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Abstract: Plastic barriers physically separate queuing passengers in airport security check areas
as a measure against aerosol transmission. However, this may create “canyons” that interfere
with the existing ventilation design: potentially inhibiting airflow, concentrating exhaled viruses,
and exacerbating aerosol transmission risk. Accordingly, this study investigated the transmission
implications of installing plastic barriers in a security check area with computational fluid dynamics
(CFD). Two air distribution schemes were modeled: one with linear air supply diffusers aligned
vertically to (Case 1) and another with diffusers parallel with (Case 2) the orientation of partitions. The
drift-flux model was used to calculate the spread of viral bioaerosols with 5 um in diameter; then the
Wells—Riley equation was applied to assess aerosol transmission risk for SARS-CoV-2. According to
simulation results, in Case 1, installing plastic barriers resulted in relatively small changes in volume
with a high infection risk of 1% or greater in the breathing zone within the first 25 min. However,
in Case 2, using plastic barriers resulted in the continuous increase in this volume within the first
25 min while this volume was near zero if without plastic barriers. In conclusion, installing plastic
barriers needs careful consideration because they do not reduce the risk of airborne SARS-CoV-2
transmission and might even exacerbate it without localized ventilation and air cleaning.

Keywords: ventilation; airport security check areas; plastic barriers; aerosol infection risk; computa-
tional fluid dynamics (CFD)

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic has caused over 545.2 million
confirmed infections and over 6.3 million deaths globally, as of 1 July 2022 [1]. Its basic
reproductive rate (R0) was estimated to be in the range of 1.8-3.6. This is similar to the RO
range for SARS-CoV-1 and the 1918 influenza pandemic, which is 2.0-3.0, and much higher
than that for MERS-CoV (0.9) and the 2009 influenza pandemic (1.5) [2]. The new variant,
i.e.,, Omicron, has numerous mutations with potential to increase transmissibility [3]. Only
20 days following the first detected Omicron case in the US, it became the most dominant
strain, accounting for approximately 59% of all COVID-19 cases in the US [4]. Particularly,
COVID-19 can be transmitted quite effectively by mildly ill or presymptomatic patients [5].
Asymptomatic transmission accounts for around 59% of all transmission, with 35% for
presymptomatic patients and 24% for virus carriers that never developed symptoms [6].

SARS-CoV-2 can stay viable in aerosols smaller than 5 pm for up to 2.64 h [7]. The
viral bioaerosols can cause infection if exhaled. Aerosol transmission has been confirmed
by ferret experiments [8]. Based on the visualization by highly sensitive laser light in a
stagnant indoor environment, at an average viral load of 7 x 10° per milliliter [9], speaking
loudly for one minute can generate 1000 or more virus-carrying droplet nuclei of 4 um,
which remain airborne for over eight minutes [10]. This shows that normal speaking in con-
fined environment creates a substantial probability for aerosol transmission. Furthermore,
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a study by the US National Academic of Science, Engineering, and Medicine reported that
talking and even breathing could release bioaerosols carrying SARS-CoV-2 [11]. Likewise,
with laser beams and a high-sensitivity camera, a Japanese study corroborated that loud
conversation and breathing could release many respirable particles (10 pm). A number
of epidemiological investigations provided evidence for these patterns of aerosol trans-
mission [12-16]. Based on these studies, both the World Health Organization (WHO) [17]
and the US Center for Disease Control (CDC) [18] have acknowledged the potential for
human-to-human transmission via aerosol route.

