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Abstract

Although airborne transmission of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) from
person-to-person over long distances is currently thought to be unlikely, the current epidemiological evidence
suggests that airborne SARS-CoV-2 infection transmission in confined, indoor spaces is plausible, particularly
when outdoor airflow rates are low and when face masks are not utilized. We sought to model airborne infection
transmission risk assuming five realistic exposure scenarios using previously estimated outdoor airflow rates for
I2 New York City nail salons, a published quanta generation rate specific to SARS-CoV-2, as well as the Wells—
Riley equation to assess risk under both steady-state and non-steady-state conditions. Additionally, the impact of
face mask-wearing by occupants on airborne infection transmission risk was also evaluated. The risk of airborne
infection transmission across all salons and all exposure scenarios when not wearing face masks ranged from
<0.015% to 99.25%, with an average airborne infection transmission risk of 24.77%. Wearing face masks reduced
airborne infection transmission risk to between <0.01% and 51.96%, depending on the salon, with an average
airborne infection transmission risk of 7.30% across all salons. Increased outdoor airflow rates in nail salons were
generally strongly correlated with decreased average airborne infection transmission risk. The results of this
study indicate that increased outdoor airflow rates and the use of face masks by both employees and customers
could substantially reduce SARS-CoV-2 transmission in New York City nail salons. Businesses should utilize
multiple layers of infection control measures (e.g. social distancing, face masks, and outdoor airflow) to reduce
airborne infection transmission risk for both employees and customers.
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containing respiratory droplets emitted when infected
individual coughs, sneezes, or talks, for instance, may
contaminate a surface (WHO, 2020). Exponential

Introduction

In the midst of the ongoing coronavirus disease 2019
(COVID-19) pandemic, an understanding of the
potential route(s) of transmission of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2),
the virus responsible for causing COVID-19, is of
critical importance in the design and implementation
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of effective infection control measures. During the
early stages of viral spread in the United States, infec-
tion mitigation strategies focused on viral transmis-
sion via fomites, or inanimate objects and surfaces
that may carry infectious agents, such as door handles
and elevator buttons. Large (>5-10 pm), virus-
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decay of SARS-CoV-2 has been observed across dif-
ferent media, with estimated median half-lives of
approximately <1 h on copper, <4 h on cardboard,
5.6 h on stainless steel, and 6.8 h on plastic (van
Doremalen et al., 2020). Self-inoculation with
SARS-CoV-2 could, therefore, occur if a susceptible
(i.e. non-COVID-19-infected) individual touches a
contaminated surface and subsequently touches the
mucous membranes of their nose, mouth, or eyes
(Otter et al., 2016; WHO, 2020). As such, initial rec-
ommendations consisted primarily of frequent hand-
washing as well as disinfection of high-touch surfaces
with US Environmental Protection Agency (EPA)-
registered disinfectants (EPA, 2020).

At the time of publication, however, the state-of-
the-science as reported by the US Centers for Disease
Control and Prevention (CDC) suggested that while
adequate hygiene and disinfection are important, indi-
rect transmission via fomites “is not thought to be the
main way the virus spreads” (CDC, 2020c). Rather, a
growing body of epidemiological evidence indicates
that this novel human coronavirus is primarily spread
from person-to-person via respiratory droplets or dro-
plet nuclei, such that the risk of airborne SARS-CoV-
2 infection transmission is likely highly dependent on
both the duration of exposure and proximity to an
infectious individual. Infectious respiratory droplets
may land on the mucous membranes of a susceptible
individual in close contact with an infected individual
or may be inhaled by a susceptible individual in close
proximity (CDC, 2020c). The CDC has defined “close
contact” as being “within 6 feet of an infected person
for at least 15 min starting from 2 days before illness
onset (or, for asymptomatic patients, 2 days prior to
positive specimen collection) until the time the patient
is isolated” (CDC, 2020a). Indeed, many COVID-19
outbreaks have originated in indoor environments,
including restaurants (Lu et al., 2020), churches
(Yong et al., 2020), and cruise ships (Moriarty
et al., 2020), where individuals are generally in close
proximity with one another for extended periods of
time and are talking, shouting, and/or singing—all
activities that tend to produce respiratory droplets.
Recommendations for universal (and proper) use of
face masks and social distancing among the general
public have proven effective in curtailing community
spread of COVID-19 (Chu et al., 2020).

