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ABSTRACT 

We conducted a series of static and dynamic experiments in a fleet of passenger railcars and 

locomotives for a large-scale, mass-transit company to measure the: (1) aerosol concentrations 

corresponding to respirable-sized/viral aerosols; (2) aerosol removal rates; and (3) air changes per hour 

(ACH) provided by the existing air handling systems. We evaluated the ventilation and air filtration (HVAC) 

systems effectiveness in a range of representative conditions to assess exposure risk.  The risk of exposure 

to SARS-CoV-2 was assessed: (1) under standard conditions; (2) using minimum reported efficiency value 

(MERV) filters with increased filtration ratings; and (3) in the presence of a high-efficiency particulate-

absorbing (HEPA)-scavenging system. 

The engineering controls evaluated included: (1) recirculated to fresh air ventilation ratio; (2) MERV 

filters filtration efficiency; and (3) use of an air purifier. Aerosols were generated in the 0.3–5.0 µm size 

range using a Collison Nebulizer. Real-time aerosol concentrations were measured at multiple locations 

using photodetector particle counters. The ACHs and removal rates were calculated using log-linear 

regression. An analysis of variance was used to compare the particle concentrations under the different 

experimental conditions while a multiple linear regression was used to identify which engineering 

control(s) impacted the particle concentrations. The risk of exposure was estimated using an approach 

developed by Miller et al. 

The recirculated to fresh air ratio had a minimal effect on particle air concentrations and on particle 

removal rates. The higher efficiency MERV13 filters significantly reduced particle concentrations (p<0.05) 

and significantly increased particle removal rates (p<0.01) compared to MERV8 filters. Compared to 

standard conditions, MERV13 filters reduced the exposure risk by 42%. Use of a HEPA-scavenger with a 

MERV13 filter causes a further reduction in risk (by 50%). The risk of exposure in the engine locomotives 

was much lower than in the passenger railcars due to much higher ACH values.  

These results show that a simple upgrade in the efficiency of the HVAC filters results in reductions of 

particle concentration and risk of exposure in public-transit vehicles. Widespread upgrading of HVAC filter 
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efficiency in public-transit vehicles could reduce community-spread infectious respiratory diseases, 

protect transit workers, and slow disease spread.  
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1. INTRODUCTION   

With the pandemic caused by the severe acute respiratory syndrome corona virus-2 (SARS-CoV-2), 

public transit in the US saw a dramatic reduction in usage, with some cities’ ridership declining by as much 

as 90%1 as commuters started working remotely, and leisure and business travel halted. Furthermore, as 

the science around SARS-CoV-2 evolved and it became clearer that the virus causing Coronavirus Disease-

2019 (COVID-19) was transmitted via respiratory aerosols,2-4 studies asserting that public transit was a 

major vector for transmission5,6 prompted transit agencies to take measures to reduce the risk of exposure 

to SARS-CoV-27-11 and subsequently, reduce the risk exposure for passengers and for industry employees. 

Industrial hygiene has long established that the most successful way to reduce exposure to aerosols 

of any kind is through increased ventilation.12,13 For SARS-CoV-2, the use of fresh air ventilation is 

ideal;3,14,15 however, this is typically not possible on high-speed trains. Therefore, the industry is left with 

ensuring that their ventilation systems are in top working order to control for exposure.  

In partnership with a large-scale, interstate, mass-rail-transit company, we conducted a series 

experiments in a fleet of passenger railcars and engine locomotives to assess the adequacy of the train’s 

ventilation and filtration of the air handling systems to provide safe and clean air to passengers, transit 

employees, and to prevent community spread of COVID-19. Our objectives were to determine the effects 

of using a series of engineering controls on (1) the average particle number concentration in different size 

ranges corresponding to viral respirable aerosols; (2) the removal rate per hour of these aerosols; and (3) 

the estimated air change per hour (ACH) in a fleet of passenger railcars and engine locomotives under 

both static and dynamic conditions to evaluate the effectiveness of the ventilation and air filtration 

systems in a range of representative conditions and the risk of exposure. The engineering controls of 

interest included the: 

1. Ventilation damper position (corresponding to the ratio of recirculated to fresh air); 
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2. Particle filtration efficiency of different minimum reported efficiency value (MERV) filters in the 

heating, ventilation, and air conditioning (HVAC) system;  

3. Presence or absence of a presence of a high-efficiency particulate absorbing (HEPA) filter 

scavenging system. 