Most COVID-19 infection transmission occurs in enclosed places such as homes [19,20],
public transportation [13,14], restaurants [12,16], shopping malls [21], supermarkets [22],
etc. Additionally, a super spreader can incite an outbreak of tens or hundreds of secondary
COVID-19 infections in indoor settings [23]. Hence, an airport terminal building deserves
focused attention as a unique space with a large number of people present for an extended
duration and limited capacity for adequate physical distancing. The Aviation Public
Health Initiative (APHI) project by Harvard School of Public Health conducted a survey
investigation of over 24 US airports and two non-US airports, interviewing the managers
of airports, leaders in airport associations, organizations associated with airport operations,
representatives of the Transportation Security Administration (TSA), and the US Customs
and Border Protection (CBP) [24]. According to the survey results, ventilation system
design for airport terminal buildings is not specified for mitigating airborne transmission.
Therefore, supplemental measures are required to reinforce the existing systems’ capacities
when appropriate physical distancing is not possible. Accordingly, to reduce the risk of
viral spread via inhalation, physical separation by clear acrylic sheets or plastic barriers and
screens are not only implemented where people interact face-to-face. They are also used in
queuing locations (e.g., TSA security screening area), which may develop “choke” points
due to the congregation of passengers. However, physical barriers are not appropriate for
all indoor settings. According to a review of the use of physical barriers in non-clinical
settings, they might be valuable for indoor settings where people have high frequency
but short duration interactions, but less valuable in places with long-duration interactions,
especially with poor ventilation [25]. In another review specified for the application of
physical barriers within healthcare, it concludes that ventilation plays a critical role in
determining the effectiveness of physical barriers to prevent airborne transmission risk [26].
Both reviews agree that the impact of physical barriers on viral spread is secondary to
indoor ventilation layout; and they must be paired with good ventilation. Regarding
application in airport TSA areas, we consider that the canyons created by the barriers may
block airflow and increase aerosol transmission risk by impeding the mixing, dilution, and
removal of viral aerosols released by breathing. Passengers behind an infectious person
might be exposed to higher viral aerosol concentrations when progressing in line.

Considering the aforementioned concerns, we undertook a numerical study based on
computational fluid dynamics (CFD) simulations at a steady state to assess the implications
of restricted airflow mirroring the conditions of TSA security checkpoint queues. This
investigation will compare the flow field, local ventilation efficiency, viral spread, and
aerosol infection risk obtained when using and not using tall plastic barriers (8 ft/2.44 m)
under two ventilation conditions to show the importance of properly designing canyons
with the consideration of existing room ventilation.

2. Methods

The TSA area and plastic barriers, as well as the indoor thermal and ventilation
conditions, are modeled based on information provided by an airport operator. The details
are given below.

2.1. Modeling of TSA Area

Figure 1 presents the simulated CFD models for the two cases with different air
diffuser distributions, each with plastic barriers used and unused. The simulation domain
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was created as a cube, but with the same floor area (1555 m?2/16,740 ftz) as a TSA area in
an international airport located in the northeastern United States. The CFD models only
included half of the space regarding spatial symmetry. Each model included 134 human
bodies to represent eight security officers and 126 passengers. Following social distancing
rules, human bodies were separated from each other at a distance of at least 1.8 m (6 ft).
Note that in each line the passengers lined up in the Y-direction. The passengers in line
were assumed to be separated by belt barriers that were ignored in the model in Case 1-1
and Case 2-1 and were instead separated by the continuously abutted vertical plastic panels
of 2.34 m (7.7 ft) in height and 3 cm (1.2 in) in depth. The bottom edge of plastic barriers
was 0.1 m (0.3 ft) above the floor. According to the airport operator, heat release from
people, lighting, and equipment was set to be 130 W/person, 7.53 W/m?, and 3.55 W/m?,
respectively. In the CFD simulations, it was assumed that 29% (37.7 W) of the total heat
release from a human body was by convection and 38% (49.53 W) by radiation [6,7].
Convective heat release was used as thermal boundary condition for the body surface,
while radiant heat release was used for the floor surface’s thermal boundary condition as
convective heat release. Moreover, heat release by lighting and equipment was assigned to
the ceiling and the floor, respectively. Finally, heat flux was 23.84 W/m? at the human body
surface, 12.35 W/m? at floor surface, and 7.53 W/m? at ceiling surface.
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Figure 1. CFD model in each simulation case: (a) Case 1-1, (b) Case 1-2, both have all slot diffusers
perpendicular to passenger lines, but without and with plastic barriers, respectively; (c) Case 2-1,
(d) Case 2-2, both have most slot diffusers parallel to passenger lines, but without and with plastic
barriers, respectively. The modeled room is 82.3 m (270 ft) in length, 18.9 m (62 ft) in width, and
3.66 m (12 ft) in height.