Yet these control measures may not be sufficiently
protective to mitigate transmission risk via droplet
nuclei shed by infectious individuals. Droplet nuclei
are airborne residues (generally, <5 pm) of infectious

aerosols from which the majority of respiratory fluid
has evaporated (WHO, 2020). It has been demon-
strated under experimental conditions that SARS-
CoV-2 in aerosolized form may remain viable for
up to approximately 3 h (van Doremalen et al.,
2020); real-world evidence for airborne transmission
of SARS-CoV-2 is still being gathered (Lednicky
et al., 2020; Morawska and Cao, 2020). Given the
currently available information regarding airborne
transmission of SARS-CoV-2 and related viruses,
however, it is reasonable to assume that SARS-
CoV-2 transmission may occur if a susceptible indi-
vidual inhales a sufficient quantity of viable droplet
nuclei, though it is our understanding at the time this
article was written that the infectious dose of SARS-
CoV-2 above which there is a significantly increased
risk of developing COVID-19 has not yet been estab-
lished. Therefore, in addition to infection control
measures like social distancing and face masks, atten-
tion must be given to ensuring adequate engineering
controls in indoor environments (e.g. outdoor air-
flow), particularly in occupational settings where
workers may be indoors for 8 h a day and interact
with numerous individuals throughout the workday.

One example of an indoor, occupational environ-
ment where workers may experience prolonged con-
tact with many individuals on any given day is the nail
salon. Indeed, the American Industrial Hygiene Asso-
ciation (ATHA) has recently issued a COVID-19 gui-
dance document specifically related to business
reopening recommendations for nail salons (AIHA,
2020). We (AH and BP) have previously investigated
indoor air quality issues at various nail salons in New
York City. In a pilot study of 10 salons, total volatile
organic compounds and carbon dioxide (CO,) con-
centrations were measured (Pavilonis et al., 2018),
and we found that contaminant variation was gener-
ally minimal within each salon (i.e. well-mixed
room). In a follow-up study, we estimated outdoor
airflow rates per person using CO, concentrations in
12 nail salons over three consecutive days and found
little daily variation in airflow rates within salons;
however, there were orders of magnitude differences
in outdoor airflow rates between salons (Harrichandra
et al., 2020).

Sufficient outdoor airflow is a critical precaution-
ary measure when mitigating airborne infection
transmission risk. As such, nail salons represent an
important occupational setting in which airborne
SARS-CoV-2 infection transmission risk for both
employees and customers should be evaluated. New
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York City has more than 2000 nail salons that
employ over 27,000 individuals (Basch et al.,
2016). On July 6, 2020, New York City entered
phase 3 of reopening, which allowed for the reopen-
ing of personal care services, including nail salons,
with precautionary measures in-place (New York
State Governor’s Office, 2020). As of this same date,
there were approximately 216,000 cases of COVID-
19 in New York City, with about 18,600 confirmed
deaths and about 4600 probable deaths due to
COVID-19 (New York City Department of Health
and Mental Hygiene, 2020).