 

1.1 Background on mass-rail-transit vehicles heating, ventilation, and air conditioning (HVAC) systems  

1.1.1 HVAC system of railcar 

The passenger railcars had 72 seats evenly spread over 18 rows with a central aisle, overhead 

compartments above each row, and two bathrooms on one end (Figure 1.1). Each car had a total volume 

of 5,314 ft3 with a designed fresh air intake flowrate of 1,200 cubic feet per minute (cfm) and a designed 

total supply airflow rate of 3,600 cfm. Thus, the air in the car was filtered approximately 40 times per hour 

(Equation 1.1)  and replaced with fresh air 13 times per hour (Equation 1.1), according to design. Fresh air 

is brought into the car through dampers into the return air plenum, where it mixes with the recirculated 

air, passes through a MERV8 filter, then through heating and cooling elements into the supply air plenum 

and then back into the car. An exhaust blower removes a portion of the car air to the outside, and 

approximately 20% of the volume of the car is replaced with fresh air every minute. The cars were not air-

tight, and when in motion, the amount of fresh air entering the cars increased. Additionally, every time 

the doors opened at a station, the volume of air was mixed and any filtration of the passenger 

compartment from the HVAC system was lost. As designed, these cars can operate at speeds up to 

125 mph (201 km/h).  
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Air changes per hour (ACH) 

ACH =
𝑡𝑜𝑡𝑎𝑙 𝑠𝑢𝑝𝑝𝑙𝑦 𝑎𝑖𝑟 𝑜𝑟 𝑓𝑟𝑒𝑠ℎ 𝑎𝑖𝑟 𝑖𝑛𝑡𝑎𝑘𝑒 𝑓𝑙𝑜𝑤  (𝑐𝑓𝑚) × 60 𝑚𝑖𝑛 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑐𝑎𝑟 (𝑓𝑡3)
 

1.1.2 HVAC system of engine locomotives  

Two different engine locomotives were also assessed, an older, diesel-powered locomotive and a 

newer, electric-powered one (Figure 1.2). Each locomotive had three seats, one on the right for the 

engineer, on the left for the assistant engineer, and the third for the breakman or conductor, which was 

located behind the 

assistant engineer, 

typically folded up 

when not in use. Both 

types of locomotives 

had windows (one on 

each side) that slide 

open as well as a single 

bathroom located in the front hood area of the locomotive. The approximate volume of the diesel-

powered locomotive  was 174 ft3 and the approximate volume of the electric-powered locomotive was 

290 ft3. The designed air changes per hour for these locomotives (with an approximate usable volume of 

417 ft3) were much higher than the passenger cabins (>25).  

 

 

Figure 1.1. Layout of railcar. 

 

 

 

Figure 1.2. Layouts of diesel-powered locomotive (top) and electric locomotive (bottom). 

(Eq. 1.1) 
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2. METHODS 

2.1 Study design  

The experiments in the passenger railcars were carried out under both static and dynamic conditions. 

Static conditions included evaluating the effectiveness of all three engineering controls while the train 

was at rest in the maintenance yard. Dynamic conditions, however, restricted our ability to evaluate all 

combinations of the engineering controls as these experiments were conducted as the train was moving, 

at an average moving speed between 73 and 85 mph, over approx. 300 miles. All experiments in the 

locomotives were done under static conditions. The total air ventilation rate through the car could not be 

changed. 

The engineering controls of interest to be evaluated included:  

1. Ratio of recirculated to fresh air via damper position (two positions reflecting ratios of 90:10 

and 80:20 recirculated : fresh air) 

2. Particle filtration efficiency of a MERV8 filter compared to that of a MERV13 in the HVAC. The 

default filter is a MERV8, with particle filtration efficiencies >20% and >70% for particles 1.0-

3.0 µm and 3.0-10 µm, respectively, while the MERV13 has particle filtration efficiencies 

>50%, >85%, and >90% for particles 0.3-1.0 µm, 1.0-3.0 µm, and  3.0-10 µm, respectively.  