The simulation domain contains approximately 10.64 million tetrahedral cells in Case
1-1 and 2-1, 16.48 million tetrahedral cells in Case 1-2, and 14.89 million tetrahedral cells
in Case 2-2. Moreover, we created small blocks to include the proximity of human bodies
and inlet and outlet and generated fine mesh in these blocks to accurately catch the local
flow dynamics. As a result, the mesh quality was controlled with the aspect ratio to be 3.4,
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5.2,4.0, and 5.1, and equiangle skewness to be 0.75, 0.80, 0.75, and 0.79 in Case 1-1, 1-2, 2-1,
and 2-2.

2.2. CFD Modeling

The standard k-¢ model, which had been validated and applied in our previous CFD
practice for indoor environment simulation [27,28], was adopted with the SIMPLE algo-
rithm. Boussinesq function was activated to account for the buoyancy force of convective
flows around the surfaces. Spatial discretization used PRESTO! for pressure, first-order
upwind for scalars, and second-order upwind for other terms [29]. The convergence crite-
rion was 1 x 107 for energy and 3 x 10~# for other terms. Table 1 includes all boundary
conditions. Except for the middle section, all of the exits to the neighboring rooms were set
to be “Symmetric” as well, to simplify the model. The source person marked with a red
circle in Figure 1 was assumed to do constant exhalation at a rate of 0.4 L/s, which was
calculated according to an activity level of 1.3 Met and a breathing rate of 10 L /min [30].

Table 1. Boundary conditions.

Size: 12 m x 0.025 m (13); airflow rate: 3.4 m3/s;
Inlet velocity: 3.3 m/s at horizontal direction, 0.9 m/s
downward to the floor; temperature: 17 °C

Outlet Size: 1 m X 1 m (6), free-slip
Ceiling No-slip, 7.53 W/m? for heat release from lighting
Floor No-slip, 12.35 W/ m? for the radiant heat release from
human bodies and heat release from equipment
Wall No-slip, adiabatic
Entrance, exit, and virtual section Symmetric
Human body surface No-slip, 23.84 W/ m? for convective heat release

Area: 3 cm?, velocity: 1.33 m/s, temperature: 34 °C;

Source body’s mouth quanta generation rate: 100 quanta/h

2.3. Aerosol Infection Risk Estimation

Wells proposed the concept of quantum to represent the infectious aerosols attached
with viruses [31]. Intake of one quantum infectious aerosols will lead to 63% infection risk
on average. In this study, the drift-flux particle model [32] with an active scalar was applied
to simulate the spread of quanta as follows [33]:

v((?wﬁ)c) — V(A +A)VC) +5 1)

— —
where C is the quanta concentration (quanta/ m?), V is the velocity vector of air (m/s), Vs is
the setting velocity vector of quanta (m/s), A and A; are laminar and turbulent diffusivity,

7

respectively (m?/s), and S is the source term (quanta/ (m3-s)). XZ is determined by Stokes
law based on the aerosols’ size and density; therefore, it represents the gravitational force
on the aerosols. In the simulations, we set the aerosols” aerodynamic diameter to be 5 um,
and ignored the change of aerosol size due to evaporation and the deposition of aerosols on
surfaces. According to the viral load measured in the sputum, quanta generation rate could
be over 100 quanta/h even when an asymptomatic patient was doing light activities [34].
Therefore, we set the quanta generation rate to be 100 quanta/h with respect to an activity
level of 1.3 Met. Moreover, the convergence criterion was 1 x 1014 for the scalar in
the calculation.



Sustainability 2022, 14, 11281

5o0f 14

Both the airflow and quanta distribution were simulated at a steady state. Based on the
quanta distribution resulted from CFD, the Wells—Riley equation [35] was used to estimate
aerosol infection risk along the staying time in the queueing line as follows [28]:

P=1—e P! ()

where P is the probability of infection, C, is the quanta concentration in the inhalation
(quanta/m?3), p is the breathing rate (m3/s), and t is the total exposure time.

2.4. Local Ventilation Efficiencies

Two numerical indices were used to evaluate local ventilation efficiency with regard
to a virus source person, as well as the impact of plastic partitions, including mean residual
lifetime of air (MRLA) at the source person’s mouth opening and mean staying time within
the breathing zone in the canyon, where the source person is located, for exhaled viral
bioaerosols (T) [36]. Here, the region between the heights of 1.1 m and 1.8 m above the
floor is taken as the breathing zone. These two indices can be calculated with a passive
scalar at a steady state with the following transport equation:

%
V- <pV¢> =V-(I'Vgp) + S, ®)
[=288x10 50 + % @)

where ¢ is a passive scalar (-), I" is the diffusion coefficient (m?/s), p is the air density
(kg/m3), Hefr is the effective viscosity (Pa-s), and S, is the source for the scalar (kg/ (m3-s)).
At an air temperature around 20 °C, 2.88 x 107> Pa-s is recommended for a constant
laminar viscosity [37,38].