While three primary modes of transmission (con-
tact via fomites, respiratory droplet transmission, and
airborne [droplet nuclei] transmission) have been
postulated during the COVID-19 pandemic, the focus
of the current study is the risk of potential airborne
transmission of SARS-CoV-2 in New York City nail
salons. To estimate the risk of airborne infection
transmission of SARS-CoV-2 in the confined, indoor
spaces of New York City nail salons, the Wells—Riley
equation can be utilized. This model was developed
by Riley et al. (1978) to quantitatively assess the air-
borne risk of measles transmission during an out-
break in New York State in 1974. Riley et al.
(1978) based their model on the “quantum of
infection” concept first introduced by William Firth
Wells in 1955 to signify the smallest dose of any
infectious agent to cause infection in 63% of suscep-
tible hosts (Wells, 1955). As explained by Rudnick
and Milton (2003)

exposure to one quantum of infection gives an average
probability of 63% (1 — e~ ') of becoming infected
(essentially an infectious dose 63%, IDg3) . . . The belief
that multiple independently deposited organisms are
required to initiate infection is not borne out by biolo-
gical evidence, nor is it biologically plausible. Thus g
represents the generation rate of infectious doses, not
organisms or infectious particles; it is the average infec-
tious source strength of infected individuals. (Rudnick
and Milton, 2003: 238)

The infectious dose of SARS-CoV-2 that may ulti-
mately lead to COVID-19 development is unknown,
but the infectious dose (LD and LDs, respectively)
for SARS-CoV-1 in animal studies was estimated to
be 43-280 plaque-forming units (Watanabe et al.,
2010). Using the average infectious dose coefficient
(0.02) derived by Watanabe et al. (2010), the viral
load of the sputum (10° RNA virus copies/mL), and
light exercise as the level of activity, the resulting

quanta generation rate for SARS-CoV-2, as reported
by Buonanno et al. (2020), was 142 quanta/h.

The objective of this study was to estimate the risk
of airborne SARS-CoV-2 infection transmission in
New York City nail salons under steady- and non-
steady-state conditions using previously estimated
outdoor airflow rates (Harrichandra et al., 2020).

Methods
Estimated outdoor airflow rate

We were unable to directly measure outdoor airflow
rates. Therefore, we estimated outdoor airflow rates
per person using Equation (6) from ASTM Standard
D6245-18 and shown as Equation (1). The CO, gen-
eration rate was selected for a female aged 21 to <30
years performing light work and 410 ppm was the
average measured outdoor CO, concentration (ASTM
International, 2018). We multiplied the outdoor air-
flow rate per person by the number of workers and
customers assumed to be in the salon at any given
time based on logs provided by the salon owner.
CO, measurements were collected in each salon over
a period of three consecutive days (Thursday, Friday,
and Saturday) and averaged.

N
V,=——0o 10°
(CS—CO) 8

where V = outdoor airflow rate per person (m’/s),
N = CO, generation rate per person (0.0000052 m*/s),
Cs= CO, average concentration in the space (ppm), and
Co = CO, concentration in outdoor air (410 ppm).

As noted, outdoor airflow rates per person (m>/s-
person) were previously estimated in 12 nails salons
located in New York City (Harrichandra et al., 2020)
and were used to calculate the risk of airborne SARS-
CoV-2 infection transmission using the Wells—Riley
equation. To calculate the total outdoor airflow rates
(m*/min) in the nail salons (Table 1), the number of
employees and customers were multiplied by the out-
door airflow rate per person.

In addition to elimination through exhausted air,
airborne droplets can be removed by viral inactivation
(/) and gravitational settling (k). Viral inactivation
refers to the chemical and physical changes in aero-
solized viruses that result in loss of infectivity (Ben-
bough, 1971). Buonanno et al. (2020) derived the
value of k from a previously calculated settling velo-
city of particles that were approximately 1 um (Cha-
toutsidou and Lazaridis, 2019). The diameter of

(1)
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Table I. Nail salon characteristics.
Salon

| 2 3 4 6 7 8 9 10 Il 12
Volume (m3) 2275 1085 1439 1534 |555 4276 855 399 2824 209.1 2742 289
Outdoor airflow rate 4.1 517 372 6.06 59 946 1024 2199 1189 6.99 9.8 94.19

(m*/min)?

