.  The 
area has been heavy impacted by construction activities and maintains an infrastructure to 
support more than 8 million people.  As the Proposed Project is utilizing existing transportation 
infrastructure and a change of land use is not expected.  The Proposed Action would include 
public transit vehicles that are not in use by the public and would not impact public transportation 
access or use.  While testing material may require the use of an electrical outlet, there would be 
no appreciable increase on the city’s electric system or capacity.  Use of potable water, sanity 
sewer and wastewater infrastructure, natural gas, waste management, or additional security 
would not be required.  Therefore, there would be no significant effects to land use or 
infrastructure under the Preferred Alternative. 
 
Under the No Action Alternative, the proposed testing would not occur.  Therefore, there would 
be no changes to these resources.  There would be no significant effects under the No Action 
Alternative.   



 

26 

Section 4.  Cumulative Effects 
 
This section analyzes the impact to the human environment which results from the incremental 
impact of the Proposed Action Alternative and No Action Alternative when added to other past, 
present, and reasonably foreseeable future actions regardless of what agency (Federal or non-
Federal) or person undertakes such actions.  These cumulative impacts can result from 
individually minor, but collectively significant, actions taking place over a period of time. 
 
There are numerous projects occurring in NYC that may require environmental analysis and 
public input.  Past and ongoing actions in the area would be primarily associated with the 
maintenance of supporting infrastructure such as roadways and utility systems as well as 
residential housing and commercial districts.  It is assumed these actions, in addition to a myriad 
of others including scientific research, development, testing, and evaluation, would continue in 
the future.  Unless within the DHS S&T mission and determined to be a major federal action, 
DHS S&T has no ability to prevent future foreseeable actions due to its limited statutory authority 
for projects that would occur regardless of the Proposed Action. 
 
The impact on the environment which would result from the incremental impact of the Proposed 
Action, or Preferred Alternative, when added to other past, present, and reasonably foreseeable 
future actions have been considered.  Resource areas analyzed include soil resources; water 
resources; biological resources; hazardous waste and materials; cultural and historic resources; 
air quality; noise; human health and safety; socioeconomics and environmental justice; and land 
use and infrastructure.  Due to the selection of preferred test materials, the limited quantity of 
materials to be released, and temporary nature of the Proposed Action, no effects are anticipated 
on noise, water resources (surface water, ground water, floodplains, wetlands), geology, soils or 
topography, vegetation, air quality, biological resources, cultural resources and historic 
properties, socioeconomic; and environmental justice communities.  Land use and the 
infrastructure would not be significantly affected as the proposed testing would not alter any 
existing land use designations and test sites would not be accessible to the public.  By aiding in 
research on the SARS-CoV-2 virus, the Proposed Action would have a beneficial impact on 
human health and safety.  The Proposed Action Alternative would result in no significant 
cumulative effects when considered with other recent past, ongoing, or reasonably foreseeable 
future actions in the project area. 
 
Under the No Action Alternative, the Proposed Action would not occur; therefore; there would 
be no significant cumulative effects. 
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Section 5.  Conclusions and Identification of the Proposed Action 
 
As a result of the information presented within the EA, DHS S&T has determined there would be 
no significant impacts on the environment or human health, nor would there be any significant 
cumulative effects.  The Preferred Alternative (Testing Location and Silica-DNA (P1)) considered 
for the Proposed Action would enable realistic simulant dispersion and highly sensitive and 
specific measurements.  The Preferred Alternative would allow for an evaluation of the 
effectiveness of different measures at reducing simulant levels in the air.  Additionally, P1 was 
selected due to the ease of material production, safety, and prior experience with similar 
materials.  The No Action Alternative would not help to validate current particulate models and 
therefore does not meet the purpose and need of the Proposed Action.   

Section 6.  List of Preparers 
 
Dr. Donald Bansleben 
Program Manager 
Office of Mission Capability and Support 
Science and Technology Directorate 
Department of Homeland Security 
 
Dr. Benjamin Ervin 
Assistant Group Leader, Counter Weapons of Mass Destruction Systems Group 
Massachusetts Institute of Technology Lincoln Laboratory 
 
Dr. Meghan Ramsey 
Technical Staff, Counter Weapons of Mass Destruction Systems Group 
Massachusetts Institute of Technology Lincoln Laboratory 
 
Ms. Janice Crager 
Associate Staff, Counter Weapons of Mass Destruction Systems Group 
Massachusetts Institute of Technology Lincoln Laboratory 
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Section 7.  Persons and Agencies Contacted 
 
Mr. Michael Gemelli 
Manager, Environmental Monitoring & Emergency Response 
Ops Director, NYCT WMD Hazmat Response Team 
Department of Security 
 
Dr. Donald Bansleben 
Program Manager 
Office of Mission Capability and Support 
Science and Technology Directorate 
Department of Homeland Security 
 

Section 8.  List of Stakeholders  
Metropolitan Transportation Authority 
2 Broadway 
New York, NY 10004 
  
Metropolitan Transportation Authority, New York City Transit 
130 Livingston St. 
Brooklyn, NY 11201 
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Appendix A: Safety Data Sheets



 

 
 
 
 

MATERIAL SAFETY DATA SHEET 
 

 

 

 
 

 

 

 
       
 

Section 3 - Hazards Identification 
HMIS RATING 
HEALTH: 1 
FLAMMABILITY: 0 
REACTIVITY: 0 
NFPA RATING 
HEALTH: 0 
FLAMMABILITY: 0 
REACTIVITY: 0 
 

CORPUSCULAR INC 

Date Updated: 08/30/2013 
Version 1.2.1 

MSDS No. SIO-013 

Section 1 - Product and Company Information 

Product Name MICRO PARTICLES BASED ON 
SILICIUM DIOXIDE 

Product Number C-SIO- nn
Brand Corpuscular
Company Corpuscular Inc
Street Address 3590 Route 9 Ste 107
City, State, Zip, Country Cold Sprig NY 10516 USA
Technical Phone: 845 208 7027
Emergency Phone: 845 208 7029
Fax: 845 208 7030

Section 2 - Composition/Information on Ingredient 

Substance Name CAS # SARA 313 
MICRO PARTICLES None No

BASED ON SILICIUM 
DIOXIDE 

Ingredient Name CAS # Percent  SARA 313 
Water 7732-18-5 90-98%

SILICA, AMORPHOUS, 112945-52-5 2-10%
FUMED 
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CORPUSCULAR INC 

For additional information on toxicity, please refer to Section 11. 

Section 4 - First Aid Measures 

ORAL EXPOSURE 
If swallowed, wash out mouth with water provided person is conscious. Call a physician. 

INHALATION EXPOSURE 
If inhaled, remove to fresh air. If breathing becomes difficult, 
call a physician. 

DERMAL EXPOSURE 
In case of contact, immediately wash skin with soap and copious amounts of water. 

EYE EXPOSURE 
In case of contact with eyes, flush with copious amounts of water for at least 15 minutes. 
Assure adequate flushing by separating the eyelids with fingers. Call a physician.  

Section 5 - Fire Fighting Measures 
FLASH POINT 
N/A 

AUTOIGNITION TEMP 
N/A 

FLAMMABILITY 
N/A 

EXTINGUISHING MEDIA 
Suitable: Water spray. Carbon dioxide, dry chemical powder, or appropriate foam. 

FIREFIGHTING 
Protective Equipment: Wear self-contained breathing apparatus and protective clothing to 
prevent contact with skin and eyes. Specific Hazard(s): Emits toxic fumes under fire 
conditions. 

Section 6 - Accidental Release Measures 
 

PROCEDURE(S) OF PERSONAL PRECAUTION(S) 
Exercise appropriate precautions to minimize direct contact with skin or eyes and prevent 
inhalation of vapors. 
 
METHODS FOR CLEANING UP 
Absorb on sand or vermiculite and place in closed containers for disposal. Ventilate area 
and wash spill site after material pickup is complete. 
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CORPUSCULAR INC 

Section 7 - Handling and Storage 

HANDLING 
User Exposure: Avoid inhalation. Avoid contact with eyes, skin, and clothing. Avoid 
prolonged or repeated exposure. 

STORAGE 
Suitable: Keep tightly closed. 
Store at 2-8°C 

Section 8 - Exposure Controls / PPE 

ENGINEERING CONTROLS 
Safety shower and eye bath. Mechanical exhaust required. 

PERSONAL PROTECTIVE EQUIPMENT 
Hand: Protective gloves. 
Eye: Chemical safety goggles. 

GENERAL HYGIENE MEASURES 
Wash thoroughly after handling. 

Section 9 - Physical/Chemical Properties 

Appearance Physical State: Liquid 
Form: Suspension 

Property Value At Temperature or Pressure 
Molecular Weight N/A 
pH  N/A
BP/BP Range N/A 
MP/MP Range N/A 
Freezing Point N/A 
Vapor Pressure N/A 
Vapor Density N/A 
Saturated Vapor Conc N/A 
SG/Density 1.8 - 2 g/cm3 
Bulk Density  N/A 
Odor Threshold N/A 
Volatile% N/A 
VOC Content  N/A 
Water Content N/A 
Solvent Content N/A 
Evaporation Rate N/A 
Viscosity N/A 
Surface Tension N/A 
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CORPUSCULAR INC 

Partition Coefficient N/A 
Decomposition Temp. N/A 
Flash Point N/A 
Explosion Limits  N/A 
Flammability N/A 
Autoignition Temp N/A 
Refractive Index  N/A 
Optical Rotation N/A 
Miscellaneous Data  N/A 
Solubility N/A 

N/A = not available 

Section 10 - Stability and Reactivity 
STABILITY 

Stable: Stable. 
Materials to Avoid: Strong oxidizing agents. 

HAZARDOUS DECOMPOSITION PRODUCTS 
Hazardous Decomposition Products: Nature of decomposition products 
not known. 

HAZARDOUS POLYMERIZATION 
Hazardous Polymerization: Will not occur 

Section 11 - Toxicological Information 

ROUTE OF EXPOSURE 
Skin Contact: May cause skin irritation. 
Skin Absorption: May be harmful if absorbed through the skin. 
Eye Contact: May cause eye irritation. 
Inhalation: May be harmful if inhaled. Material may be 
irritating to mucous membranes and upper respiratory tract. 
Ingestion: May be harmful if swallowed. 

SIGNS AND SYMPTOMS OF EXPOSURE 

To the best of our knowledge, the chemical, physical, and toxicological properties 
have not been thoroughly investigated. 

Section 12 - Ecological Information 

No data available. 

Section 13 - Disposal Considerations 
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CORPUSCULAR INC 

APPROPRIATE METHOD OF DISPOSAL OF SUBSTANCE OR PREPARATION 

Contact a licensed professional waste disposal service to dispose of this material. 
Dissolve or mix the material with a combustible solvent and burn in a chemical 
incinerator equipped with an afterburner and scrubber. Observe all federal, state, 
and local environmental regulations. 

Section 14 - Transport Information 

DOT 
Proper Shipping Name: None 
Non-Hazardous for Transport: This substance is considered to be non-hazardous 
for transport. 

IATA 
Non-Hazardous for Air Transport: Non-hazardous for air transport. 

Section 15 - Regulatory Information 

UNITED STATES REGULATORY INFORMATION 
SARA LISTED: No 

CANADA REGULATORY INFORMATION 
WHMIS Classification: This product has been classified in accordance with the 
hazard criteria of the CPR, and the MSDS contains all the information required by 
the CPR. 
DSL: No 
NDSL: No 

Section 16 - Other Information 

DISCLAIMER 
For R&D use only. Not for drug, household or other uses. 

WARRANTY 
The above information is believed to be correct but does not support to be all 
inclusive and shall be used only as a guide. The information in this document is 
based on the present state of our knowledge and is applicable to the product with 
regard to appropriate safety precautions. It does not represent any guarantee of 
the properties of the product. Sigma-Aldrich Inc., 
shall not be held liable for any damage resulting from handling or from contact with 
the above product. See reverse side of invoice or packing slip for additional terms 
and conditions of sale. 