MRLA is simulated based on the reversed flow field with S, to be generated uniformly
throughout the simulation domain [39]. In the reversed flow field, air mass is assumed
to enter the room from exhaust openings, then gradually become contaminated. Hence,
the increase of concentration will be proportional to the time elapsed after the air mass
enters the room from the exhaust. With the nominal time constant, i.e., the reciprocal
of air exchange rate, the indoor passive scalar distribution can be converted to MRLA
distribution [39].

When simulating T, S, is assumed to be only generated uniformly throughout the
target zone, i.e., the breathing zone within the canyon, where the source person is located.
The calculation is based on the concept of local purging flow rate (L-PFR), which is originally
defined as the effective airflow to remove or purge a contaminant from a domain [36]. Taken
as the net ventilation rate in the target zone, L-PFR can be calculated by dividing (S,-V)
by average scalar concentration (¢,) in the zone, or by dividing the zone volume (V) by
Ts [40]. Accordingly, Ts can be calculated as:

T, =% )

Importantly, T is the mean time for all the air pollutants generated in the canyon to
stay there, not specified for those from the source. Therefore, T; is possible to be greater
than MRLA values.

3. Results

This section will introduce the simulation results of the flow field, local ventilation
efficiency, quanta concentration, and infection probability. Here, local ventilation efficiency
will be represented by MRLA and T, demonstrating ventilation impacts on the spread of
exhaled viral bioaerosols, as well as the aerosol infection risk.
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3.1. Velocity Distribution

Figures 2 and 3 present the zoomed-in velocity distributions at the vertical section
across the center of the source person’s mouth and the horizontal section at the height of
mouth (1.56 m), respectively. According to Figure 2, air distribution determines the flow
field around the human bodjies. Particularly, without plastic barriers, air between the source
human body and the person in front descended to the floor in Case 1-1 and rose in Case
2-1. According to Figure 2a, in Case 1-1, the downward airflow containing the shed viruses
from the index case split into two branches after impacting the floor, flowing forward and
backward. The forward moving air was mixed with the descending air between the two
bodies in front of the index case at the floor level. The contaminated parcel of air was then
involved in the circulated air potentially exposing the person directly in front of the index
case. The air that diverted backwards flowed to the face of the person behind the index
case. According to Figure 2¢, in Case 2-1, the air rose between the index case and the people
in front and behind. However, the exhaled gas by the index case mixed with the air at
the ceiling level and then either flowed forward or backward. The forward airflow was
blocked by the downward supply airflow and entrained into the air circulation between
the two people in front of the index case. The air moving backwards went downward right
behind the body standing behind the index case. In both cases, the presence of plastic
barriers resulted in more uniform velocity distribution and changed the flow patterns in the
canyon. As illustrated in Figure 2b, in Case 1-2, as the downward airflow from the ceiling
was split by the plastic barriers and weakened, thermal plumes around human bodies
became stronger and changed the size and location of the aforementioned air circulations in
Case 1-1. In Case 2-2, the plastic barriers were perpendicular to the orientation of supplied
air and demonstrated a more significant blocking effect on the supplied airflow from the
ceiling as shown in Figure 3d, resulting in a stronger horizontal air movement above the
canyon than in Case 1-2 as shown in Figure 3b, which suppressed the thermal plumes
around the human bodies.

Vel. (m/s)
1.00

Figure 2. Zoomed-in velocity distributions in the vertical section across the center of the source’s
mouth in: (a) Case 1-1, (b) Case 1-2, (c) Case 2-1, and (d) Case 2-2. (Source human body is marked in
gray and other passengers are in white).