No. of occupants® 15 10 8 10 8 10 10 12 10 10 10

? Adjusted for gravitational settling (k) and viral decay ().
® Average number of customers and employees at any given time.

SARS-CoV-2 particles ranges from 0.06 to 0.14 pm
(Zhu et al., 2020). Viral decay was adopted from van
Doremalen et al. (2020) based on the median estimate
of SARS-CoV-2 half-life in aerosols of approxi-
mately 1.1 h. The values of & and / for virus removal
were expressed as increased ventilation in the room
with & being 0.24 air changes/hour (ACH) and / being
0.64 ACH. The number of ACH was multiplied by the
volume of each nail salon and added to the total out-
door airflow rate.

Impact of face mask use

The risk of airborne infection transmission can further
be reduced by infected and susceptible individuals
wearing face masks. In most public, commercial set-
tings in New York City, social distancing and face
mask-wearing orders have been enacted (e.g. New
York State’s 10-Point PAUSE Plan and New York
Governor’s Executive Order No. 202.17). For the pur-
pose of this study, the term “face mask™ generally
encompasses N95 respirators, surgical masks, and
homemade fabric masks or other face coverings.
However, it should be noted that the efficacy of face
masks depends on the type.

In fact, various forms of face masks have been
found to reduce the transmission of respiratory viruses
by 60% to 80%, and these viral transmission rates can
be further reduced when face masks are worn in con-
junction with adherence to social distancing protocols
(Fennelly and Nardell, 1998; Liang et al., 2020;
Nazaroff et al., 1998; Nicas, 1996). In this article,
we use a conservative value of a 60% reduction in
viral transmission from face mask use by an infected
individual and expressed this transmission reduction
as a 60% decrease in the quanta generation rate (q).
To account for the reduction of transmission when a
susceptible person is wearing a face mask, we also

used the conservative value of 60% and expressed this
as a 60% increase in the outdoor airflow rates (Q).

Steady-state conditions

The probability of airborne infection transmission (P)
in a room that has achieved a steady-state concentra-
tion is shown in the following equation (i.e. the
Wells—Riley equation).

P x 100:1—4—@)

where P = probability of airborne infection transmis-
sion, / = number of infected individuals (assumed as
one [1] in this study), ¢ = quanta generation rate
(quanta/min), IR = inhalation rate (0.016 m®/min)
(Buonanno et al., 2020), ¢t = time (min), and Q =
outdoor airflow rate (m>/min).
To calculate the risk of airborne infection transmis-
sion under steady-state conditions, the following sce-
narios were used:
1. Scenario 1: A susceptible employee is exposed
to one infected employee for 480 min (8 h).

2. Scenario 2: At any given time, one susceptible
customer is exposed to one infected employee
for 60 min.

(2)

Non-steady-state conditions

The traditional Wells—Riley model assumes steady-
state ventilation conditions in which there is a con-
stant generator of infectious particles (Riley et al.,
1978). However, New York City nail salons do not
meet this criterion if it is assumed that the generator of
the infectious particles is a customer who briefly visits
the salon and subsequently leaves after some time.
Thus, the quanta concentration (¢.) upon entrance to
a nail salon by an infected individual was calculated
using the following equation.
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A G
where ¢, = quanta concentration (quanta/m®), g =
quanta generation rate (quanta/min), Q = outdoor air-
flow rate (m>/min), ¢ = time (min), and ¥ = volume of
salon (m*).

Equation 4 was then used to estimate the decrease
in quanta concentration (decay) when an infected
individual exits the nail salon at ¢,.

[Fe—n)] (4)
where ¢,.; = initial quanta concentration (quanta/m®)
and ¢g., = quanta concentration following decay
(quanta/m?).

42 =dqc1 X e

Risk of airborne infection transmission under non-
steady-state conditions

Quanta concentration (g.) was averaged over the sce-
nario times and was used to calculate the risk of air-
borne infection transmission (R), as shown in the
following equation.