3. Presence or absence of a HEPA air scavenging system (OmniAire 600V negative air machine 

with a flow rate of 150-550 cfm, 8” diameter exhaust collar, standard HEPA and MERV9 

secondary filter). 
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2.1.1 Railcar static sampling 

The sampling plan for the passenger railcars under static conditions is shown in Table 2.1. Standard 

operating conditions for this passenger car are reflected in sampling conditions 1 and 2. It is common for 

the damper positions to be changed (i.e. changing the ratio of recirculated : fresh air) under a variety of 

different circumstances (change in ambient temperature, traveling through urban vs rural areas, etc.) but 

it is not typical to change the efficiency of the HVAC filter nor employ the use of an air purifier/air 

scavenger system on the railcars.  

2.1.2 Railcar dynamic sampling 

The sampling plan for the passenger railcars under dynamic conditions is shown in Table 2.2. Given 

the constraints of a moving train, we could not change the damper position or the filter type. Even though 

changing the damper position is common in certain situations, it is not typically done during transit. 

Therefore, to capture the more realistic data possible, we did not change the damper position. 

Additionally, we were able to install the HEPA scavenger unit (Figure 2.1) and operate it at high and low 

fan speeds. 

Table 2.1. Railcar static sampling plan 

 

Table 2.2. Railcar dynamic sampling plan 
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2.1.3 Locomotive static sampling 

The sampling plan for the engine locomotives under static conditions is shown in Table 2.3. Due to 

the design of the locomotives, it was not possible to change any of the ventilation conditions. Therefore, 

measurements were made under standard operating conditions: standard ACH (15 ACH), damper position 

as is, HVAC with a MERV8 filter, and no HEPA scavenger. 

 

2.2 Aerosol generation 

We developed a protocol for generating aerosols in the 0.3 – 5 µm size range using a Collison Nebulizer 

(MRE-3jet with attached pressure gauge) with a 70:30 mixture of propylene glycol and vegetable glycerin. 

The nebulizer in the rail car was connected by an air supply line (3/8”; 200 psi; Contentinental, ContiTech) 

to a high-pressure air supply (average psi = 128.34; sd = 3.32) located in the machine shop at the railyard 

(Figures 2.2a and 2.2c). A HEPA filter was placed in-line to filter the shop air prior to it entering the 

nebulizer (Figure 2.2b). The nebulizer was placed on a stand 1.0 m above the floor with the outlet 0.2 m 

Figure 2.1. Placement of HEPA scavenger unit in passenger car during dynamic tests. 

Table 2.3. Locomotives static sampling plan 
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above that for a total of 1.2 m. This height is equivalent to the distance from the floor to the middle part 

of the seat's headrest, making it a good approximation for the height of a person's breathing zone. 

Each experimental run lasted approx. 30 minutes, with the Collison nebulizer generating the aerosol 

for the first 15 minutes (aerosol concentration increase) and no aerosol generation for the second 15 

minutes (aerosol concentration decrease). 

 

2.3 Direct reading measurements  

Real-time aerosol concentrations were measured at multiple locations in the passenger cars and 

locomotives using photodetector particle counters (AeroTrak Handheld Particle Counter - Model 9306; 

TSI; Shoreview, MN). The AeroTraks count particles using a laser beam and photodetector to detect light 

scattering and provides particle counts in 6 size ranges:<0.3 µm, 0.3-0.5 µm, 0.5-1.0 µm, 1-3 µm, 3-5 µm, 

and 5-10 µm. It also yields particle size distributions by number.  