Copyright 2012 Corpuscular Inc. License granted to make unlimited paper copies 
for internal use only. 
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_____________________________________________________________________________________________ 

SAFETY DATA SHEET 
This safety data sheet was created pursuant to the requirements of: 

OSHA 29 CFR 1910.1200 

Document Type US - OSHA GHS Revision date 25-Nov-2019 Version 5 

1. Identification

Product identifier 

Product name Streptavidin 

Other means of identification 

Product No N7023 

Recommended use of the chemical and restrictions on use 

Recommended use This product is for research and development only 

Restrictions on use No information available 

Details of the supplier of the safety data sheet 

Supplier Address 
New England BioLabs 
240 County Road 
Ipswich, MA 01938 
USA 

Company Phone Number 978-927-5054, 800-632-5227 (toll free)
Telefax 978-921-1350
E-mail address info@neb.com

Emergency  telephone  number  

24  Hour Eme rgency  Phone  Number 978-380-2125 

Product name Streptavidin Page 1 / 8 Product No N7023 
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_____________________________________________________________________________________________ 

_____________________________________________________________________________________________ 

Document Type US - OSHA GHS Revision date 25-Nov-2019 Version 5 

2. Hazard(s) identification 

 Classification 

This chemical is not considered hazardous by the 2012 OSHA Hazard Communication Standard (29 CFR 1910.1200) 

Hazards not otherwise classified (HNOC) 
Not applicable 

Label elements 

Hazard statements 
Not a hazardous substance or mixture according to the Globally Harmonized System (GHS) 

The product contains no substances which at their given concentration, are considered to be hazardous to health. 

Appearance Colorless Physical state Liquid Odor Mild 

Other information 
Not applicable 

Unknown acute toxicity 90 % of the mixture consists of ingredient(s) of unknown toxicity 
90 % of the mixture consists of ingredient(s) of unknown acute oral toxicity 
90 % of the mixture consists of ingredient(s) of unknown acute dermal toxicity 
90 % of the mixture consists of ingredient(s) of unknown acute inhalation toxicity (gas) 
90 % of the mixture consists of ingredient(s) of unknown acute inhalation toxicity (vapor) 
90 % of the mixture consists of ingredient(s) of unknown acute inhalation toxicity (dust/mist) 

3. Composition/information on ingredients 

Substance 

Not applicable. 

Mixture 

The product contains no substances which at their given concentration, are considered to be hazardous to health. 

4. First-aid measures 

Description of first a   id me asures 

Inhalation Remove to fresh air. 

Eye contact Rinse thoroughly with plenty of water for at least 15 minutes, lifting lower and upper eyelids. 
Consult a physician. 

Skin contact Wash skin with soap and water. 

Product name Streptavidin Page 2 / 8 Product No N7023 



         

         

  

          

   

            
 

            

      

   
   

            
    

       

   

        

           

          

   

            

      

           

  

            
        

  

Ingestion Clean mouth with water and drink afterwards plenty of water. 

Most important symptoms and effects, both acute and delayed 

Symptoms No information available. 

Indication of any immediate medical attention and special treatment needed 

Note to physicians Treat symptomatically. 

5. Fire-fighting measures 

Suitable Extinguishing Media Use extinguishing measures that are appropriate to local circumstances and the 
surrounding environment. 

Unsuitable Extinguishing Media CAUTION: Use of water spray when fighting fire may be inefficient. 

Specific hazards arising from the No information available. 
chemical 

Explosion data 
Sensitivity to mechanical impact None. 
Sensitivity to static discharge None. 

Special protective equipment for Firefighters should wear self-contained breathing apparatus and full firefighting turnout 
fire-fighters gear. Use personal protection equipment. 

6. Accidental release measures 

Personal precautions, protective equipment and emergency procedures 

Personal precautions Ensure adequate ventilation. 

Methods and material for containment and cleaning up 

Methods for containment Prevent further leakage or spillage if safe to do so. 

Methods for cleaning up Pick up and transfer to properly labeled containers. 

7. Handling and storage 

Precautions for safe handling 

Advice on safe handling Handle in accordance with good industrial hygiene and safety practice. 

Conditions for safe storage, including any incompatibilities 

Storage Conditions Keep containers tightly closed in a dry, cool and well-ventilated place. 

8. Exposure controls/personal protection 

Control parameters 

Exposure Limits This product, as supplied, does not contain any hazardous materials with occupational 
exposure limits established by the region specific regulatory bodies. 

Appropriate engineering controls 
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Document Type US - OSHA GHS Revision date 25-Nov-2019 Version 5 
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_____________________________________________________________________________________________ 

Document Type US - OSHA GHS Revision date 25-Nov-2019 Version 5 

Engineering controls Showers 
Eyewash stations 
Ventilation systems. 

Individual protection measures, such as personal protective equipment 

Eye/face protection Wear safety glasses with side shields (or goggles). 

Skin and body protection Wear suitable protective clothing. 

Respiratory protection No protective equipment is needed under normal use conditions. If exposure limits are 
exceeded or irritation is experienced, ventilation and evacuation may be required. 

General hygiene considerations Handle in accordance with good industrial hygiene and safety practice. 

9. Physical and chemical properties 

Information on basic physical and chemical properties 
Physical state Liquid 
Appearance Colorless 
Odor Mild 
Odor threshold No information available 

Property Values Remarks•Method 
pH No data available None known 
Melting point / freezing point No data available None known 
Boiling point / boiling range No data available None known 
Flash point No data available None known 
Evaporation rate No data available None known 
Flammability (solid, gas) No data available None known 
Flammability Limit in Air None known 

Upper flammability or explosive No data available 
limits 
Lower flammability or explosive No data available 
limits 

Vapor pressure No data available None known 
Vapor density No data available None known 
Relative density No data available None known 
Water solubility No data available None known 
Solubility in other solvents No data available None known 
Partition coefficient No data available None known 
Autoignition temperature No data available None known 
Decomposition temperature No data available None known 
Kinematic viscosity No data available None known 
Dynamic viscosity No data available None known 

Other information 
Explosive properties No information available 
Oxidizing properties No information available 
Softening point No information available 
Molecular weight No information available 
VOC Content (%) No information available 
Liquid Density No information available 
Bulk density No information available 

10. Stability and reactivity 

Reactivity No information available. 
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Document Type US - OSHA GHS Revision date 25-Nov-2019 Version 5 

Chemical stability Stable under normal conditions. 

Possibility of hazardous reactions None under normal processing. 

Conditions to avoid None known based on information supplied. 

Incompatible materials None known based on information supplied. 

Hazardous decomposition products None known based on information supplied. 

11. Toxicological information 

Information on likely routes of exposure 

Product Information 

Inhalation Specific test data for the substance or mixture is not available. 

Eye contact Specific test data for the substance or mixture is not available. 

Skin contact Specific test data for the substance or mixture is not available. 

Ingestion Specific test data for the substance or mixture is not available. 

Symptoms related to the physical, chemical and toxicological characteristics 

Symptoms No information available. 

Acute toxicity 

Numerical measures of toxicity 

Unknown acute toxicity 90 % of the mixture consists of ingredient(s) of unknown toxicity 
90 % of the mixture consists of ingredient(s) of unknown acute oral toxicity 
90 % of the mixture consists of ingredient(s) of unknown acute dermal toxicity 
90 % of the mixture consists of ingredient(s) of unknown acute inhalation toxicity (gas) 
90 % of the mixture consists of ingredient(s) of unknown acute inhalation toxicity (vapor) 
90 % of the mixture consists of ingredient(s) of unknown acute inhalation toxicity (dust/mist) 

Delayed and immediate effects as well as chronic effects from short and long-term exposure 

Skin corrosion/irritation No information available. 

Serious eye damage/eye irritation No information available. 

Respiratory or skin sensitization No information available. 

Germ cell mutagenicity No information available. 

Carcinogenicity No information available. 

Reproductive toxicity No information available. 

STOT - single exposure No information available. 
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Document Type US - OSHA GHS Revision date 25-Nov-2019 Version 5 

STOT - repeated exposure No information available. 

Aspiration hazard No information available. 

Other adverse effects No information available. 

Interactive effects No information available. 

12. Ecological information 

Ecotoxicity . 

Persistence and degradability 

Bioaccumulation 

No information available. 

There is no data for this product. 

Other adverse effects No information available. 

13. Disposal considerations 

Waste treatment methods 

Waste from residues/unused Dispose of in accordance with local regulations. Dispose of waste in accordance with 
products environmental legislation. 

Contaminated packaging Do not reuse empty containers. 

14. Transport information 

DOT Not regulated 

TDG Not regulated 

MEX Not regulated 

ICAO (air) Not regulated 

IATA Not regulated 

IMDG Not regulated 

RID Not regulated 

ADR Not regulated 

ADN Not regulated 

15. Regulatory information 
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Document Type US - OSHA GHS Revision date 25-Nov-2019 Version 5 

International Inventories 
TSCA -
DSL/NDSL -
EINECS/ELINCS -
ENCS -
IECSC Complies 
KECL -
PICCS -
AICS -

Legend:
 TSCA - United States Toxic Substances Control Act Section 8(b) Inventory
 DSL/NDSL - Canadian Domestic Substances List/Non-Domestic Substances List
 EINECS/ELINCS - European Inventory of Existing Chemical Substances/European List of Notified Chemical Substances
 ENCS - Japan Existing and New Chemical Substances
 IECSC - China Inventory of Existing Chemical Substances
 KECL - Korean Existing and Evaluated Chemical Substances
 PICCS - Philippines Inventory of Chemicals and Chemical Substances
 AICS - Australian Inventory of Chemical Substances 

US Federal Regulations 

SARA 313 
Section 313 of Title III of the Superfund Amendments and Reauthorization Act of 1986 (SARA). This product does not contain any 
chemicals which are subject to the reporting requirements of the Act and Title 40 of the Code of Federal Regulations, Part 372. 

SARA 311/312 Hazard Categories 
Should this product meet EPCRA 311/312 Tier reporting criteria at 40 CFR 370, refer to Section 2 of this SDS for appropriate 
classifications. 

CWA (Clean Water Act) 
This product does not contain any substances regulated as pollutants pursuant to the Clean Water Act (40 CFR 122.21 and 40 
CFR 122.42). 

CERCLA 
This material, as supplied, does not contain any substances regulated as hazardous substances under the Comprehensive 
Environmental Response Compensation and Liability Act (CERCLA) (40 CFR 302) or the Superfund Amendments and 
Reauthorization Act (SARA) (40 CFR 355). There may be specific reporting requirements at the local, regional, or state level 
pertaining to releases of this material. 

US State Regulations 

California Proposition 65 
This product does not contain any Proposition 65 chemicals. 

U.S. State Right-to-Know Regulations 
This product does not contain any substances regulated by state right-to-know regulations 

U.S. EPA Label Information 

EPA Pesticide Registration Number Not applicable 

16. Other information 
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Document Type US - OSHA GHS Revision date 25-Nov-2019 Version 5 

NFPA Health hazards 0 Flammability 0 Instability 0 Special Hazard -
HMIS Health hazards 0 Flammability 0 Physical hazards 0 Personal protection X 

Key or legend to abbreviations and acronyms used in the safety data sheet 

Legend Section 8: EXPOSURE CONTROLS/PERSONAL PROTECTION 
TWA TWA (time-weighted average) STEL 
Ceiling Maximum limit value * 

STEL (Short Term Exposure Limit) 
Skin designation 

Key literature references and sources for data used to compile the SDS 
Agency for Toxic Substances and Disease Registry (ATSDR) 
U.S. Environmental Protection Agency ChemView Database 
European Food Safety Authority (EFSA) 
EPA (Environmental Protection Agency) 
Acute Exposure Guideline Level(s) (AEGL(s)) 
U.S. Environmental Protection Agency Federal Insecticide, Fungicide, and Rodenticide Act 
U.S. Environmental Protection Agency High Production Volume Chemicals 
Food Research Journal 
Hazardous Substance Database 
International Uniform Chemical Information Database (IUCLID) 
Japan GHS Classification 
Australia National Industrial Chemicals Notification and Assessment Scheme (NICNAS) 
NIOSH (National Institute for Occupational Safety and Health) 
National Library of Medicine's ChemID Plus (NLM CIP) 
National Library of Medicine's PubMed database (NLM PUBMED) 
National Toxicology Program (NTP) 
New Zealand's Chemical Classification and Information Database (CCID) 
Organization for Economic Co-operation and Development Environment, Health, and Safety Publications 
Organization for Economic Co-operation and Development High Production Volume Chemicals Program 
Organization for Economic Co-operation and Development Screening Information Data Set 
RTECS (Registry of Toxic Effects of Chemical Substances) 
World Health Organization 

Prepared by Environmental, Health and Safety 
978-927-5054 

Revision date 25-Nov-2019 

Revision note SDS is valid 3 years from revision date. Contact info@neb.com for latest revision. 

Disclaimer 
IMPORTANT: The information in this SDS is provided in good faith based on our knowledge as of the issue date (or 
subsequent revision date, if any), and is to be used only as a guide. This SDS does not constitute a guarantee (express 
or implied) of any kind and we make no warranties or merchantability or fitness for a particular purpose. This information 
relates only to the designated product as shipped and may not be valid if the product is used in combination with any 
other materials or is not used in accordance with our instructions. It is the responsibility of the buyer/user to ensure that 
its activities comply with all applicable governmental requirements. Since conditions of use of the product are not under 
the control of New England Biolabs, it is the duty of the buyer/user to determine the necessary conditions for the safe use 
of the product. New England Biolabs will not be liable for any damages resulting from handling or contact with the 
product. 