3.2. Local Ventilation Efficiency

Table 2 summarizes the MRLA at the source’s mouth opening and T; in the breathing
zone of the canyon where the source is. Consistent with velocity distributions, using the
plastic barriers improved local ventilation in Case 1-2 because the enhanced thermal plumes
promoted the exhaust of local air from the canyon, and it was deteriorated in Case 2-2
because the enhanced horizontal air movement suppressed the exhaust of local air from the
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canyon. However, plastic barriers resulted in marginal changes in MRLA and T; (<10%).
Using plastic barriers improved local ventilation efficiency where the source was in Case 1
but reversed in Case 2. In a large volume such as the studied space, using plastic barriers
or not, it took over seven minutes in Case 1 and over ten minutes in Case 2 for the exhaled
viruses to be exhausted. On average, viruses released in the canyon would stay there for
approximately ten minutes in each case.

Vel. (m/s) §
1.00 §

0.90
0.80 [
0.70
0.60
0.50
0.40
0.30 |
0.20 L
0.10
0.00

(0 (d)

Figure 3. Zoomed-in velocity distributions in the horizontal section at the height of mouths (1.56 m)
in: (a) Case 1-1, (b) Case 1-2, (c) Case 2-1, and (d) Case 2-2. (Source is marked by red circle. Red lines
denote the slot linear air diffusers).

Table 2. Simulation results for MRLA at the source’s mouth and T in the canyon with the source.

Cases 1-1 1-2 2-1 2-2
MRLA (s) 464 445 603 663
Ts (s) 623 595 587 603

3.3. Viral Bioaerosol (Quanta) Distribution

Figure 4 demonstrates the spatial spread of SARS-CoV-2 quanta, with zoomed-in 3D
quanta distributions by the iso-surfaces with concentrations of 0.01, 0.02, 0.03, 0.04, and
0.05 quanta/m?3, respectively. Figure 5 gives the zoomed-in 2D quanta distributions in the
vertical section across the source’s mouth and in the horizontal section at the height of
the mouth. In each case, plastic barriers changed the spread pattern of viral bioaerosols
and concentrated virus in the canyon where the source was. Particularly in Case 2-2,
viral aerosol concentration increased everywhere in the canyon with the source due to the
promoted air circulations in the canyon; moreover, viral aerosol concentration reached
above 0.01 quanta/m? at the height of mouth in all the canyons located at the side of
the outlet. We also calculated the volumes with viral aerosol concentrations of >0.01
quanta/m?3, >0.02 quanta/m3, and >0.05 quanta/m? within the breathing zone, for each
case. The results are given in Table 3. We can see that installing plastic barriers could only
result in small differences in the volumes in Case 1, but significantly increased the volumes
in Case 2.



Sustainability 2022, 14, 11281 8of 14

Viral Con.

(quanta/m?)
0.05

0.04
0.03
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(©) (d)

Figure 4. Iso-concentration surfaces of 0.01, 0.02, 0.03, 0.04, and 0.05 quanta/ m? in: (a) Case 1-1,
(b) Case 1-2, (c) Case 2-1, and (d) Case 2-2. (Blue circle identifies the source and red arrows show the
air flowing from the slot linear air diffusers).

Viral Con.
(quanta/m?)
0.10

0.09 (003 1 N B R
0.07 | iy R AN 0.04
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0.05 [ ‘ | ——
t0.04
l0.03
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0.00

*0.01 -
R -

0.1

(8) (h)

Figure 5. Zoomed-in 2D quanta distributions in the vertical section across the center of the source’s
mouth in: (a) Case 1-1, (b) Case 1-2, (c) Case 2-1, and (d) Case 2-2; and in the horizontal section across
at the height of mouth (1.56 m) in: (e) Case 1-1, (f) Case 1-2, (g) Case 2-1, and (h) Case 2-2. (Source
human body is marked in gray in (a-d) and marked by black circle in (e-h). Red lines in (e-h) denote
the slot linear air diffusers).
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Table 3. Simulation results of the volume with high infection risks in the breathing zone.
Cases 1-1 1-2 2-1 2-2
>0.01 quanta/m3 71.41 m3 71.67 m3 89.12 m3 125.04 m3
>0.02 quanta/m3 27.33 m? 24.51 m? 8.01 m3 21.89 m?
>0.05 quanta/m?3 3.37 m? 3.80 m? 0.07 m3 7.36 m3