In the passenger cars, four Aerotrak units were placed at different locations within the cars, two on 

each side of the nebulizer, with one placed on a seat (0.5 m from floor) and one elevated on the luggage 

rack (1.6 m from floor) so that each end of the car had two Aerotraks at seat level and two at eye level 

a b c 

Figure 2.2. Pressured-air delivery system setup. (a) High pressure air line from maintenance 
shop, (b) in-line HEPA filter to clean supply air, and (c) Collison nebulizer in rail car. 
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(Figure 2.3). Aerosol concentration measurements were logged at 1-minute intervals for each experiment 

and downloaded to a computer as .csv files at the end of each monitoring day.  

In the locomotives, one Aerotrak was placed on the engineer’s seat while another one was placed on 

the assistant engineer seat, both 0.5 m from floor (Figure 2.4). Aerosol concentration measurements were 

logged at 1-minute intervals for each experiment and downloaded to a computer as .csv files at the end 

of each monitoring day. 

 

Figure 2.4. Location of measurements in the electric locomotive at the Engineer’s and Assistant Engineer’s seats. 

 
 Figure 2.3. Sampling instrument locations in passenger rail car.  
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2.4 Data analysis 

2.4.1 Calculating average aerosol concentrations 

The data collected from the Aerotrak units were logged every minute. These were averaged to obtain 

an average particle concentration for each particle size range in each of the experimental conditions.  

2.4.2 Calculating ACH values  

The ventilation system of the cars was designed so that supply air comes in at regularly spaced 

intervals along the sides of the car and exists through the return-air ducts at both the ends of the car. A 

well-mixed room (WMR) model can be applied to this situation. The WMR models a room of volume (V; 

ft3) with a constant ventilation airflow rate of (Q; cfm) where an airborne contaminant is being generated 

at some rate (G; mass or number/min) to produce a contaminant concentration inside the room (Cin; mass 

or number/ft3). In this case, V  was the measured volume of the cars/locomotives, Q was the flow rate of 

the air entering and leaving the cars/locomotives, G was the rate that aerosol particles were generated 

(in number/min), and Cin was the number of particles in each size range measured in the space (in 

number/ft3). This model assumes a balance in the volumetric rate (cfm) of air entering and leaving a room. 

That is, the Q entering the space is equivalent to the Q leaving the space.  

It is also assumed that Cin will be reduced by both ventilation and non-ventilation elements (Q and 

non-Q or kL). For aerosols, these non-ventilation elements (kL; min-1) include gravitational settling, 

diffusion on to walls, impaction losses, thermophoresis, and condensation/evaporation, the influence of 

each depending on the size of the aerosol. Furthermore, in the case of viral infectious aerosols, they will 

also include virus decay. All non-ventilation loss mechanisms are combined into one term kL and denoted 

as the loss rate coefficient or the fractional mass of contaminant in the room removed per minute. Thus, 

ventilation and non-ventilation elements (Q + kL) decrease the amount of contaminant in the room. The 

resulting mass balance equation is a differential equation with a solution for a contaminant concentration 

at time (t) given by: 
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𝐶(𝑡)   =  
𝐺  +  𝐶𝐼𝑁𝑄

𝑄  +   𝑘𝐿𝑉
 (1  −  𝑒𝑥𝑝 (−

𝑄  +   𝑘𝐿𝑉

𝑉
𝑡))  +  𝐶(𝑜) 𝑒𝑥𝑝 (−

𝑄  +  𝑘𝐿𝑉

𝑉
𝑡) 

Assuming the air within the car is contaminant-free at the beginning of each experiment (Co = 0), the 

equation reduces to: 

𝐶(𝑡)   =  
𝐺  +  𝐶𝐼𝑁𝑄

𝑄  +  𝑘𝐿𝑉
 (1  −   𝑒𝑥𝑝 (−

𝑄  +  𝑘𝐿𝑉

𝑉
𝑡)) 

This is referred to as the generation phase and is modeling when a contaminant is being generated and 

the concentration in the car is increasing. When the contaminant generation ceases (G = 0), its 

concentration starts decreasing over time and Equation 2.1 is reduced to: 

𝐶(𝑡)   =  𝐶(𝑜) 𝑒𝑥𝑝 (−
𝑄  +  𝑘𝐿𝑉

𝑉
𝑡) 

This is also known as the purging equation, where Co is now the peak contaminant concentration reached 

in the car prior to ending G.  