R(%) = 100 x [1 - eH’"f@)} (5)

Three hypothetical exposures scenarios were used
to calculate the risk of airborne SARS-CoV-2 infec-
tion transmission among employees and customers
for non-steady-state conditions:

3. Scenario 3: One susceptible customer and one
infected customer enter the nail salon together
and both stay for 30 min.

4. Scenario 4: One infected customer enters and
stays for 45 min, while one susceptible customer
enters 30 min after the infected customer and
stays for 60 min.

5. Scenario 5: One infected customer and one sus-
ceptible customer enter at the same time and
both stay for 150 min (2.5 h).

Statistical analysis

Pearson’s correlation coefficients () were calculated
to evaluate potential associations between the outdoor
airflow rate of each nail salon and the risk of airborne
infection transmission, assuming with and without
face mask-wearing, for all five exposure scenarios
together, as well as for steady-state (i.e. scenarios
1-2) and non-steady-state (i.e. scenarios 3—5) condi-
tions, separately. The normality of the estimated risk

data was first assessed using the Shapiro—Wilk test for
normality (null hypothesis [H,] = data are normally
distributed). If the p-values for the Shapiro—Wilk test
were greater than (.05 for each scenario we assessed,
then H, was unable to be rejected and it was assumed
that the modeled data were normally distributed. The
statistical analysis was performed using SAS® soft-
ware (9.4, SAS Institute Inc., Cary, North Carolina,
USA).

Results

The estimated outdoor airflow rates, adjusted for air-
borne virus removal from gravitational settling (k)
and viral decay (1), are presented in Table 1. The
average outdoor airflow rates across all salons were
16.63 m*/min and ranged from 3.72 to 94.19 m*/min.
Salon 12 had the greatest outdoor airflow rate and
relied on natural ventilation and did not have a dedi-
cated HVAC system.

The risk of airborne SARS-CoV-2 infection trans-
mission varied substantially across salons, particu-
larly when accounting for use of face masks. The
risk of airborne infection transmission across all sal-
ons and all exposure scenarios (i.e. under both steady-
and non-steady-state conditions) when not wearing
face masks ranged from <0.015% to 99.25% with an
average airborne infection transmission risk of
24.77%. Additionally, wearing face masks resulted
in an airborne infection transmission risk ranging
from <0.01% to 51.96% with an average airborne
infection transmission risk of 7.30%.

Steady-state scenarios

When compared to airborne infection transmission
risk calculated for similar exposure scenarios under
non-steady-state conditions, the risk values derived
using the Wells—Riley airborne infection transmission
risk model under steady-state conditions were gener-
ally higher. Two exposure scenarios, assuming
steady-state conditions, are compared in Table 2.
These exposure scenarios are compared assuming nei-
ther an infected nor a susceptible individual were
wearing face masks versus when both the infected and
susceptible individuals were wearing face masks. The
airborne infection transmission risk when wearing
face masks was based on the assumption that both the
infected and susceptible individuals were wearing
face masks, which reflects current precautionary mea-
sures to be undertaken when utilizing personal care
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Table 2. Risk of airborne infection transmission (%) for
two exposure scenarios, based on steady-state conditions,
without (N) or with (Y) face masks.

Table 3. Risk of airborne infection transmission (%) for
three exposure scenarios, based on non-steady-state con-
ditions, without (N) or with (Y) face masks.