End of Safety Data Sheet 
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Safety Data Sheet 

SECTION 1: Identification of the substance/mixture and of the company/undertaking 

Identification of the substance or mixture 

Product code B20656 
Product name D-BIOTIN 50 MM AQUEOUS S 

Company/undertaking identification 

Life Technologies Corporation 
5781 Van Allen Way 
PO Box 6482 
Carlsbad, CA 92008 
+1 760 603 7200 

Life Technologies 
5250 Mainway Drive 
Burlington, ONT 
CANADA L7L 6A4 
800/263-6236 

24 hour Emergency Response: 866-536-0631 
301-431-8585 
Outside of the U.S. +1-301-431-8585 

Country specific Emergency Number (if available): 
CHEMTREC Brazil (Rio De Janeiro) +(55)-2139581449 (português) 

For Research Use Only.Not for use in diagnostic procedures. 

SECTION 2: Hazards identification 

GHS - Classification 

Signal Word 
None 

Health hazards 
Not classified 

Physical hazards 
Not classified 

Hazard Statements 
Not Applicable 

Precautionary Statements 
Not Applicable 

Principle Routes of Exposure 
Potential Health Effects 

eyes May cause eye irritation with susceptible persons. 

Revision date 16-Dec-2015 Page 1 / 5 
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Skin May cause skin irritation in susceptible persons. 
inhalation May be harmful by inhalation. 
Ingestion May be harmful if swallowed. 

Specific effects 
Carcinogenic effects None. 
Mutagenic effects None. 
Reproductive toxicity None. 
Sensitization None. 

Target Organ Effects No known effects under normal use conditions. 

HMIS 
Health 0 

Flammability 0 
Reactivity 0 

SECTION 3: Composition/information on ingredients 

The product contains no substances which at their given concentration, are considered to be hazardous to health. 

SECTION 4: First aid measures 

Skin contact Rinse cautiously with water for several minutes. Immediate medical attention is not 
required. 

Eye contact Rinse cautiously with water for several minutes. Remove contact lenses, if present 
and easy to do. 

Ingestion Not expected to present a significant ingestion hazard under anticipated conditions 
of normal use. If you feel unwell, seek medical advice. 

inhalation Not expected to be an inhalation hazard under anticipated conditions of normal 
use of this material. Consult a physician if necessary. 

Most important symptoms and effects, both acute and delayed 
Not Applicable 

Notes to Physician Treat symptomatically. 

SECTION 5: Firefighting measures 

Suitable extinguishing media Water spray. Carbon dioxide (CO2). Foam. Dry chemical. 
Special protective equipment for firefighters Standard procedure for chemical fires. 
Specific hazards arising from the chemical Not known 

SECTION 6: Accidental release measures 

Personal precautions Always wear reccommended Personal Protective Equipment. Use personal 
protection equipment. 

Methods for cleaning up Soak up with inert absorbent material. 

Environmental precautions 

No special environmental precautions required. 
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See Section 12 for more information. 

SECTION 7: Handling and storage 

Handling Always wear reccommended Personal Protective Equipment. No special handling 
advices are necessary. 

Storage Keep in a dry, cool and well-ventilated place. 

SECTION 8: Exposure controls/personal protection 

Exposure Limits 

We are not aware of any national exposure limit. 

Engineering measures Ensure adequate ventilation, especially in confined areas. 

Personal Protective Equipment 
Personal Protective Equipment requirements are dependent on the user institution's risk assessment and are specific 
to the risk assessment for each laboratory where this material may be used. 

Respiratory protection In case of insufficient ventilation, wear suitable respiratory equipment. 

Hand protection Impervious gloves. 
Eye protection Wear safety glasses with side shields (or goggles). 
Skin and Body Protection Lightweight protective clothing. 
Hygiene measures Handle in accordance with good industrial hygiene and safety practice. 

Environmental exposure No special environmental precautions required. 
controls 

SECTION 9: Physical and chemical properties 

General information 

Form Liquid 
Appearance No data available 
Odor No data available 
Odor Threshold No data available 
Boiling point / boiling range °C No data available °F No data available 
Melting point / melting range °C No data available °F No data available 
flash point °C No data available °F No data available 
Autoignition Temperature °C No data available °F No data available 
Evaporation rate No data available 
Flammability (solid, gas) No data available 
Oxidizing properties No data available 
Water solubility No data available 
Upper explosion limit No data available 
Lower explosion limit No data available 

Partition coefficient: No data available 
n-octanol/water 
Vapor Pressure No data available 
vapor density No data available 
Viscosity No data available 
pH value No data available 
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SECTION 10: Stability and reactivity 

Stability Stable  under  normal co nditions. 

Materials to avoid No  dangerous  reaction  known  under  conditions  of  normal u se. 

Possibility  of  hazardous Hazardous reaction has not been reported 
reactions 

Hazardous  decomposition None under normal use conditions. 
products 

polymerization Hazardous  polymerization  does  not  occur. 

Conditions  to  avoid None under normal processing. 

SECTION 11: Toxicological information 

Acute Toxicity 

No toxicology information is available. 

Principle Routes of Exposure 
Potential Health Effects 

eyes May cause eye irritation with susceptible persons. 
Skin May cause skin irritation in susceptible persons. 
inhalation May be harmful by inhalation. 
Ingestion May be harmful if swallowed. 

Carcinogenic effects None. 
Mutagenic effects None. 
Reproductive toxicity None. 
Sensitization None. 

SECTION 12: Ecological information 

Ecotoxicity Contains no substances known to be hazardous to the environment or not 
degradable in waste water treatment plants. 

Mobility No information available. 
Biodegradation Inherently biodegradable. 
Bioaccumulation Material does not bioaccumulate. 

SECTION 13: Disposal considerations 

Dispose of contents/containers in accordance with local regulations. 

SECTION 14: Transport information 

IATA 
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Proper Shipping Name No dangerous good in sense of these transport regulations 
Hazard Class None 
Subsidiary class None 
Packing group None 
UN-No None 
Environmental hazards None 

SECTION 15: Regulatory information 

US Federal Regulations 

SARA 313 
This product is not regulated by SARA. 

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61) 
This product does not contains HAPs. 

US State Regulations 

California Proposition 65 
This product does not contain any Proposition 65 chemicals. 

WHMIS Hazard Class 
Non-controlled 

This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations (CPR) and the 
MSDS contains all the information required by the CPR. 

SECTION 16: Other information 

Reason for revision SDS sections updated. 

For Research Use Only.Not for use in diagnostic procedures. 

"The above information was acquired by diligent search and/or investigation and the recommendations are based on 
prudent application of professional judgment. The information shall not be taken as being all inclusive and is to be 
used only as a guide. All materials and mixtures may present unknown hazards and should be used with caution. 
Since the Company cannot control the actual methods, volumes, or conditions of use, the Company shall not be held 
liable for any damages or losses resulting from the handling or from contact with the product as described herein. 
THE INFORMATION IN THIS SDS DOES NOT CONSTITUTE A WARRENTY, EXPRESSED OR IMPLIED, 
INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PUPOSE" 

End of Safety Data Sheet 
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Version 6.6
SAFETY DATA SHEET Revision Date 01/15/2020 

Print Date 08/29/2020 

SECTION 1: Identification of the substance/mixture and of the company/undertaking 

1.1 Product identifiers 

Product name : Glycerol 

Product Number : G5516 

Brand : Sigma 

CAS-No. : 56-81-5 

1.2 Relevant identified uses of the substance or mixture and uses advised against 

Identified uses : Laboratory chemicals, Synthesis of substances 

1.3 Details of the supplier of the safety data sheet 

Company : Sigma-Aldrich Inc. 

3050 Spruce Street 

ST. LOUIS MO  63103 

UNITED STATES 

Telephone : +1 314 771-5765 

Fax : +1 800 325-5052 

1.4 Emergency telephone number 

Emergency Phone # : 800-424-9300 CHEMTREC (USA) +1-703-

527-3887 CHEMTREC (International) 24 

Hours/day; 7 Days/week 

SECTION 2: Hazards identification 

2.1 Classification of the substance or mixture 

Not a hazardous substance or mixture. 

2.2 GHS Label elements, including precautionary statements 

Not a hazardous substance or mixture. 

2.3 Hazards not otherwise classified (HNOC) or not covered by GHS - none 

SECTION 3: Composition/information on ingredients 

3.1 Substances 

Synonyms : 1,2,3-Propanetriol 

Glycerin 

Sigma - G5516 Page 1 of 9 
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Formula : C3H8O3 

Molecular weight : 92.09 g/mol 

CAS-No. : 56-81-5 

EC-No. : 200-289-5 

Component Classification Concentration 

Glycerol 

<= 100 % 

SECTION 4: First aid measures 

4.1 Description of first aid measures 

General advice 

Move out of dangerous area. 

If inhaled 

If breathed in, move person into fresh air. If not breathing, give artificial respiration. 

In case of skin contact 

Wash off with soap and plenty of water. 

In case of eye contact 

Flush eyes with water as a precaution. 

If swallowed 

Never give anything by mouth to an unconscious person. Rinse mouth with water. 

4.2 Most important symptoms and effects, both acute and delayed 

The most important known symptoms and effects are described in the labelling (see section 

2.2) and/or in section 11 

4.3 Indication of any immediate medical attention and special treatment needed 

No data available 

SECTION 5: Firefighting measures 

5.1 Extinguishing media 

Suitable extinguishing media 

Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide. 

5.2 Special hazards arising from the substance or mixture 

Carbon oxides 

5.3 Advice for firefighters 

Wear self-contained breathing apparatus for firefighting if necessary. 

5.4 Further information 

No data available 
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SECTION 6: Accidental release measures 

6.1 Personal precautions, protective equipment and emergency procedures 

Avoid breathing vapours, mist or gas. 

For personal protection see section 8. 

6.2 Environmental precautions 

No special environmental precautions required. 

6.3 Methods and materials for containment and cleaning up 

Keep in suitable, closed containers for disposal. 

6.4 Reference to other sections 

For disposal see section 13. 

SECTION 7: Handling and storage 

7.1 Precautions for safe handling 

For precautions see section 2.2. 

7.2 Conditions for safe storage, including any incompatibilities 

Keep container tightly closed in a dry and well-ventilated place. 

hygroscopic 

Storage class (TRGS 510): 10: Combustible liquids 

7.3 Specific end use(s) 

Apart from the uses mentioned in section 1.2 no other specific uses are stipulated 

SECTION 8: Exposure controls/personal protection 

8.1 Control parameters 

Components with workplace control parameters 

Component CAS-No. Value Control 

parameters 

Basis 

Glycerol 56-81-5 TWA 5 mg/m3 USA. Occupational Exposure 

Limits (OSHA) - Table Z-1 

Limits for Air Contaminants 

TWA 15 mg/m3 USA. Occupational Exposure 

Limits (OSHA) - Table Z-1 

Limits for Air Contaminants 

PEL 10 mg/m3 California permissible exposure 

limits for chemical 

contaminants (Title 8, Article 

107) 

PEL 5 mg/m3 California permissible exposure 

limits for chemical 

contaminants (Title 8, Article 

107) 

Remarks The concentration and percentage of the particulate used 

for this limit are determined from the fraction passing a size 
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selector with the following characteristics: Aerodynamic 

Diameter in Micrometers (unit density sphere)................. 

Percent Passing Selector 0 

.................................................. 100 1 

.................................................. 97 2 

.................................................. 91 3 

................................................... 74  4 

................................................... 50  5 

................................................... 30  6 

................................................... 17 7 

................................................... 9 8 

................................................... 5 10 

.................................................... 1 

See Appendix D - Substances with No Established RELs 

8.2 Exposure controls 

Appropriate engineering controls 

General industrial hygiene practice. 

Personal protective equipment 

Eye/face protection 

Use equipment for eye protection tested and approved under appropriate 

government standards such as NIOSH (US) or EN 166(EU). 

Skin protection 

Handle with gloves. Gloves must be inspected prior to use. Use proper glove 

removal technique (without touching glove's outer surface) to avoid skin contact 

with this product. Dispose of contaminated gloves after use in accordance with 

applicable laws and good laboratory practices. Wash and dry hands. 