3.4. Infection Risk

Figure 6 shows an increase of the region with the infection risks to be higher than 1%
and 5% (called 1% risk region and 5% risk region henceforth) in the breathing zone along
with time in each case. Here, the space occupied by the human bodies and plastic barriers
was not counted. In Case 1, the 1% risk region was similar in size with the exposure less
than 25 min whether plastic barriers were present or not. The increase of 1% risk region
started to accelerate after a 25-min exposure in Case 1-1 and after a 45-min exposure in
Case 1-2. For the 5% risk region, using plastic barriers did not make a notable change in its
size with an exposure less than 34 min; however, later, the region was continuously larger
than the condition not using plastic barriers and the difference was gradually increased.
In Case 2, the presence of barriers always increased the risk regions, with the difference
increased with time when compared to the no barrier case. The impact of barriers was
even more striking for the 5% risk region. It is worth pointing out that the size of each risk
region was always smallest in Case 2-1, independent of risk and exposure time because of
the greater distribution of small viral aerosol concentration at the height of the breathing
zone. In contrast, with plastic barriers aligned parallel to the ceiling diffusers (Case 2-2),
the volume of the 1% risk region was larger than other cases up to 30 min. There was little
difference among the cases for the 5% risk volume for the first 15 min. After 15 min, the
effect of the Case 2-2 configuration produced an increasing volume of high risk.

45 ¢ 35
t —Case 1-1 t —Case 1-1 A
40 F ’ b s
t — -Case 1-2 ,’ 30 [ - -Case1-2 L7 ’
35 F / [ -
t —Case 2-1 / 25 [ —Case2-1 —

30 F 4 [ o P
— t = =Case 2-2 4 E [ = -Case 2-2 ’ ’
Exs f £20
2 -]

320 ¢ 215
= LT

15 F [

10 |

10 F .

s E 0.5

0 - : 00 L

0 10 20 30 40 50 60 0 10 20 30 40 50 60

Time (minute) Time (minute)

Figure 6. The volume with infection risk > 1% (left) and infection risk > 5% (right), versus time.

Figure 7 demonstrates the risk distributions by iso-surfaces with the infection risk to
be 1%, 2%, 3%, 4%, and 5%, in each case. Installing plexiglass barriers reduced infection
risk distribution at the direction perpendicular to the passenger lines in Case 1-2; however,
remarkably increased infection risk in the canyon with the source in Case 2-2.
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Figure 7. Iso-surfaces for infection risk to be 1%, 2%, 3%, 4%, and 5% after a 30-min exposure, in:
(a) Case 1-1, (b) Case 1-2, (c) Case 2-1, and (d) Case 2-2. (Blue circle identifies the source and red
arrows show the air flowing from the slot linear air diffusers).

4. Discussion

Installing plastic barriers affects the spread of exhaled viral bioaerosols and hence
infection risk by interfering with the interaction of thermal plumes around human bodies
and the ventilation-driven airflow of the area. While plastic barriers may help to main-
tain physical separation, they are ineffective in reducing localized concentrations of viral
aerosols if present. The CFD results show that tall plastic barriers contribute to the concen-
tration of virus plumes in these artificial canyons. The potential risk of infection among
passengers queuing for TSA security checks is not reduced by plastic barriers. Even when
the ventilation system aligns supply air diffusers perpendicular to the orientation of the
barriers (Case 1-2), large volumes of air are directed downward into the narrow artificial
corridors created by the plastic barriers. For the less favorable configuration where supply
diffusers aligned parallel with the queuing lines, Case 2-2 dispersion is worse because
there is little airflow directed into the canyons. Higher concentrations of virus may “linger
longer” in under-ventilated canyons. Risk may be further increased given that subsequent
passengers will inevitably have to pass along the same narrow corridor and through areas
of potentially higher viral aerosol concentrations. Similar results have been observed in the
indoor settings of canteens. Here, the effect of using physical partitions to block aerosol
transmission was limited to some extent because the aerosols could gather viral aerosols in
the breathing zone of partitioned space and pose a certain infection risk to the next people
sitting there [41]. Our results are consistent with the finding in the canteen that using a
physical partition introduced a new possible route of aerosol transmission [42]. Keeping
queuing times short and increasing ventilation rates without plastic barriers is a preferred
strategy to reduce transmission risk to passengers. Local air cleaning for the canyon is also
considered an option; however, it should be cautioned that a portable air cleaner installed
at the floor level may aid in the spread of exhaled viruses as well [43].