Note that the exponential term, (
𝑄 + 𝑘𝐿𝑉

𝑉
), is the total removal rate of the contaminant, including both 

ventilation and non-ventilation elements (Q + kL). As previously stated, kL depends on particle size, and 

increases/decreases in proportion to particle size. Therefore, as particle size increases the influences of 

gravitational settling, impaction, and other non-ventilation mechanisms play greater roles in the particles’ 

dynamics and increase the magnitude of kL. However, as particle size decreases, many non-ventilation 

mechanisms play lesser roles in aerosol movement and these smaller particles (< 0.5 µm) are more heavily 

influenced by ventilation and airflow. This allows for the smaller particle removal rate to be used as an 

estimation for the number of changes per unit time. When the log of C(t) is plotted against time, a straight 

line is obtained with a slope of  
− 𝑄

𝑉
. 

(Eq. 2.1) 

(Eq. 2.2) 

(Eq. 2.3) 
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This approach was used to estimate ACH values using data from the Aerotraks. Since the data obtained 

using the Aerotrak units represent the four different locations where the Aerotraks were located, it should 

show roughly equivalent (within ± 5-10%) ACH values throughout the car if it truly is a WMR scenario. Any 

differences are likely spatial heterogeneity in ventilation. This approach was also used to estimate the 

removal rate of larger particles (> 0.5 µm).  

2.4.3 Estimating Risk of Exposure 

To estimate the risk of exposure, we used a modeling approach following Miller et al. (2021). Briefly, 

this approach assumes that all passengers maintain at least 6 ft distance between them. Because large 

droplets quickly settle out of the air, this social distancing limits the impact of droplets and focuses on risk 

due to aerosols. The model also makes the following assumptions: 

1. There is a 0.3% probability of an infected person being a passenger in the car. This is based on 

previous experience with the prevalence of infection in the broader community during the 

pandemic and adopted by Miller et al.16 (2021); 

2. There is no prior infectious material in the car before the trip begins; 

3. The latent period of the disease is longer than the length of the model; 

4. Infectious aerosols are evenly distributed throughout the cabin volume; 

5. Infectious aerosols are removed by a first-order process that includes ventilation (air changes per 

hour or ACH), deposition, and viral inactivation. 

In this model, the probability of exposure is assumed to be related to the number of quanta (airborne 

virus) inhaled. Quanta are used to represent infectious respiratory aerosol when the actual viral dose in 

the aerosol and the human dose-response required to cause infection are unknown.17,18 The average 

concentration of quanta in a room (Cavg) can be estimated as: 

𝐶𝑎𝑣𝑔 =
𝐸

𝐿𝑉
[1 −

1

𝐿𝐷
(1 − 𝑒−𝐿𝐷)] (Eq. 2.4) 
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Here, E is the quanta emission rate, L is the sum of all loss processes, D is the duration of the exposure, 

and V is the volume of the room. The emission of quanta is an uncertain parameter. Buonanno et al. (2020) 

estimated 50th percentile emissions of 0.36, 4.9, and 31 q/hr for resting, speaking at light activity, and 

speaking loudly or singing, respectively.  We assumed a value of 10 q/hr. For all the modeling presented 

here, we estimated the deposition of virus containing aerosols to surfaces as 0.3 hr-1, assuming most 

particles are between 0.3 and 1 µm in a furnished room with low airspeed.19 Values between 0.2-2.0 hr-1 

have been reported in the literature depending on air speed and particle size distribution. The natural 

decay rate of the virus has been assumed to be 0.32 hr-1. By assuming a breathing rate of 0.8 m3/hour for 

the passengers in the car, we can estimate the number of quanta inhaled by uninfected people and 

estimate the probability of exposure. The probability of exposure (Pe) is modeled as: 

𝑃𝑒  = 1 −  𝑒𝑥𝑝(− 𝑛) 

Here, n is the number of inhaled quanta. The quanta required for an infection to occur remains a highly 

uncertain value for COVID-19. The expected number of cases can be obtained by multiplying the 

probability of exposure by the number of uninfected people in the space (i.e. railcar). 