Full contact 

Material: Nitrile rubber 

Minimum layer thickness: 0.11 mm 

Break through time: 480 min 

Material tested:Dermatril® (KCL 740 / Aldrich Z677272, Size M) 

Splash contact 

Material: Nitrile rubber 

Minimum layer thickness: 0.11 mm 

Break through time: 480 min 

Material tested:Dermatril® (KCL 740 / Aldrich Z677272, Size M) 

data source: KCL GmbH, D-36124 Eichenzell, phone +49 (0)6659 87300, e-mail 

sales@kcl.de, test method: EN374 

If used in solution, or mixed with other substances, and under conditions which 

differ from EN 374, contact the supplier of the CE approved gloves. This 

recommendation is advisory only and must be evaluated by an industrial hygienist 

and safety officer familiar with the specific situation of anticipated use by our 

customers. It should not be construed as offering an approval for any specific use 

scenario. 

Body Protection 

Impervious clothing, The type of protective equipment must be selected according 

to the concentration and amount of the dangerous substance at the specific 

workplace. 
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Respiratory protection 

Respiratory protection not required. For nuisance exposures use type OV/AG (US) or 

type ABEK (EU EN 14387) respirator cartridges. Use respirators and components 

tested and approved under appropriate government standards such as NIOSH (US) 

or CEN (EU). 

Control of environmental exposure 

No special environmental precautions required. 

SECTION 9: Physical and chemical properties 

9.1 Information on basic physical and chemical properties 

a) Appearance Form: viscous 

Colour: clear 

b) Odour odourless 

c) Odour Threshold No data available 

d) pH 5.5 - 8 

e) Melting Melting point/range: 20 °C (68 °F) 

point/freezing point 

f) Initial boiling point 182 °C 360 °F at 27 hPa 

and boiling range 

g) Flash point 199 °C (390 °F) at ca.1013.0 hPa - Pensky-Martens closed cup 

h) Evaporation rate No data available 

i) Flammability (solid, No data available 

gas) 

j) Upper/lower Upper explosion limit: 19 %(V) at 1013 hPa 

flammability or Lower explosion limit: 2.7 %(V) at 1013 hPa 

explosive limits 

k) Vapour pressure 0.004 hPa at 50 °C (122 °F) 

0.260 hPa at 100 °C(212 °F) 

5.7 hPa at 150 °C(302 °F) 

l) Vapour density 3.18 - (Air = 1.0) 

m) Relative density 1.25 g/mL 

n) Water solubility miscible 

o) Partition coefficient: log Pow: -1.75 at 25 °C (77 °F) 

n-octanol/water 

p) Auto-ignition 370 °C (698 °F) 

temperature 

q) Decomposition No data available 

temperature 

r) Viscosity No data available 

s) Explosive properties No data available 

t) Oxidizing properties No data available 

9.2 Other safety information 

Surface tension ca.63.4 mN/m at 20 °C (68 °F) 
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Relative vapour 3.18 - (Air = 1.0) 

density 

SECTION 10: Stability and reactivity 

10.1 Reactivity 

No data available 

10.2 Chemical stability 

Stable under recommended storage conditions. 

10.3 Possibility of hazardous reactions 

No data available 

10.4 Conditions to avoid 

No data available 

10.5 Incompatible materials 

Strong oxidizing agents 

10.6 Hazardous decomposition products 

Hazardous decomposition products formed under fire conditions. - Carbon oxides 

Other decomposition products - No data available 

In the event of fire: see section 5 

SECTION 11: Toxicological information 

11.1 Information on toxicological effects 

Acute toxicity 

LD50 Oral - Rat - 27,200 mg/kg 

Remarks: (ECHA) 

Inhalation: No data available 

LD50 Dermal - Rabbit - > 10,000 mg/kg 

No data available 

Skin corrosion/irritation 

Serious eye damage/eye irritation 

(ECHA) 

Respiratory or skin sensitisation 

No data available 

Germ cell mutagenicity 

No data available 

No data available 

Carcinogenicity 

IARC: No component of this product present at levels greater than or equal to 0.1% is 

identified as probable, possible or confirmed human carcinogen by IARC. 

NTP: No component of this product present at levels greater than or equal to 0.1% is 

identified as a known or anticipated carcinogen by NTP. 

OSHA: No component of this product present at levels greater than or equal to 0.1% is 

on OSHA’s list of regulated carcinogens. 
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Reproductive toxicity 

No data available 

Specific target organ toxicity - single exposure 

No data available 

Specific target organ toxicity - repeated exposure 

No data available 

Aspiration hazard 

No data available 

Additional Information 

RTECS: MA8050000 

To the best of our knowledge, the chemical, physical, and toxicological properties have not 

been thoroughly investigated. 

Kidney - Irregularities - Based on Human Evidence 

Kidney - Irregularities - Based on Human Evidence 

SECTION 12: Ecological information 

12.1 Toxicity 

Toxicity to fish static test LC50 - Oncorhynchus mykiss (rainbow trout) - 54,000 

mg/l - 96 h 

Remarks: (ECHA) 

Toxicity to daphnia Remarks: No data available(Glycerol) 

and other aquatic 

invertebrates 

Toxicity to algae Remarks: No data available(Glycerol) 

12.2 Persistence and degradability 

Biodegradability aerobic - Exposure time 2 d 

Result: 90 % - Readily biodegradable. 

Remarks: (ECHA) 

12.3 Bioaccumulative potential 

No data available 

12.4 Mobility in soil 

No data available 

12.5 Results of PBT and vPvB assessment 

PBT/vPvB assessment not available as chemical safety assessment not required/not 

conducted 

12.6 Other adverse effects 

No data available 

SECTION 13: Disposal considerations 

13.1 Waste treatment methods 

Product 

Offer surplus and non-recyclable solutions to a licensed disposal company. 
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Contaminated packaging 

Dispose of as unused product. 

SECTION 14: Transport information 

DOT (US) 

Not dangerous goods 

IMDG 

Not dangerous goods 

IATA 

Not dangerous goods 

SECTION 15: Regulatory information 

SARA 302 Components 

No chemicals in this material are subject to the reporting requirements of SARA Title III, 

Section 302. 

SARA 313 Components 

This material does not contain any chemical components with known CAS numbers that 

exceed the threshold (De Minimis) reporting levels established by SARA Title III, Section 

313. 

SARA 311/312 Hazards 

Chronic Health Hazard 

Massachusetts Right To Know Components 

No components are subject to the Massachusetts Right to Know Act. 

Pennsylvania Right To Know Components 

Glycerol CAS-No. Revision Date 

56-81-5 2007-03-01 

SECTION 16: Other information 

Further information 

Copyright 2020 Sigma-Aldrich Co. LLC. License granted to make unlimited paper copies 

for internal use only. 

The above information is believed to be correct but does not purport to be all inclusive 

and shall be used only as a guide. The information in this document is based on the 

present state of our knowledge and is applicable to the product with regard to 

appropriate safety precautions. It does not represent any guarantee of the properties of 

the product. Sigma-Aldrich Corporation and its Affiliates shall not be held liable for any 

damage resulting from handling or from contact with the above product. See 

www.sigma-aldrich.com and/or the reverse side of invoice or packing slip for additional 

terms and conditions of sale. 
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The branding on the header and/or footer of this document may temporarily not visually 

match the product purchased as we transition our branding. However, all of the 

information in the document regarding the product remains unchanged and matches the 

product ordered. For further information please contact mlsbranding@sial.com. 

Version: 6.6 Revision Date: 01/15/2020 Print Date: 08/29/2020 
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Version 6.4
SAFETY DATA SHEET Revision Date 01/15/2020 

Print Date 08/29/2020 

SECTION 1: Identification of the substance/mixture and of the company/undertaking 

1.1 Product identifiers 

Product name : Sodium chloride 

Product Number : S9888 

Brand : SIGALD 

CAS-No. : 7647-14-5 

1.2 Relevant identified uses of the substance or mixture and uses advised against 

Identified uses : Laboratory chemicals, Synthesis of substances 

1.3 Details of the supplier of the safety data sheet 

Company : Sigma-Aldrich Inc. 

3050 Spruce Street 

ST. LOUIS MO  63103 

UNITED STATES 

Telephone : +1 314 771-5765 

Fax : +1 800 325-5052 

1.4 Emergency telephone number 

Emergency Phone # : 800-424-9300 CHEMTREC (USA) +1-703-

527-3887 CHEMTREC (International) 24 

Hours/day; 7 Days/week 

SECTION 2: Hazards identification 

2.1 Classification of the substance or mixture 

Not a hazardous substance or mixture. 

2.2 GHS Label elements, including precautionary statements 

Not a hazardous substance or mixture. 

2.3 Hazards not otherwise classified (HNOC) or not covered by GHS - none 

SECTION 3: Composition/information on ingredients 

3.1 Substances 

Formula : ClNa 

Molecular weight : 58.44 g/mol 

CAS-No. : 7647-14-5 

EC-No. : 231-598-3 
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No components need to be disclosed according to the applicable regulations. 

SECTION 4: First aid measures 

4.1 Description of first aid measures 

If inhaled 

If breathed in, move person into fresh air. If not breathing, give artificial respiration. 

In case of skin contact 

Wash off with soap and plenty of water. 

In case of eye contact 

Flush eyes with water as a precaution. 

If swallowed 

Never give anything by mouth to an unconscious person. Rinse mouth with water. 

4.2 Most important symptoms and effects, both acute and delayed 

The most important known symptoms and effects are described in the labelling (see section 

2.2) and/or in section 11 

4.3 Indication of any immediate medical attention and special treatment needed 

No data available 

SECTION 5: Firefighting measures 

5.1 Extinguishing media 

Suitable extinguishing media 

Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide. 

5.2 Special hazards arising from the substance or mixture 

Hydrogen chloride gas, Sodium oxides 

5.3 Advice for firefighters 

Wear self-contained breathing apparatus for firefighting if necessary. 

5.4 Further information 

No data available 

SECTION 6: Accidental release measures 

6.1 Personal precautions, protective equipment and emergency procedures 

Avoid dust formation. Avoid breathing vapours, mist or gas. 

For personal protection see section 8. 

6.2 Environmental precautions 

Do not let product enter drains. 

6.3 Methods and materials for containment and cleaning up 

Sweep up and shovel. Keep in suitable, closed containers for disposal. 

6.4 Reference to other sections 

For disposal see section 13. 
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SECTION 7: Handling and storage 

7.1 Precautions for safe handling 

Further processing of solid materials may result in the formation of combustible dusts. The 

potential for combustible dust formation should be taken into consideration before 

additional processing occurs. 

Provide appropriate exhaust ventilation at places where dust is formed. 

For precautions see section 2.2. 

7.2 Conditions for safe storage, including any incompatibilities 

Keep container tightly closed in a dry and well-ventilated place. 

Storage class (TRGS 510): 13: Non Combustible Solids 

7.3 Specific end use(s) 

Apart from the uses mentioned in section 1.2 no other specific uses are stipulated 

SECTION 8: Exposure controls/personal protection 

8.1 Control parameters 

Components with workplace control parameters 

Contains no substances with occupational exposure limit values. 

8.2 Exposure controls 

Appropriate engineering controls 

General industrial hygiene practice. 

Personal protective equipment 

Eye/face protection 

Use equipment for eye protection tested and approved under appropriate 

government standards such as NIOSH (US) or EN 166(EU). 

Skin protection 

Handle with gloves. Gloves must be inspected prior to use. Use proper glove 

removal technique (without touching glove's outer surface) to avoid skin contact 

with this product. Dispose of contaminated gloves after use in accordance with 

applicable laws and good laboratory practices. Wash and dry hands. 

Full contact 

Material: Nitrile rubber 

Minimum layer thickness: 0.11 mm 

Break through time: 480 min 

Material tested:Dermatril® (KCL 740 / Aldrich Z677272, Size M) 

Splash contact 

Material: Nitrile rubber 

Minimum layer thickness: 0.11 mm 

Break through time: 480 min 

Material tested:Dermatril® (KCL 740 / Aldrich Z677272, Size M) 

data source: KCL GmbH, D-36124 Eichenzell, phone +49 (0)6659 87300, e-mail 

sales@kcl.de, test method: EN374 

If used in solution, or mixed with other substances, and under conditions which 

differ from EN 374, contact the supplier of the CE approved gloves. This 

recommendation is advisory only and must be evaluated by an industrial hygienist 
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and safety officer familiar with the specific situation of anticipated use by our 

customers. It should not be construed as offering an approval for any specific use 

scenario. 

Body Protection 

Choose body protection in relation to its type, to the concentration and amount of 

dangerous substances, and to the specific work-place., The type of protective 

equipment must be selected according to the concentration and amount of the 

dangerous substance at the specific workplace. 

Respiratory protection 

Respiratory protection is not required. Where protection from nuisance  levels of 

dusts are desired, use type N95 (US) or type P1 (EN 143) dust masks. Use 

respirators and components tested and approved under appropriate government 

standards such as NIOSH (US) or CEN (EU). 

Control of environmental exposure 

Do not let product enter drains. 