Scenario | Scenario 2 Scenario 3 Scenario 4 Scenario 5
Salon N (%) Y (%) N(@&) Y(%) Salon N(@%) Y% N(®% Y&%) N@®% Y%)
| 72.44 17.58 14.88 2.39 | 4.27 1.35 0.68 0.04 7.690 1.98
2 97.02 40.96 35.54 6.38 2 9.71 325 326 026 19.58 531
3 99.25 51.96 45.71 8.76 3 884 319 983 1.47 25.47 7.28
4 95.00 36.21 31.24 5.46 4 743 253 383 037 1691 4.54
5 95.40 36.99 31.94 5.61 5 743 255 418 043 1731 4.67
6 85.34 25.03 21.34 3.54 6 3.17 1.14 442 073 1071 291
7 83.04 23.38 19.89 3.27 7 769 224 0.0 0.00 1043 2.72
8 56.24 11.66 9.820 1.54 8 2.59 1.04 070 0.23 5.000 2.03
9 78.30 20.48 17.38 2.82 9 402 094 1.78 0.0l 9.020 1.28
10 92.56 32.29 27.74 4.76 10 579 20l 4.17 048 1475 3.95
I 84.35 24.30 20.69 342 I 4.36 149 275 030 10.79 2.84
12 17.54 2.850 2.380 0.36 12 1.06 028 0.00 0.00 1.190 0.30
0.045 0,045
= 0.03
~0.035 ’ £
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Figure |. lllustration of quanta concentration increasing
steadily and reaching steady state in scenario |.

services in New York City, per New York State law,
as noted above.

Across all nail salons, the risk of airborne infection
transmission was greatest in scenario 1 in which a
susceptible employee spends a full workday (8 h) with
an infected employee. Wearing face masks resulted in
a risk of airborne infection transmission that was gen-
erally much less than not wearing face masks for each
salon. For example, the risk of airborne infection
transmission in scenario 1 ranged from 17.54% to
99.25% when neither party were wearing face masks
but decreased substantially to 2.85% to 51.96% when
both parties wore face masks. Overall, there was an
approximately 2- to 6-fold risk reduction in scenario 1
when face masks were worn. Furthermore, steady-
state quanta concentrations were achieved between

Figure 2. lllustration of quanta concentration decay as
infected individual enters and then exits salon | (scenario 3).

25 min to 256 min across all 12 salons for scenario
1. In Figure 1, for example, steady state was reached
in 118 min in salon 1.

Non-steady-state scenarios

Table 3 presents a comparison of airborne infection
transmission risk under non-steady-state conditions
for all salons when occupants (employees and cus-
tomers) were not wearing face masks, compared to
the airborne infection transmission risk when occu-
pants were wearing face masks. As demonstrated in
Figure 2, when the infected customer leaves the nail
salon, the quanta concentration decreases and eventu-
ally reaches zero after 91 min, which is achieved at an
outdoor airflow rate of 14.1 m*/min. Smaller nail
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Table 4. Pearson’s correlation coefficients (r) for nail salon
outdoor airflow rates and airborne infection transmission
risk.

Average risk (%) r p Value
Scenarios |1-5; no face masks —0.833 <0.001
Scenarios 1-5; face masks —0.681 0.015
Scenarios 1-2; no face masks —0.878 <0.001
Scenarios 1-2; face masks —0.690 0.013
Scenarios 3-5; no face masks —0.650 0.022
Scenarios 3-5; face masks —0.620 0.031

salons with lower outdoor airflow rates typically had a
higher risk of airborne infection transmission across
all exposure scenarios evaluated. Salon 12 with an
outdoor airflow rate of 94.19 m>/min had a risk of
airborne infection transmission ranging from
<0.015% to 17.54% (mean = 2.59%) across all five
scenarios, while salon 3 with the lowest outdoor air-
flow rate of 3.72 m*/min had a risk of airborne infec-
tion transmission ranging from 1.47% to 99.25%
(mean = 26.17%). Steady-state concentrations were
reached fastest in salon 12 (25 min) and slowest in
salon 6 (232 min), which had the highest volume
(427.6 m®).

In some exposure scenarios, the risk of airborne
infection transmission was reduced substantially
when wearing face masks. For example, in salon 1
for scenario 4, the risk of airborne infection transmis-
sion was reduced by 17-fold when a face mask was
worn by both parties; however, in the same scenario
for salon 3, which had the lowest outdoor airflow rate,
the risk of airborne infection transmission was
reduced more than 6-fold when a face mask was worn
by both parties.