2.4.4 Statistical Analysis  

A three-way or multi-factor analysis of variance (ANOVA) was used to determine if any of three 

exposure-control measures significantly influenced the average aerosol concentrations in the cars (null 

hypothesis (HO): all group means are equal). An ANOVA will only indicate if there is or is not a statistically 

significant difference in the average aerosol concentrations between experimental conditions and will not 

identify which conditions are different. In other words, it will indicate if any of three exposure-control 

measures influenced the average aerosol concentrations, but it will not identify which exposure-control 

measure(s) is/was responsible. Therefore, to assess the impact each control measure had on the aerosol 

removal rate/ACH, we used multiple linear regression with a subsequent F-test to identify the statistical 

significance of the differences seen between exposure control measure use across aerosol size groups.   

(Eq.2.5) 
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3. RESULTS 

3.1 Size distribution generated by Collison nebulizer 

Particle sizes generated by the Collison nebulizer were lognormally distributed as shown in Figure 8 

with a geometric mean diameter of 0.19 µm and a geometric standard deviation of 1.55 µm. 

 

 

 

 

 

 

 

 

 

 

3.2 Passenger railcars  

3.2.1 Effect of study variables on particle air concentrations – STATIC Conditions 

The results of the comparison of aerosol concentrations by size across the different sampling 

scenarios are shown in Table 3.1. For all sizes except those aerosols greater than or equal to 5 µm in 

diameter, the average concentrations differ across the sampling scenarios. Figure 3.2 shows the effects 

of damper position, filter type, and the presence/absence of a HEPA scavenger on average concentrations 

of smaller particles (≤1.0 µm) and larger particles (>1.0 µm), respectively, in the passenger car. Together, 

these show that regardless of particle size, the damper position does not have a statistically significant 

effect on the average concentrations of particles in the rail car. These results also indicate that the higher 

efficiency MERV13 filters reduce the average air concentrations of particles, particularly for particles <0.3 

µm. There is no significant effect for larger particles, likely because of the smaller number of larger 

particles in the aerosol. Furthermore, these results also suggest that that the HEPA scavenger does not 

have a significant effect on air concentrations of particles in any size range. 

 

Figure 3.1. Distribution of count fraction per micrometer by particle diameter. 
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3.2.2 Effect of study variables on particle removal rates – STATIC Conditions 

A multiple linear regression was run to understand how much the aerosol removal rate will change 

when the exposure control variables change under static conditions (Table 3.2). The filter type had a 

statistically significantly effect on the aerosol removal rate for all particle sizes (p < 0.01; R2 = 0.24 to 0.56).  

The location of sample collection in the car also indicated statistically significant effects on the aerosol 

removal rates across all particle sizes (p < 0.015). However, the subsequent F-test indicated that only the 

interaction between the particle removal rate and filter type indicated statistically significant differences 

Table 3.1. ANOVA - Aerosol concentrations by sampling scenario under static conditions 

 
 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.2. Comparison of aerosol concentrations of particles across different experimental conditions during static testing in passenger 

railcars. Smaller particles (<0.3 µm, 0.3-0.5 µm, and 0.5-1.0 µm) shown left and larger particles (1-3 µm, 3-5 µm) shown right. 
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in removal rates across the different particle sizes when using different filter types (p < 0.01) (Figure 3.3). 

There were no statistically significant differences between particle removal rate across particle size and 

sample location (p = 0.35).  

Table 3.2. Coefficients for ACH by aerosol size under static conditions 

 
 

 

 

 

 

 

 

Figure 3.3. Aerosol removal rates across all particle sizes using MERV13 and MERV8 filters.  
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3.2.3 Effect of study variables on particle air concentrations – DYNAMIC Conditions 

Given the constraints of a moving train, the damper position nor the filter type could be changed. 

However, we were able to install the HEPA scavenger unit (Figure 2.1) and operate it at high and low fan 

speeds. The train traveled approximately 300 miles, averaging 75.6 mph with a max speed of 127 mph 

(Table 2.2).  