Simulating the dynamic movement of travelers in queueing lines and consideration of
barriers with different heights and spacers were beyond the scope of this modeling effort.
Furthermore, this analysis did not consider the effects of air displacement caused by the
movement of human bodies in the queueing. The slow, infrequent, and short-duration
nature of walking in the queueing lines did not have a significant effect on local viral



Sustainability 2022, 14, 11281

11 0f 14

aerosol concentrations because a much higher momentum would be needed to push viral
aerosols on top of the barrier. Nevertheless, the simulations performed were illustrative in
showing how airflow would be altered in the presence of plastic barriers. Plastic barriers
have the potential to make transmission risk worse in a densely populated airport situation.
Airport operators, when considering where and what time to install the barriers, must
consider compatibility with existing ventilation systems.

Note that the 100 quanta/h emission rate [34] used in the simulation was derived from
the transmission events caused by the previous SARS-CoV-2 viruses. The latest Omicron
variant spreads more easily than the Delta variant and has become the dominant strain for
COVID-19 infections [3,4,44]. As Delta was estimated to be 80 to 90% more transmissible
than the Alpha [45], our simulation with 100 quanta/h emission rate may underestimate
the transmission risk with regard to Delta and Omicron. In a Hong Kong hotel with
strict quarantine precautions, Omicron was transmitted from an asymptomatic and fully
vaccinated traveler to another fully vaccinated traveler in the room across a corridor [46].
Accordingly, Omicron can cause breakthrough infections in people who are fully vaccinated
and spread from those vaccinated without symptoms, possibly by airborne route. Such a
situation highlights the importance of properly creating infection control strategies with
full consideration on fluid dynamics.

This study simulated two specified ventilation designs for a typical TSA area in a US
airport. The simulation results regarding indoor flow pattern and viral distribution are not
representative for all kinds of ventilation designs and all airport TSA areas. Conceivably,
even the changes in boundary conditions, such as airflow rate and velocity, will result in
completely different simulation results. However, the fact confirmed by this study, that
using plastic barriers may increase aerosol infection risk under unfavorable ventilation
conditions, is universally applicable.

5. Conclusions

This study investigated changes in local flow field, ventilation efficiency, viral aerosol
concentrations, and aerosol infection risk resulting from the use of plastic barriers. The
following major conclusions emerged:

(1) Plastic barriers block air movement between two canyons created by barriers, while
at the same time they support air movement along the canyon. Therefore, using
plastic barriers can completely change air movement between the index case and
other passengers, both in direction and speed. Apparently, the plastic barriers were
positioned to impede air movement by the existing ventilation in Case 2 and hence
locally concentrated viral aerosols in the canyon.

(2) InCase 1, using plastic barriers only made small differences in the volumes with high
viral aerosol concentrations in the breathing zone of TSA. In Case 2, using plastic
barriers led to the volume increase of 40%, 1.7 times, and 108.6 times for the region
with viral aerosol concentration to be >0.01 quanta/m3, >0.02 quanta/m?, and >0.05
quanta/m?3, respectively. Consistent with the results of flow field, in Case 2, using
plastic barriers significantly increased the volume of high viral aerosol concentrations
in the breathing zone.

(3) The volume with high infection risk in breathing zone is also greatly impacted by the
relative spatial relationship between plastic barriers and air diffusers. Importantly,
without plastic barriers and with diffuser distribution present in Case 2, the high-risk
volume was approximately zero in the first 25 min, so infection control is effective
with this ventilation system. However, the use of plastic barriers increased the risk for
the passenger, resulting in the volume of 8.7 m? for 1% risk region, and 1 m? for 5%
risk region, at 25 min. Meanwhile, in Case 1, the volume was <1 m3 for 1% risk region
and <0.7 m3 for 5% risk region, in the first 25 min. Therefore, in the first 25 min, using
plastic barriers made a small difference in risk for Case 1, but in Case 2, this difference
was much more significant.
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Using plastic barriers can negatively impact local air movement and may impede
the ventilation-drive improvement in localized mixing, dilution, and removal of airborne
bioaerosols. Overall, plastic barriers redistributed risk for passengers in such a way that
localized ventilation or air cleaning in the canyons was needed to match the risk levels
without the barriers.
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