Pearson’s correlation coefficients

The modeled airborne infection transmission risk data
were all assumed to be normally distributed since the
Shapiro—Wilk p-values for each scenario we assessed
were greater than 0.05. In general, the outdoor airflow
rates for each nail salon were negatively and strongly
associated with airborne infection transmission risk
(Table 4). In other words, as outdoor airflow rates
increased within a nail salon, risk decreased. For
example, for steady-state conditions (i.e. scenarios
1-2) assuming no use of face masks, there was a
strong, negative correlation between outdoor airflow
rate and average airborne infection transmission risk
(r = —0.878; p < 0.001). Similarly, a correlation of

r = —0.650 (»p = 0.022) was calculated for non-
steady-state conditions (i.e. scenarios 3—5) assuming
no use of face masks.

Discussion

The objective of this study was to estimate the air-
borne infection transmission risk of SARS-CoV-2
among employees and customers in nail salons in
New York City as businesses reopen in the wake of
the pandemic. Previously published outdoor airflow
rate data (Harrichandra et al., 2020) and a quanta
generation rate for SARS-CoV-2 (Buonanno et al.,
2020) were used in the Wells—Riley model to assess
the risk of airborne infection transmission under var-
ious hypothetical exposure scenarios characterized by
the interaction of employees and customers in nail
salons in New York City. The modeled data indicate
that adequate outdoor airflow rates and the use of face
masks by both employees and customers could sub-
stantially reduce the risk of airborne SARS-CoV-2
transmission in New York City nail salons.

In New York City, many nail salons have adopted
the CDC’s guidelines for protecting employees and
customers, such as practicing social distancing
through a reduction in the capacity of services to
fewer customers at any given time, removing waiting
areas and accepting customers by appointment only,
installing Plexiglas between service stations, and
requiring all employees and customers to wear face
masks at all times (CDC, 2020b). The results of this
study indicate that increased outdoor airflow can
reduce the risk of airborne infection transmission. For
example, salon 3 had the lowest outdoor airflow rate
(3.72 m*/min) among all of the salons and, subse-
quently, the highest risk of airborne infection trans-
mission across both steady-state (scenario 1 =
99.25%) and non-steady-state (scenario 5 =
25.47%) scenarios, when no face mask-wearing was
assumed. In comparison to salon 12, which had the
highest outdoor airflow rate (94.19 m*/min), the risk
of airborne infection transmission was the lowest
among both steady-state (<17.54%) and non-steady-
state (<1.19%) scenarios, when no face mask-wearing
was assumed. It should be noted that salon 12 utilized
natural ventilation and did not have a dedicated
exhaust. While this method of control is feasible in
the summer months, this would not be effective in
colder months. In a similar study focusing on the role
of ventilation in the spread of COVID-19, it was con-
cluded that reducing occupancy by 50% reduced the
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risk of airborne infection transmission by 6.7% based
on a 90-min exposure duration in a restaurant, with
similar dimensions to the nail salons; however, it was
also demonstrated in this study that increasing the
ventilation rate by approximately 27% could achieve
the same rates of airborne infection transmission risk
reduction (Sun and Zhai, 2020).

In the steady- and non-steady-state scenarios,
worst-case and best-case scenarios were primarily
determined by exposure time to an infected person.
In scenario 3 in which two customers, one infected
and one susceptible, enter the salon at the same time
and both stay for 150 min, the airborne infection
transmission risk increases substantially until the
infector leaves but does not immediately drop to zero.
In scenario 4 in which an infected customer enters the
salon and stays for 45 min, while one susceptible
customer enters 30 min after the infected customer
and stays for 60 min, the risk of airborne infection
transmission was still high and ranged from >0.01%
t0 9.83% across salons. This finding may explain why
the SARS-CoV-2 virus spread so quickly initially in
densely-populated cities around the world and should
be a consideration as businesses reopen to the public.
Merely permitting fewer customers may not suffi-
ciently reduce the risk of airborne infection transmis-
sion without increasing the amount of outdoor
airflow. If outdoor airflow remains the same, the rate
at which customers enter the salon can be reduced so
that fewer customers are in the salon when the con-
centration of infectious materials is at its highest,
before concentration decay begins. This can be
achieved through appointments that stagger the arri-
val of customers over a given time.