The results of the comparison of aerosol concentrations by size across the different sampling 

scenarios are shown in Table 3.3. For all sizes except those aerosols less than or equal to 0.3 µm in 

diameter, the average concentrations of aerosols did not differ across the sampling scenarios. Figure 3.4 

shows the effects of the presence/absence of a HEPA scavenger at varying fan speeds on the average 

concentrations of smaller particles (≤1.0 µm) and larger particles (>1.0 µm), respectively, in the passenger 

car. Regardless of particle size, the presence/absence of the HEPA scavenger does not have a statistically 

significant effect on the average concentrations of particles in the rail car.  

 

 

Table 3.3. ANOVA - Aerosol concentrations by sampling scenario under dynamic conditions 
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3.2.4 Effect of study variables on particle removal rates – DYNAMIC Conditions 

A multiple regression model was run to understand how much the aerosol removal rate will change 

when the exposure control variables change under dynamic conditions (Table 3.4). Use of the HEPA air 

purifier at both high and low fan speeds showed a statistically significant difference in the removal rate of 

aerosols ≤ 1.0 µm when compared to 

not using the air purifier (p < 0.05; R2 = 

0.34 to 0.54). We could not assess 

impact of changing the damper 

position or filter efficiency as these 

two things were unable to be change 

while the train was in motion. The 

location of sample collection in the car 

also indicated statistically significant 

effects on the aerosol removal rates 

across all particle sizes (p < 0.05). 

However, the subsequent F-tests on 

 

 

 

 

 

 

Figure 3.4. Comparison of aerosol concentrations across different experimental conditions during dynamic testing in passenger railcars. 
Smaller particles (<0.3 µm, 0.3-0.5 µm, and 0.5-1.0 µm) shown left and larger particles (1-3 µm, 3-5 µm) shown right. 

Table 3.4. Coefficients for ACH by aerosol size under dynamic 

conditions 
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the interaction between particle removal rate across particle size and use of the air purifier and sample 

location indicated that there were no statistically significant differences across groups (p = 0.87 and 0.86, 

respectively). 

3.3 Locomotives  

3.3.1 Effect of study variables on particle air concentrations-  STATIC Conditions 

Results comparing the average concentrations of particles in different size ranges in both the diesel-

powered and electric-powered locomotives are show in Figure 3.3. The differences in the particle 

concentrations for the Engineer and the Assistant Engineer locations do not appear different for the two 

types of locomotives. However, there is a difference in the amount of total aerosol volume generated in 

each locomotive.  

 

Figure 3.5. Comparison of aerosol concentrations of particles in different size ranges in the diesel-powered and electric-powered 

locomotives. 
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3.3.2 Effect of study variables on particle removal rates – STATIC Conditions 

Results comparing the average removal rate of particles in different size ranges in both the diesel-

powered and electric-powered locomotives are show in Figure 3.6. The differences in the particle removal 

rates both locomotives and for the Engineer and the Assistant Engineer locations within each locomotive 

do not appear different. Using the removal rates for particles <0.5 µm, the air changes values of the HVAC 

system with MERV8 filters in place were calculated to be between 17-35 ACH.  ANOVA and regression 

analysis were not run for these scenarios as assessment of the standard operating conditions were the 

focus of this part of the study and no conditions were changed. 

3.4 Risk of exposure in passenger railcars and locomotives  

We used a modeling approach following Miller et al. (2021) to estimate the probability of exposure 

in the passenger car.  As previously mentioned (Methods Section C4.3), this approach assumes that 0.3% 

 
 

Figure 3.7. Risk of exposure distribution in a passenger railcar (left) and in engine locomotives (right).   

 

 

Figure 3.6. Comparison of aerosol removal rates of particles in different size ranges in the diesel-powered and electric-

powered locomotives. 
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of the passenger population is infected in the car and that all passengers maintain at least 6 ft distance 

between them. 

Figure 3.7 shows the risk of exposure distribution in a passenger railcars and engine locomotives. In 

the railcar, the risk (probability) of exposure under standard conditions is 0.06%. The risk is unchanged 

with the introduction of a HEPA air scavenger. However, the risk of exposure was reduced by 42% using 

a MERV13 filter, and further reduced by 50% with both a MERV13 filter and the HEPA scavenger in use. 