SECTION 9: Physical and chemical properties 

9.1 Information on basic physical and chemical properties 

a) Appearance Form: solid 

Colour: colourless 

b) Odour No data available 

c) Odour Threshold No data available 

d) pH 7 

e) Melting Melting point/range: 801 °C (1474 °F) 

point/freezing point 

f) Initial boiling point 1,413 °C 2,575 °F 

and boiling range 

g) Flash point ()No data available 

h) Evaporation rate No data available 

i) Flammability (solid, No data available 

gas) 

j) Upper/lower No data available 

flammability or 

explosive limits 

k) Vapour pressure 1.33 hPa at 865 °C (1589 °F) 

l) Vapour density No data available 

m) Relative density 2.1650 g/cm3 

n) Water solubility 358 g/l at 20 °C (68 °F) - soluble 

o) Partition coefficient: No data available 

n-octanol/water 

p) Auto-ignition No data available 

temperature 

q) Decomposition No data available 

temperature 
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r) Viscosity No data available 

s) Explosive properties No data available 

t) Oxidizing properties No data available 

9.2 Other safety information 

No data available 

SECTION 10: Stability and reactivity 

10.1 Reactivity 

No data available 

10.2 Chemical stability 

Stable under recommended storage conditions. 

10.3 Possibility of hazardous reactions 

No data available 

10.4 Conditions to avoid 

No data available 

10.5 Incompatible materials 

Strong oxidizing agents 

10.6 Hazardous decomposition products 

Hazardous decomposition products formed under fire conditions. - Hydrogen chloride gas, 

Sodium oxides 

Other decomposition products - No data available 

In the event of fire: see section 5 

SECTION 11: Toxicological information 

11.1 Information on toxicological effects 

Acute toxicity 

No data available 

LC50 Inhalation - Rat - 1 h - > 42 mg/l 

Remarks: (RTECS) 

LD50 Dermal - Rabbit - > 10,000 mg/kg 

Remarks: (RTECS) 

No data available 

Skin corrosion/irritation 

Skin - Rabbit 

Result: No skin irritation 

Remarks: (ECHA) 

Serious eye damage/eye irritation 

No data available 

Respiratory or skin sensitisation 

No data available 

Germ cell mutagenicity 

Animal testing did not show any mutagenic effects. 

OECD Test Guideline 475 
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SECTION  12:  Ecological  information  

12.1  Toxicity  
 
Toxicity to fish  flow-through test  LC50  - Lepomis macrochirus (Bluegill)  - 5,840 mg/l   

- 96 h  

Remarks: (ECHA)  
 
Toxicity to daphnia static test  LC50  - Daphnia magna (Water flea)  - 4,136 mg/l   - 48 h  

and other aquatic (OECD Test Guideline 202)  

invertebrates  

    

 

  

 

    

 

Rat - female - Bone marrow 

Result: positive 

Carcinogenicity 

Did not show carcinogenic effects in animal experiments. 

IARC: No component of this product present at levels greater than or equal to 0.1% is 

identified as probable, possible or confirmed human carcinogen by IARC. 

ACGIH: No component of this product present at levels greater than or equal to 0.1% is 

identified as a carcinogen or potential carcinogen by ACGIH. 

NTP: No component of this product present at levels greater than or equal to 0.1% is 

identified as a known or anticipated carcinogen by NTP. 

OSHA: No component of this product present at levels greater than or equal to 0.1% is 

on OSHA’s list of regulated carcinogens. 

Reproductive toxicity 

Did not show teratogenic effects in animal experiments. 

No impairment of reproductive performance suspected. 

Specific target organ toxicity - single exposure 

No data available 

Specific target organ toxicity - repeated exposure 

No data available 

Aspiration hazard 

No data available 

Additional Information 

RTECS: VZ4725000 

Vomiting, Diarrhoea, Dehydration and congestion may occur in internal organs. Hypertonic 

salt solutions can produce inflammatory reactions in the gastrointestinal tract., Nausea 

To the best of our knowledge, the chemical, physical, and toxicological properties have not 

been thoroughly investigated. 

12.2 Persistence and degradability 

The methods for determining the biological degradability are not applicable to inorganic 

substances. 

12.3 Bioaccumulative potential 

No data available 

12.4 Mobility in soil 

No data available 
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12.5 Results of PBT and vPvB assessment 

PBT/vPvB assessment not available as chemical safety assessment not required/not 

conducted 

12.6 Other adverse effects 

Discharge into the environment must be avoided. 

SECTION 13: Disposal considerations 

13.1 Waste treatment methods 

Product 

Offer surplus and non-recyclable solutions to a licensed disposal company. 

Contaminated packaging 

Dispose of as unused product. 

SECTION 14: Transport information 

DOT (US) 

Not dangerous goods 

IMDG 

Not dangerous goods 

IATA 

Not dangerous goods 

SECTION 15: Regulatory information 

SARA 302 Components 

No chemicals in this material are subject to the reporting requirements of SARA Title III, 

Section 302. 

SARA 313 Components 

This material does not contain any chemical components with known CAS numbers that 

exceed the threshold (De Minimis) reporting levels established by SARA Title III, Section 

313. 

SARA 311/312 Hazards 

No SARA Hazards 

Massachusetts Right To Know Components 

No components are subject to the Massachusetts Right to Know Act. 

Pennsylvania Right To Know Components 

Sodium chloride CAS-No. Revision Date 

7647-14-5 

New Jersey Right To Know Components 

Sodium chloride CAS-No. Revision Date 

7647-14-5 
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California Prop. 65 Components 

This product does not contain any chemicals known to State of California to cause cancer, 

birth defects, or any other reproductive harm. 

SECTION 16: Other information 

Further information 

Copyright 2020 Sigma-Aldrich Co. LLC. License granted to make unlimited paper copies 

for internal use only. 

The above information is believed to be correct but does not purport to be all inclusive 

and shall be used only as a guide. The information in this document is based on the 

present state of our knowledge and is applicable to the product with regard to 

appropriate safety precautions. It does not represent any guarantee of the properties of 

the product. Sigma-Aldrich Corporation and its Affiliates shall not be held liable for any 

damage resulting from handling or from contact with the above product. See 

www.sigma-aldrich.com and/or the reverse side of invoice or packing slip for additional 

terms and conditions of sale. 

The branding on the header and/or footer of this document may temporarily not visually 

match the product purchased as we transition our branding. However, all of the 

information in the document regarding the product remains unchanged and matches the 

product ordered. For further information please contact mlsbranding@sial.com. 

Version: 6.4 Revision Date: 01/15/2020 Print Date: 08/29/2020 
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SAFETY DATA SHEET 
Santa Cruz Biotechnology, Inc. 

Revision date 03-Nov-2015 
Version 1 

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE COMPANY/UNDERTAKING 

Product identifier 
Product Name Fluorescent Brightener 220, Technical grade 
Product Code SC-498917 

Recommended use of the chemical and restrictions on use 
For research use only. Not intended for diagnostic or therapeutic use. 

Details of the supplier of the safety data sheet Emergency telephone number 
Santa Cruz Biotechnology, Inc. Chemtrec 
10410 Finnell Street 1.800.424.9300 (Within USA) 
Dallas, TX 75220 +1.703.527.3887 (Outside USA) 
831.457.3800 
800.457.3801 
scbt@scbt.com 

2. HAZARDS IDENTIFICATION 

This chemical is not considered hazardous by the 2012 OSHA Hazard Communication Standard (29 CFR 1910.122). 

Classification 
Not a dangerous substance or mixture according to the Globally Harmonized System (GHS) 

Label elements 
Signal word Not classified 
Hazard statements 

Symbols/Pictograms Not classified 

Precautionary Statements - Prevention Wash hands thoroughly after handling 
Precautionary Statements - Response IF exposed or concerned: Get medical advice/attention 

Hazards not otherwise classified (HNOC) 
Hazards not otherwise classified (HNOC) Not applicable 

Other Information 

NFPA Health hazards - HMIS Health hazards -
Flammability - Flammability -
Stability - Physical hazards -
Physical and chemical - Personal protection -
properties 

3. COMPOSITION/INFORMATION ON INGREDIENTS 

CAS No 16470-24-9 
Molecular Weight 1165.03 
Formula C40H40N12O16S4•4Na 

Chemical Name CAS No Weight % Oral LD50 Dermal LD50 Inhalation LC50 
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SC-498917 - Fluorescent Brightener 220, Technical grade Revision date 03-Nov-2015 

Fluorescent Brightener 220, 
Technical grade 

16470-24-9 >98 = 5300 mg/kg ( Rat ) > 4 mL/kg ( Rat ) -

4. FIRST AID MEASURES 

First Aid Measures 
General advice Consult a physician if necessary. Remove to fresh air. 
Eye contact Wash with plenty of water. 
Skin Contact Wash skin with soap and water. 
Inhalation Remove to fresh air If breathing is difficult, give oxygen If not breathing, give artificial 

respiration 
Ingestion Never give anything by mouth to an unconscious person. Clean mouth with water. 

Most important symptoms and effects, both acute and delayed 
Symptoms No information available. 

Indication of any immediate medical attention and special treatment needed 
Note to physicians Treat symptomatically. 

5. FIRE-FIGHTING MEASURES 

Suitable Extinguishing Media 
Suitable Extinguishing Media Use extinguishing measures that are appropriate to local circumstances and the 

surrounding environment. 
Unsuitable Extinguishing Media None. 

Specific hazards arising from the chemical 
Specific hazards arising from the Thermal decomposition can lead to release of toxic/corrosive gases and vapors. 
chemical 
Hazardous combustion products Hydrogen sulfide. Nitrogen oxides (NOx). Phosgene. 

Explosion data 
Sensitivity to Mechanical Impact No information available. 
Sensitivity to Static Discharge No information available. 

Protective equipment and precautions for firefighters 
Protective equipment and precautions As in any fire, wear self-contained breathing apparatus pressure-demand, MSHA/NIOSH 
for firefighters (approved or equivalent) and full protective gear. 

6. ACCIDENTAL RELEASE MEASURES 

Personal precautions, protective equipment and emergency procedures 
Personal precautions Ensure adequate ventilation, especially in confined areas. 

Environmental precautions 
Environmental precautions See Section 12 for additional Ecological Information. 

Methods and material for containment and cleaning up 
Methods for containment Prevent further leakage or spillage if safe to do so. 
Methods for cleaning up Use personal protective equipment as required. Cover powder spill with plastic sheet or tarp 

to minimize spreading and keep powder dry. Take up mechanically, placing in appropriate 
containers for disposal. Avoid creating dust. Clean contaminated surface thoroughly. 
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SC-498917 - Fluorescent Brightener 220, Technical grade Revision date 03-Nov-2015 

7. HANDLING AND STORAGE 

Precautions for safe handling 
Advice on safe handling Thermal decomposition can lead to release of toxic/corrosive gases and vapors. 

Conditions for safe storage, including any incompatibilities 
Storage Conditions Keep containers tightly closed in a dry, cool and well-ventilated place. Store at room 

temperature. 
Incompatible materials None known based on information supplied. 

8. EXPOSURE CONTROLS/PERSONAL PROTECTION 

Control parameters 
Exposure Guidelines This product, as supplied, does not contain any hazardous materials with occupational 

exposure limits established by the region specific regulatory bodies. 

Appropriate engineering controls 
Engineering Controls Showers 

Eyewash stations 
Ventilation systems 

Individual protection measures, such as personal protective equipment 
Eye/face protection Wear safety glasses with side shields (or goggles). 
Skin and Body Protection Wear protective gloves and protective clothing. 
Respiratory protection If exposure limits are exceeded or irritation is experienced, NIOSH/MSHA approved 

respiratory protection should be worn. Positive-pressure supplied air respirators may be 
required for high airborne contaminant concentrations. Respiratory protection must be 
provided in accordance with current local regulations. 

General Hygiene Considerations Handle in accordance with good industrial hygiene and safety practice. 

9. PHYSICAL AND CHEMICAL PROPERTIES 
_______________________________________________________________

Physical State Solid 
Appearance No information available 
Odor No information available 

Property Values 
pH No information available 
Melting point/freezing point No information available 
Boiling point No information available 
Flash point No information available 
Density No information available 
Evaporation rate No information available 
Upper flammability limits No information available 
Lower flammability limit No information available 
Vapor pressure No information available 
Vapor density No information available 
Specific gravity No information available 
Water solubility No information available 
Solubility in other solvents No information available 
Partition coefficient No information available 
Autoignition temperature No information available 
Decomposition temperature No information available 
Kinematic viscosity No information available 
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Explosive properties No information available 
Oxidizing properties No information available 

10. STABILITY AND REACTIVITY 

Reactivity Not applicable 
Chemical stability Stable under recommended storage conditions. 
Possibility of Hazardous Reactions None under normal processing. 
Hazardous polymerization No information available. 
Conditions to avoid Extremes of temperature and direct sunlight. 
Incompatible materials Strong oxidizing agents. 
Hazardous Decomposition Products Hydrogen sulfide. Nitrogen oxides (NOx). Phosgene. 