The role of face mask-wearing was heavily con-
tested at the onset of the pandemic but is now
accepted as an efficacious measure to reduce the
spread of COVID-19 (Feng et al., 2020; Lyu and
Wehby, 2020; Ngonghala et al., 2020). The results
of this study demonstrated that a face mask worn by
both infected and susceptible parties could substan-
tially reduce the risk of airborne infection transmis-
sion, even when outdoor airflow rate was poor and the
duration of exposure was long. In the worst-case sce-
nario of two employees, one infected and one suscep-
tible, spending a full workday together and assuming
that no other infected person enters the salon (i.e.
scenario 1), the risk of airborne infection transmission
of the susceptible employee was reduced from an
average of 79.71% when neither parties wore a face
mask to 26.97% when both parties wore a face mask,

an almost 3-fold reduction in risk. Further, in salon 3,
which had the lowest outdoor airflow rate, wearing
face masks reduced the risk of airborne infection
transmission by 47.29% for scenario 1. In a recent
study of COVID-19 transmission in a hair salon,
where two symptomatic, COVID-19-positive hair sty-
lists served 139 clients, all wearing masks, over 15- to
45-min periods (mean = 19.5 min), there were no
reported positive cases within a 14-day period (Hen-
drix et al., 2020).

One study estimated that had New York State met
100% face mask compliance on the first day of the
shelter-in-place order, the cumulative mortality rate
from COVID-19 could have been four times less;
even a 50% compliance rate could have halved the
number of deaths recorded (Ngonghala et al., 2020).
Since SARS-CoV-2 can be transmitted via droplets
during close contact, any face covering, including
homemade cloth masks and surgical masks, that traps
exhaled droplets can reduce the amount of infectious
airborne particles emitted as well as the amount that
can be inhaled by a susceptible individual.

It is acknowledged that there are still gaps in the
literature regarding the transmission of this novel
human coronavirus. The value of the quanta genera-
tion rate (g) has varied among a few studies (Buo-
nanno et al., 2020; Dai and Zhao, 2020; Zemouri
et al., 2020) and needs to be studied further. The value
of ¢ used in this study was derived from a novel
approach based on the viral load emitted in saliva
(Buonanno et al., 2020). Yet there may be more accu-
rate values based on other approaches. In this study,
we used a conservative value for the quanta reduction
potential of face masks based on several studies. The
risk of airborne infection transmission may vary sig-
nificantly from the modeled results presented in this
study when different types of face masks are utilized
in different settings. In addition, we assumed one
infected individual was present in each of the expo-
sure scenarios. Future research should evaluate air-
borne infection transmission risk assuming multiple
infected individuals are present in a confined space
for a given period of time.

Conclusions

This study found that adequate outdoor airflow and
adherence to wearing face masks can reduce the risk
of airborne SARS-CoV-2 infection transmission in
New York City nail salons. Increased outdoor airflow
has the potential to reduce the risk of airborne
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infection transmission to approximately <1% when
face masks are worn by all occupants of a confined
space. Social distancing and reduction of contact time
are also essential to reducing the risk of airborne
infection transmission. As New York State continues
to gradually reopen, it is imperative for individuals to
continue observing social distancing and face mask-
wearing requirements and for establishments to
ensure that buildings are properly ventilated and are
not overcrowded to mitigate potential airborne SARS-
CoV-2 infection transmission risk.
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