11. TOXICOLOGICAL INFORMATION 

Information on likely routes of exposure 
Inhalation No data available. 
Eye contact No data available. 
Skin Contact No data available. 
Ingestion No data available. 

Information on toxicological effects 
Symptoms No information available. 

Delayed and immediate effects as well as chronic effects from short and long-term exposure 
Chronic Toxicity No information available. 

Numerical measures of toxicity - Product Information 
Unknown acute toxicity No information available 
The following values are calculated based on chapter 3.1 of the GHS document 

ATEmix (oral) 5300 mg/kg 
ATEmix (dermal) 3988 mg/kg 

12. ECOLOGICAL INFORMATION 

Ecotoxicity May cause long lasting harmful effects to aquatic life 

Chemical Name Algae/aquatic plants Fish Toxicity to 
Microorganisms 

Crustacea 

Fluorescent Brightener 220, 
Technical grade

 16470-24-9 

1000: 96 h Desmodesmus 
subspicatus mg/L EC50 

1000: 72 h Desmodesmus 
subspicatus mg/L EC50 

1000: 48 h Salmo gairdneri 
mg/L LC50 static 

- -

0% of the mixture consists of components(s) of unknown hazards to the aquatic environment. 

Persistence and degradability No information available. 
Bioaccumulation No information available. 
Mobility No information available. 

13. DISPOSAL CONSIDERATIONS 
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Disposal of wastes Disposal should be in accordance with applicable regional, national and local laws and 
regulations. 

Contaminated packaging Do not reuse container. 

14. TRANSPORT INFORMATION 

DOT Not regulated 

IMDG Not regulated 

IATA Not regulated 

15. REGULATORY INFORMATION 

International Inventories 
All of the components in the product are on the following Inventory lists 
TSCA (United States): Canada (DSL/NDSL) Europe (EINECS/ELINCS/NLP) Australia (AICS) South Korea (KECL): China (IECSC) 
ENCS (Japan): Philippines (PICCS) 

Chemical Name TSCA DSL NDSL EINECS ELINCS ENCS IECSC KECL PICCS AICS 
Fluorescent Brightener 220, 

Technical grade 
X X - X - X X X X X 

X - Listed 
TSCA - United States Toxic Substances Control Act Section 8(b) Inventory 
DSL/NDSL - Canadian Domestic Substances List/Non-Domestic Substances List 
EINECS/ELINCS - European Inventory of Existing Chemical Substances/European List of Notified Chemical Substances 
ENCS - Japan Existing and New Chemical Substances 
IECSC - China Inventory of Existing Chemical Substances 
KECL - Korean Existing and Evaluated Chemical Substances 
PICCS - Philippines Inventory of Chemicals and Chemical Substances 

US Federal Regulations 

SARA 313 
Section 313 of Title III of the Superfund Amendments and Reauthorization Act of 1986 (SARA). This product does not contain any 
chemicals which are subject to the reporting requirements of the Act and Title 40 of the Code of Federal Regulations, Part 372. 

SARA 311/312 Hazard Categories 
Acute health hazard No 
Chronic Health Hazard No 
Fire hazard No 
Sudden release of pressure hazard No 
Reactive hazard No 

CWA (Clean Water Act) 
This product does not contain any substances regulated as pollutants pursuant to the Clean Water Act (40 CFR 122.21 and 40 
CFR 122.42). 

US State Regulations 

California Proposition 65 
This product does not contain any Proposition 65 chemicals. 

U.S. State Right-to-Know Regulations 
This product does not contain any substances regulated by state right-to-know regulations 
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16. OTHER INFORMATION 

Revision note No information available 

Disclaimer 
The information provided in this Material Safety Data Sheet is correct to the best of our knowledge, information and belief at the 
date of its publication. The information given is designed only as a guidance for safe handling, use, processing, storage, 
transportation, disposal and release and is not to be considered a warranty or quality specification. The information relates only to 
the specific material designated and may not be valid for such material used in combination with any other materials or in any 
process, unless specified in the text. 

End of Safety Data Sheet 
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Version 6.1
SAFETY DATA SHEET Revision Date 03/12/2019 

Print Date 08/29/2020 

SECTION 1: Identification of the substance/mixture and of the company/undertaking 

1.1 Product identifiers 

Product name : Avidin, from egg white 

Product Number : A9275 

Brand : Sigma 

CAS-No. : 1405-69-2 

1.2 Relevant identified uses of the substance or mixture and uses advised against 

Identified uses : Laboratory chemicals, Synthesis of substances 

1.3 Details of the supplier of the safety data sheet 

Company : Sigma-Aldrich Inc. 

3050 Spruce Street 

ST. LOUIS MO  63103 

UNITED STATES 

Telephone : +1 314 771-5765 

Fax : +1 800 325-5052 

1.4 Emergency telephone number 

Emergency Phone # : 800-424-9300 CHEMTREC (USA) +1-703-

527-3887 CHEMTREC (International) 24 

Hours/day; 7 Days/week 

SECTION 2: Hazards identification 

2.1 Classification of the substance or mixture 

Not a hazardous substance or mixture. 

2.2 GHS Label elements, including precautionary statements 

Not a hazardous substance or mixture. 

2.3 Hazards not otherwise classified (HNOC) or not covered by GHS - none 

SECTION 3: Composition/information on ingredients 

3.1 Substances 

CAS-No. : 1405-69-2 

EC-No. : 215-783-6 

No components need to be disclosed according to the applicable regulations. 
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SECTION 4: First aid measures 

4.1 Description of first aid measures 

If inhaled 

If breathed in, move person into fresh air. If not breathing, give artificial respiration. 

In case of skin contact 

Wash off with soap and plenty of water. 

In case of eye contact 

Flush eyes with water as a precaution. 

If swallowed 

Never give anything by mouth to an unconscious person. Rinse mouth with water. 

4.2 Most important symptoms and effects, both acute and delayed 

The most important known symptoms and effects are described in the labelling (see section 

2.2) and/or in section 11 

4.3 Indication of any immediate medical attention and special treatment needed 

No data available 

SECTION 5: Firefighting measures 

5.1 Extinguishing media 

Suitable extinguishing media 

Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide. 

5.2 Special hazards arising from the substance or mixture 

Nature of decomposition products not known. 

5.3 Advice for firefighters 

Wear self-contained breathing apparatus for firefighting if necessary. 

5.4 Further information 

No data available 

SECTION 6: Accidental release measures 

6.1 Personal precautions, protective equipment and emergency procedures 

Avoid dust formation. Avoid breathing vapours, mist or gas. 

For personal protection see section 8. 

6.2 Environmental precautions 

Do not let product enter drains. 

6.3 Methods and materials for containment and cleaning up 

Sweep up and shovel. Keep in suitable, closed containers for disposal. 

6.4 Reference to other sections 

For disposal see section 13. 
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SECTION 7: Handling and storage 

7.1 Precautions for safe handling 

Provide appropriate exhaust ventilation at places where dust is formed. 

For precautions see section 2.2. 

7.2 Conditions for safe storage, including any incompatibilities 

Keep container tightly closed in a dry and well-ventilated place. 

Recommended storage temperature 2 - 8 °C 

Keep in a dry place. 

Storage class (TRGS 510): 13: Non Combustible Solids 

7.3 Specific end use(s) 

Apart from the uses mentioned in section 1.2 no other specific uses are stipulated 

SECTION 8: Exposure controls/personal protection 

8.1 Control parameters 

Components with workplace control parameters 

Contains no substances with occupational exposure limit values. 

8.2 Exposure controls 

Appropriate engineering controls 

General industrial hygiene practice. 

Personal protective equipment 

Eye/face protection 

Use equipment for eye protection tested and approved under appropriate 

government standards such as NIOSH (US) or EN 166(EU). 

Skin protection 

Handle with gloves. Gloves must be inspected prior to use. Use proper glove 

removal technique (without touching glove's outer surface) to avoid skin contact 

with this product. Dispose of contaminated gloves after use in accordance with 

applicable laws and good laboratory practices. Wash and dry hands. 

Full contact 

Material: Nitrile rubber 

Minimum layer thickness: 0.11 mm 

Break through time: 480 min 

Material tested:Dermatril® (KCL 740 / Aldrich Z677272, Size M) 

Splash contact 

Material: Nitrile rubber 

Minimum layer thickness: 0.11 mm 

Break through time: 480 min 

Material tested:Dermatril® (KCL 740 / Aldrich Z677272, Size M) 

data source: KCL GmbH, D-36124 Eichenzell, phone +49 (0)6659 87300, e-mail 

sales@kcl.de, test method: EN374 

If used in solution, or mixed with other substances, and under conditions which 

differ from EN 374, contact the supplier of the CE approved gloves. This 

recommendation is advisory only and must be evaluated by an industrial hygienist 

and safety officer familiar with the specific situation of anticipated use by our 
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customers. It should not be construed as offering an approval for any specific use 

scenario. 

Body Protection 

Choose body protection in relation to its type, to the concentration and amount of 

dangerous substances, and to the specific work-place., The type of protective 

equipment must be selected according to the concentration and amount of the 

dangerous substance at the specific workplace. 

Respiratory protection 

Respiratory protection is not required. Where protection from nuisance  levels of 

dusts are desired, use type N95 (US) or type P1 (EN 143) dust masks. Use 

respirators and components tested and approved under appropriate government 

standards such as NIOSH (US) or CEN (EU). 

Control of environmental exposure 

Do not let product enter drains. 

SECTION 9: Physical and chemical properties 

9.1 Information on basic physical and chemical properties 

a) Appearance Form: powder 

b) Odour No data available 

c) Odour Threshold No data available 

d) pH No data available 

e) Melting No data available 

point/freezing point 

f) Initial boiling point No data available 

and boiling range 

g) Flash point ()No data available 

h) Evaporation rate No data available 

i) Flammability (solid, No data available 

gas) 

j) Upper/lower No data available 

flammability or 

explosive limits 

k) Vapour pressure No data available 

l) Vapour density No data available 

m) Relative density No data available 

n) Water solubility No data available 

o) Partition coefficient: No data available 

n-octanol/water 

p) Auto-ignition No data available 

temperature 

q) Decomposition No data available 

temperature 

r) Viscosity No data available 
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s) Explosive properties No data available 

t) Oxidizing properties No data available 

9.2 Other safety information 

No data available 

SECTION 10: Stability and reactivity 

10.1 Reactivity 

No data available 

10.2 Chemical stability 

Stable under recommended storage conditions. 

10.3 Possibility of hazardous reactions 

No data available 

10.4 Conditions to avoid 

No data available 

10.5 Incompatible materials 

Strong oxidizing agents 

10.6 Hazardous decomposition products 

Hazardous decomposition products formed under fire conditions. - Nature of decomposition 

products not known. 

Other decomposition products - No data available 

In the event of fire: see section 5 

SECTION 11: Toxicological information 

11.1 Information on toxicological effects 

Acute toxicity 

No data available 

Inhalation: No data available 

Dermal: No data available 

No data available 

Skin corrosion/irritation 

No data available 

Serious eye damage/eye irritation 

No data available 

Respiratory or skin sensitisation 

No data available 

Germ cell mutagenicity 

No data available 

Carcinogenicity 

IARC: No component of this product present at levels greater than or equal to 0.1% is 

identified as probable, possible or confirmed human carcinogen by IARC. 

ACGIH: No component of this product present at levels greater than or equal to 0.1% is 

identified as a carcinogen or potential carcinogen by ACGIH. 
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NTP: No component of this product present at levels greater than or equal to 0.1% is 

identified as a known or anticipated carcinogen by NTP. 

OSHA: No component of this product present at levels greater than or equal to 0.1% is 

on OSHA’s list of regulated carcinogens. 

Reproductive toxicity 

No data available 

No data available 

Specific target organ toxicity - single exposure 

No data available 

Specific target organ toxicity - repeated exposure 

No data available 

Aspiration hazard 

No data available 

Additional Information 

RTECS: CL1590000 

To the best of our knowledge, the chemical, physical, and toxicological properties have not 

been thoroughly investigated. 

SECTION 12: Ecological information 

12.1 Toxicity 

No data available 

12.2 Persistence and degradability 

No data available 

12.3 Bioaccumulative potential 

No data available 

12.4 Mobility in soil 

No data available 

12.5 Results of PBT and vPvB assessment 

PBT/vPvB assessment not available as chemical safety assessment not required/not 

conducted 

12.6 Other adverse effects 

No data available 

SECTION 13: Disposal considerations 

13.1 Waste treatment methods 

Product 

Offer surplus and non-recyclable solutions to a licensed disposal company. 

Contaminated packaging 

Dispose of as unused product. 
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SECTION 14: Transport information 

DOT (US) 

Not dangerous goods 

IMDG 

Not dangerous goods 

IATA 

Not dangerous goods 

SECTION 15: Regulatory information 

SARA 302 Components 

No chemicals in this material are subject to the reporting requirements of SARA Title III, 

Section 302. 

SARA 313 Components 

This material does not contain any chemical components with known CAS numbers that 

exceed the threshold (De Minimis) reporting levels established by SARA Title III, Section 

313. 

SARA 311/312 Hazards 

No SARA Hazards 

Massachusetts Right To Know Components 

No components are subject to the Massachusetts Right to Know Act. 

Pennsylvania Right To Know Components 

Avidin CAS-No. Revision Date 

1405-69-2 

New Jersey Right To Know Components 

Avidin CAS-No. Revision Date 

1405-69-2 

California Prop. 65 Components 

This product does not contain any chemicals known to State of California to cause cancer, 

birth defects, or any other reproductive harm. 

SECTION 16: Other information 

Further information 

Copyright 2018 Sigma-Aldrich Co. LLC. License granted to make unlimited paper copies 

for internal use only. 

The above information is believed to be correct but does not purport to be all inclusive 

and shall be used only as a guide. The information in this document is based on the 

present state of our knowledge and is applicable to the product with regard to 

appropriate safety precautions. It does not represent any guarantee of the properties of 

the product. Sigma-Aldrich Corporation and its Affiliates shall not be held liable for any 

damage resulting from handling or from contact with the above product. See 

www.sigma-aldrich.com and/or the reverse side of invoice or packing slip for additional 

terms and conditions of sale. 
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The branding on the header and/or footer of this document may temporarily not visually 

match the product purchased as we transition our branding. However, all of the 

information in the document regarding the product remains unchanged and matches the 

product ordered. For further information please contact mlsbranding@sial.com. 

Version: 6.1 Revision Date: 03/12/2019 Print Date: 08/29/2020 

Sigma - A9275 Page 8 of 8 

The life science business of Merck KGaA, Darmstadt, Germany 

operates as MilliporeSigma in the US and Canada 

mailto:mlsbranding@sial.com


 

29 

 

References 
 
1 M. Joselow. “There Is Little Evidence That Mass Transit Poses a Risk of Coronavirus Outbreaks.” Scientific 
American: July 28, 2020. 
 
2 M. Grondahl, C. Goldbaum, J. White. “What Happens to Viral Particles on the Subway.” New York Times: 
August 10, 2020. 
 
3 Associated Press. “Is it safe to take public transit during the coronavirus pandemic?” Fortune Magazine: July 13, 
2020. 
 
4 J. Sadik-Khan. “Fear of Public Transit Got Ahead of the Evidence.” The Atlantic: June 14, 2020. 
 
5 “COVID-19 and Public Transportation: Current Assessment, Prospects, and Research Needs.” Journal of Public 
Transportation, Vol. 22, 2020. 
 
6 “FDA CFR – Code of Federal Regulations Title 21 Sec 182. Substances Generally Regarded As Safe.” U.S. 
FDA CFR 21 182.  
 
7 R.N. Harding, C.A. Hara, S.B. Hall, E.A. Vitalis, C.B. Thomas, A.D. Jones, J.A. Day, V.R. Tur-Rojas, T. 
Jorgensen, E. Herchert, R. Yoder, E.W. Wheeler, G.R. Farquar. “Unique DNA-Barcoded Aerosol Test Particles 
for Studying Aerosol Transport.” Aerosol Science and Technology, Vol. 50, 2016. 
 
8 The Department of Homeland Security Science & Technology Directorate. “Environmental Assessment of 
Proposed NYC Subway Tracer Particle and Gas Releases for the Underground Transport Restoration (UTR) 
Project.” 2016.  
 
9 European Commission. “Definition of a Nanomaterial.”  
 
10 Occupational Safety and Health Administration. “Nanotechnology.”  
 
11 The National Institute for Occupational Safety and Health. “Nanotechnology.”  
 
12 WHO Guidelines on Protecting Workers from Potential Risks of Manufactured Nanomaterials. Geneva: World 
Health Organization; 2017. License: CC BY-NC-SA 3.0 IGO. 
 
13 R. Mihalache, J. Verbeek, H. Graczyk, V. Murashov, P. van Broekhuizen. “Occupational Exposure Limits for 
Manufactured Nanomaterials, A Systematic Review.” Nanotoxicology, Vol. 11, 2017. 
 
14 P. Oberbek, P. Kozikowski, K. Czarnecka, P. Sobiech, S. Jakubiak, T. Jankowski. “Inhalation Exposure to 
Various Nanoparticles in Work Environment – Contextual Information and Results of Measurements.” Journal of 
Nanoparticle Research, Vol. 21, 2019. 
 
15 H. Stockmann-Juvala, P. Taxell, T. Santonen. “Formulating Occupational Exposure Limits Values (OELs) 
(Inhalation and Dermal).” Finnish Institute of Occupational Health (FIOH), 2014. 
 
16 Deutsche Forschungsgemeinschaft. “New Threshold Values for ‘Fine Dust’ at the Workplace.” Press Release 
No. 37, 2011. 
 

 

https://www.scientificamerican.com/article/there-is-little-evidence-that-mass-transit-poses-a-risk-of-coronavirus-outbreaks/
https://www.nytimes.com/interactive/2020/08/10/nyregion/nyc-subway-coronavirus.html
https://fortune.com/2020/07/13/public-transit-subway-bus-mta-safe-coronavirus/
https://www.theatlantic.com/ideas/archive/2020/06/fear-transit-bad-cities/612979/
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=182
https://www.hsdl.org/?view&did=793678
https://ec.europa.eu/environment/chemicals/nanotech/faq/definition_en.htm
https://www.osha.gov/dsg/nanotechnology/index.html#:%7E:text=Overview,materials%2C%20devices%2C%20and%20structures
https://www.cdc.gov/niosh/topics/nanotech/default.html#:%7E:text=Nanotechnology%20is%20generally%20defined%20as,%2C%20chemical%2C%20and%20biological%20behavior
https://www.dfg.de/en/service/press/press_releases/2011/press_release_no_37/index.html


 

30 

 
 
17 J. Heyder, J. Gebhart, G. Rudolf, C.F. Schiller, and W. Stahlhofen. “Deposition of Particles in the Human 
Respiratory Tract in the Size Range 0.005-15 µm.” Journal of Aerosol Science, Vol. 17, 1986. 
 
18 D.A. Jones, I. Elmadfa, K.-H. Engel, K.J. Heller, G. Kozianowski, A. König, D. Müller, J.F. Narbonne, W. 
Wackernagel and J. Kleiner. “Safety Considerations of DNA in Food.” Annals of Nutrition & Metabolism, Vol. 45, 
2001. 
 
19 SIDS Initial Assessment Report for SIAM 13, Chemical Name: Fluorescent Brightener 220, Bayer AG, Germany, 
2003. 
 
20 P.J. Drivas, P.A. Valberg, B.L. Murphy, and R. Wilson. “Modeling Indoor Air Exposure from Short-Term Point 
Source Releases.” Indoor Air, Vol. 6, 1996. 
 
21 “FDA CFR – Code of Federal Regulations Title 21 Sec 182. Substances Generally Regarded As Safe.” U.S. 
FDA CFR 21 182.  
 
22 B.L. Ervin, M.K. Virdi, C.M. Rudzinski, T.R. Vian, D.F. Brown, J.C. Liljegren, E.K. Wheeler, M. Frank, S. Kane, 
P. Kalb, T. Sullivan, J. Heiser, R. Wilke, R. Maddalena. “Underground Transport Restoration (UTR): Particulate 
and Gas Dispersion Measurements in the NYC Subway and Surrounding Outdoor Environment.” Massachusetts 
Institute of Technology Lincoln Laboratory Project Report HS-25, 2018. 
 
23 Letter, dated 10 November 2008, from Mr. Mark W. Townsend, Chief, EPA High Production Volume Chemicals 

Branch to Dr. C.T. Helmes, Executive Director, ETAD North America. 
 
24 Ecological and Toxicological Association of Dyes and Organic Pigments Manufacturers (ETAD). Stilbene 

Fluorescent Whitening Agents Category Justification and Test Plan, Submitted to the EPA High Production 
Volume Chemicals Challenge Program, 2005 

 
25 D. Steinhoff. “Akute Toxizität (Acute Toxicity).” Unpublished Short Report of Bayer-AG, November 17, 1972. 
 
26 D. Steinhoff. “Akute Toxizität (Acute Toxicity).”  Unpublished Short Report of Bayer-AG, October 3, 1973. 
 
27 A.G. Bayer, G. Kimmerle and B. Solmecke. “Toxikologische Untersuchungen.” Unpublished report no. 3350 of 

Bayer-AG, Feb. 25, 1972. 
 
28 A.G. Bayer, G. Kimmerle and B.B.H. Blankophor. “(Farbsaeure) Akute Inhalationstoxizitaet an Ratten.” Study 

Report No. 5898, 1976.  
 
29 M.L. Keplinger, O.E. Fancher, F.L. Lyman and J.C. Calandra. “Toxicologic Studies of Four Fluorescent Whitening 

Agents,” Toxicology and Applied Pharmacology, Vol. 27, 1974.  
 
30 BgVV, “Health Assessment of Certain Stilbene Derivatives.” 2001. 
 
31 R. Merget, T. Bauer, H.U. Küpper, S. Philippou, H.D. Bauer, R. Breitstadt and T. Bruening. “Health Hazards due 
to the Inhalation of Amorphous Silica.” Archives of Toxicology, Vol. 75, 2002. 
  
32 J.H.E. Arts, H. Muijser, E. Duistermaat, K. Junker and C.F. Kuper. “Five-day Inhalation Toxicity Study of Three 
Types of Synthetic Amorphous Silicas in Wistar Rats and Post-Exposure Evaluations for up to 3 Months.” Food and 
Chemical Toxicology, Vol. 45, 2007. 
 
 

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=182


 

31 

 
33 “FDA CFR – Code of Federal Regulations Title 21 Sec 182.1711 Silica Aerogel.” U.S. FDA CFR 21 182.1711, 
Revised as of 2014. 
 
34 “FDA CFR – Code of Federal Regulations Title 21 Sec 182.90 Substances Migrating from Paper and 
Paperboard Products Used in Food Packaging.” U.S. FDA CFR 21 182.90, Revised as of 2014. 
  
35 “Agency Response Letter GRAS Notice No. GRN 000321,” U.S. FDA, 2010. 
 
36 “Safety Data Sheet: Classic Silica Aerogel Monolith.” Aerogel Technologies, Revision Date: 02/04/2013. 
  
37 NYC Environmental Protection. “Air Pollution and Regulations.” 
 
38 U.S. Environmental Protection Agency. “Air Topics.” 
  
39 NYC Health. “The New York City Community Air Survey: Neighborhood Air Quality 2008-2016.” 2018. 
 
40 NY State Department of Environmental Conservation. “PM10 SIP Withdrawal and Clean Data Request.” 2013. 
 
41 T. Moreno, C. Reche, I. Rivas  et. al., “Urban Air Quality Comparison for Bus, Tram, Subway and Pedestrian 
Commutes in Barcelona.” Environmental Research, Vol. 142, 2015. 
 
42 Z. Enwemeka. “How’s the air in there? A Look at Ventilation on the MBTA.” WBUR Boston, 2020. 
 
43 Regional Transportation District. “Understanding air flow on Denver RTD’s light-rail vehicles.” Mass Transit, 
2020. 
 
44 M. Grondahl, C. Goldbaum, J. White. “What Happens to Viral Particles on the Subway.” New York Times: 
August 10, 2020. 
 
45 APTA Standards Development Program. “Cleaning and Disinfecting Transit Vehicles and Facilities During a 
Contagious Virus Pandemic”  [white paper], 2020. 
 
46 Y. Wen , J. Leng, X. Shen, G. Han, L. Sun, F. Yu. “Environmental and Health Effects of Ventilation in Subway 
Stations: A Literature Review.” Int J Environ Res Public Health, Vol. 27, 2020. 
 
47 M.J. Nieuwenhuijsen, J.E. Gómez-Perales and R.N. Colvile. “Levels of Particulate Air Pollution, Its Elemental 
Composition, Determinants and Health Effects in Metro Systems.” Atmospheric Environment, Vol. 41, 2007. 
 
48 P. Aarnio, T. Yli-Tuomi, A. Kousa, T. Mäkelä, A. Hirsikko, K. Hämeri, M. Räisänen, R. Hillamo, T. Koskentalo and 
M. Jantunen. “The Concentrations and Composition of and Exposure to Fine Particles (PM2.5) in the Helsinki 
Subway System.” Atmospheric Environment, Vol. 39, 2005. 
 
49 H.S. Adams, M.J. Nieuwenhuijsen and R.N. Colvile. “Determinants of Fine Particle (PM2.5) Personal Exposure 
Levels in Transport Microenvironments, London, UK.” Atmospheric Environment, Vol. 35, 2001. 
 
50 A. Seaton, J. Cherrie, M. Dennekamp, K. Donaldson, J.F. Hurley and C.L. Tran. “The London Underground: Dust 
and Hazards to Health.” Occupational and Environmental Medicine, Vol 62, 2005. 
 
51 B. Sitzmann, M. Kendall, J. Watt and I. Williams. “Characterisation of Airborne Particles in London by Computer-
Controlled Scanning Electron Microscopy.” The Science of the Total Environment, Vol. 241, 1999. 
 
 

http://www.nyc.gov/html/dep/html/air/index.shtml
https://www.epa.gov/environmental-topics/air-topics
https://www1.nyc.gov/assets/doh/downloads/pdf/environmental/comm-air-survey-08-16.pdf
http://www.dec.ny.gov/chemical/89357.html
https://www.wbur.org/bostonomix/2020/09/28/mbta-ventilation
https://www.masstransitmag.com/safety-security/press-release/21153064/regional-transportation-district-rtd-understanding-air-flow-on-denver-rtds-lightrail-vehicles
https://www.nytimes.com/interactive/2020/08/10/nyregion/nyc-subway-coronavirus.html
https://www.apta.com/wp-content/uploads/APTA_WP_Cleaning_and_Disinfecting_Transit_Vehicles_and_Facilities_During_a_Contagious_Virus_Pandemic_FINAL_6-22-2020.pdf


 

32 

 
52 D. Park and K. Ha. “Characteristics of PM10, PM2.5, CO2 and CO Monitored in Interiors and Platforms of Subway 
Trains in Seoul, Korea.” Environment International, Vol. 34, 2008. 
 
53 M. Braniš. “The Contribution of Ambient Sources to Particulate Pollution in Spaces and Trains of the Prague 
Underground Transport System.” Atmospheric Environment, Vol. 40, 2006. 
 
54 S.N. Chillrud, D. Epstein, J.M. Ross, S.N. Sax, D. Pederson, J. D. Spengler and P.L. Kinney. “Elevated Airborne 
Exposures of Teenagers to Manganese, Chromium, and Iron from Steel Dust and New York City’s Subway System.” 
Environmental Science & Technology, Vol. 38, 2004. 
 
55 D.S. Grass, J.M. Ross, Farnosh Family, J. Barbour, H.J. Simpson, D. Coulibaly, J. Hernandez, Y. Chen, V. 
Slavkovich, Y. Li, J. Graziano, R.M. Santella, P. Brandt-Rauf and S.N. Chillrud. “Airborne Particulate Metals in the 
New York City Subway: A Pilot Study to Assess the Potential for Health Impacts.” Environmental Research, Vol. 
110, 2010. 
 
56 C. Johansson and P. Johansson. “Particulate Matter in the Underground of Stockholm.” Atmospheric 
Environment, Vol. 37, 2003. 
 
57 S.N. Chillrud, D. Grass, J.M. Ross, D. Coulibaly, V. Slavkovich, D. Epstein, S.N. Sax, D. Pedersen, D. Johnson, 
J.D. Spengler, P.L. Kinney, H.J. Simpson and P. Brandt-Rauf. “Steel Dust in the New York City Subway System as 
a Source of Manganese, Chromium, and Iron Exposures for Transit Workers.” Journal of Urban Health, Vol. 82, 
2005. 
 
58 “Tunnel Dust Monitoring Report Metrorail Lines and Activities.” prepared by Versar, Inc. and N. Jurinski, WMATA 
Report, 2009. 
 
59 A.H.A. Awad. “Environmental Study in Subway Metro Stations in Cairo, Egypt.” Journal of Occupational Health, 
Vol. 44, 2002. 
 
60 A. Birenzvige, J. Eversole, M. Seaver, S. Fancesconi, E. Valdes and H. Kulaga. “Aerosol Characteristics in a 
Subway Environment.” Aerosol Science and Technology, Vol. 37, 2003. 
 
61 R.B. Trattner, A.J. Perna, H.S. Kimmel and R. Birch. “Respirable Dust Content of Subway Air.” Environmental 
Letters, Vol. 10, 1975. 
 
62 G. Ripanucci, M. Grana, L. Vicentini, A. Magrini and A. Bergamaschi. “Dust in the Underground Railway Tunnels 
of an Italian Town.” Journal of Occupational and Environmental Hygiene, Vol. 3, 2006. 
 
63 H.L. Karlsson, L. Nilsson and L. Möller. “Subway Particles Are More Genotoxic than Street Particles and Induce 
Oxidative Stress in Cultured Human Lung Cells.” Chemical Research in Toxicology, Vol. 18, 2005. 
 
64 I. Salma, T. Weidinger and W. Maenhaut. “Time-Resolved Mass Concentration, Composition and Sources of 
Aerosol Particles in a Metropolitan Underground Railway Station.” Atmospheric Environment, Vol. 41, 2007. 
 
65 J.I. Levy, E.A. Houseman, L. Ryan, D. Richardson, Students from the 1998 Summer Program in Biostatistics and 
J.D. Spengler. “Particle Concentrations in Urban Microenvironments.” Environmental Health Perspectives, Vol. 108, 
2000. 
 
66 J.-C. Raut, P. Chazette and A. Fortain. “Link Between Aerosol Optical, Microphysical and Chemical 
Measurements in an Underground Railway Station in Paris.” Atmospheric Environment, Vol. 43, 2009. 
 
 



 

33 

 
67 L.G. Murruni, V. Solanes, M. Debray, A.J. Kreiner, J. Davidson, M. Davidson, M. Vázquez and M. Ozafrán. 
“Concentrations and Elemental Composition of Particulate Matter in the Buenos Aires Underground System.” 
Atmospheric Environment, Vol. 43, 2009. 
 
68 K. Furuya, Y. Kudo, K. Okinaga, M. Yamuki, S. Takahashi, Y. Araki and T. Hisamatsu. “Seasonal Variation and 
their Characterization of Suspended Particulate Matter in the Air of Subway Stations.” Journal of Trace and 
Microprobe Techniques, Vol. 19, 2001. 
 
69 D. Park, M. Oh, Y. Yoon, E. Park and K. Lee. “Source Identification of PM10 Pollution in Subway Passenger 
Cabins Using Positive Matrix Factorization.” Atmospheric Environment, Vol. 49, 2012. 
 
70 B.L. Ervin, D. Jamrog, C. Smith, J. Han, C. Zook and A. Casale. “Subway Biological Detection System 
Demonstration.” MIT LL Technical Report, 2015. 
 
71 L.Y. Chan, W.L. Lau, S.C. Zou, Z.X. Cao and S.C. Lai. “Exposure Level of Carbon Monoxide and Respirable 
Suspended Particulate in Public Transportation Modes while Commuting in Urban Area of Guangzhou, China.” 
Atmospheric Environment, Vol. 36, 2002. 
  
72 A. Seaton, J. Cherrie, M. Dennekamp, K. Donaldson, J.F. Hurley and C.L. Tran. “The London Underground: Dust 
and Hazards to Health.” Occupational & Environmental Medicine, Vol. 62, 2005. 
 
73 J.E. Gómez-Perales, R.N. Colvile, M.J. Nieuwenhuijsen, A. Fernández-Bremauntz, V.J. Gutiérrez-Avedoy, V.H. 
Páramo-Figueroa, S. Blanco-Jiménez, E. Bueno-López, F. Mandujano, R. Bernabé-Cabanillas and E. Ortiz-
Segovia. “Commuters' Exposure to PM2.5, CO, and Benzene in Public Transport in the Metropolitan Area of Mexico 
City.” Atmospheric Environment, Vol. 38, 2004. 
 
74 H.-J. Jung, B. Kim, J. Ryu, S. Maskey, J.-C. Kim, J. Sohn and C.-U. Ro. “Source Identification of Particulate 
Matter Collected at Underground Subway Stations in Seoul, Korea Using Quantitative Single-Particle Analysis.” 
Atmospheric Environment, Vol. 44, No. 19, 2010.  
 
75 K.S. Crump. “Manganese Exposures in Toronto During Use of the Gasoline Additive, Methylcyclopentadienyl 
Manganese Tricarbonyl.” Journal of Exposure Analysis and Environmental Epidemiology, Vol. 10, 2000. 
  
76 B. Christensson, J. Sternbeck and K. Ancker. “Airborne Particles – Particle Concentrations, Elemental 
Composition and Emission Sources.” SL Infrateknik AB, In Swedish, 2002. 
 
77 D.F. Brown, J.C. Liljegren, M.R. Sippola, M.M. Lunden and D.R. Black. “The 2007/2008 Washington, D.C. 
Subway Tracer Transport and Dispersion Experiments: Measurements and Analysis.” Argonne National Laboratory 
ANL/DIS-09-02, 2009. 
 
78 H.-J. Jung, B. Kim, J. Ryu, J.-C. Kim and J. Sohn. “Source Identification of Particulate Matter Collected at 
Underground Subway Stations in Seoul, Korea using Quantitative Single-Particle Analysis.” Atmospheric 
Environment, Vol. 44, 2010.  
 
79 D.-U. Park and K.-C. Ha. “Characteristics of PM10, PM2.5, CO2 and CO Monitored in Interiors and Platforms of 
Subway Train in Seoul, Korea.” Environ. Int., Vol. 34, No. 5, 2008. 
 
80 B.L. Ervin, M.K. Virdi, C.M. Rudzinski, T.R. Vian, D.F. Brown, J.C. Liljegren, E.K. Wheeler, M. Frank, S. Kane, 
P. Kalb, T. Sullivan, J. Heiser, R. Wilke, R. Maddalena, “Underground Transport Restoration (UTR): Particulate 
and Gas Dispersion Measurements in the NYC Subway and Surrounding Outdoor Environment,” Massachusetts 
Institute of Technology Lincoln Laboratory Project Report HS-25, 2018. 
 



 

34 

 
 
81 E. Afshinnekoo, C. Meydan, S. Chowdhury, et al. “Geospatial Resolution of Human and Bacterial Diversity with 
City-Scale Metagenomics.” Cell Systems, Vol. 1, 2015. 
 
82 NYC Department of City Planning. “NYC Community Profile.” 
 
83 “State and County QuickFacts: New York County (Manhattan Borough), New York”, United States Census 
Bureau, 2014. 
 

https://www1.nyc.gov/assets/planning/download/pdf/community/community-portal/profile/nyc_profile.pdf

	EXECUTIVE SUMMARY
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF ACRONYMS
	Section 1.  Purpose and Need of the Proposed Action
	Section 2.  Test Alternatives to Meet the Purpose and Need
	2.1 Simulant Testing Location and Liquid/Particulate Simulant (Preferred Alternative)
	2.1.1 Testing Location
	2.1.2 Liquid/Particulate Simulant (P1)

	2.2 No Action Alternative

	Section 3.  Affected Environment and Environmental Consequences
	3.1 Test Site Overview
	3.1.1 Geology, Soils, Topography and Geological Hazards
	3.1.2 Hydrology and Water Resources
	3.1.3 Biological Resources
	3.1.4 Hazardous Materials and Environmental Compliance
	3.1.5 Public Health and Safety
	3.1.6 Air Quality
	3.1.6.1 NYC Metropolitan Outdoor Air Quality
	3.1.6.2 Ultrafine Particles (<300 nm) in Mass Transit Environments
	3.1.6.3 Mass Transit Vehicle Air Quality
	3.1.6.4 Subway Indoor Air Quality

	3.1.7 Cultural Resources and Historic Properties
	3.1.8 Socioeconomics and Environmental Justice
	3.1.9 Land Use and Infrastructure


	Section 4.  Cumulative Effects
	Section 5.  Conclusions and Identification of the Proposed Action
	Section 6.  List of Preparers
	Section 7.  Persons and Agencies Contacted
	Section 8.  List of Stakeholders
	Appendix A: Safety Data Sheets
	EA_Combined_SDSa.pdf
	2 SDS Silica-streptavidin_Corpuscular
	2 SDS_Streptavidin
	3 SDS Biotin_LifeTechnologies_B20656
	4 SDS Glycerol
	5 SDS Salt
	6 SDS optical_brightener_220_SantaCruz_sc-498917
	8 SDS_avidin