For the engine locomotives, there are no significant differences in risk between the Engineer and 

Assistant Engineer locations in either locomotive type and no differences between the two types of 

locomotives. 
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4. DISCUSSION  

The results of this study suggest that increasing the efficiency of the HVAC filters in the railcar (i.e. 

changing to a higher MERV rating) reduced the overall average concentration of respirable-sized particles, 

increased the removal rate of those particles from the space, and reduced the risk of exposure should 

those particles contain COVID-like or other infectious agents of a similar size.  

Similar to the results of previous studies investigating COVID transmission on public transit,20-23 our 

findings are consistent with previous studies that showed low risk of exposure to SARS-CoV-2 from use of 

mass transit systems when the route of exposure is via aerosols. Furthermore, our results show that the 

most effective way to reduce the risk of exposure for passengers and for industry employees is also the 

more efficient – a simple upgrading of the HVAC filter.  

While other studies on COVID and related infectious-disease transmission in public transit6,24,25 

suggested that these systems may play a large role in community spread of viruses, most of these were 

conducted before or at beginning of pandemic when masking and social distancing not enforced. These 

prior studies also did not consider the influence of exposure control elements on the risk of exposure and 

were left to assess how transmission might occur under standard, pre-COVID, procedures.  

To the author’s knowledge, this work is the first to incorporate a risk of exposure analysis along with 

an exposure assessment to assess the effectiveness of various exposure control measures on public 

transit, let alone on public transit used primarily for long-distance commuting where passengers are likely 

to spend greater amounts of time. Furthermore, this study also developed and validated its own protocol 

for generating respirable-sized aerosols for use in this work rather than reliance on theoretical models to 

predict particle concentrations. Finally, by conducting an assessment of the engine locomotives, we 

included an occupational risk assessment independent of the risk assessment for passengers. 



 

22 
 

Although this work is a key step in assessing the effectiveness of various exposure control methods to 

respirable infectious agents, it is limited in that many of the controls (particularly the filters) could not be 

evaluated during dynamic testing. Furthermore, no measurements were taken with passengers, limiting 

the evaluation of human behavior on aerosol transport. However, as the same railcar was used in both 

the static and dynamic tests, and as similar HVAC systems are used in both the railcars and the types of 

locomotives evaluated, it is reasonable to consider that similar results would be seen when the railcar is 

in motion and in the engine locomotives. Additionally, since the results indicate that the cars were not 

well-mixed and had differences in particle concentration and removal rates, these conditions might be a 

reasonable representation of when passengers are present and moving about. Finally, the risk calculation 

relied on estimating the quanta emission rate rather than using the infectious dose as the dose-response 

relationship for SARS-CoV-2 is still uncertain. 

The results presented here show that a simple upgrade of the efficiency of the HVAC filters in public 

transit vehicles results in a clear reduction in particle concentration and reduction in the risk of exposure. 

Replacing the existing MERV8 filters with a new one does not lower particle concentration or exposure 

risk. Widespread upgrading of HVAC filter efficiency in public transit vehicles could help reduce the extent 

of community-spread infectious respiratory diseases, protect workers essential to the functioning of our 

cities, and overall contribute to slowing of current and future disease spread.  
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Baltimore City Health Department (BCHD) and BSPH                                         

Baltimore, MD 

PIs: Darcy Phelan-Emrick (Darcy.Phelan@baltimorecity.gov) and Emily Gurley (egurley1@jhu.edu)  
 

This practice-ship aims to provide students with on-the-job training in applied epidemiology and to 

support COVID-19 pandemic response efforts at BCHD. Overall, I was responsible for assisting 

BCHD with COVID-19 contact tracing efforts, including training, and monitoring the speed and 

performance of contact tracing operations. 

• Maintaining contact tracing materials and updating with new protocols and processes 

• Managing contact tracing trainings 

• Support volunteers making calls to confirmed COVID-19 cases and their close contacts  

• Conduct quality assurance of work and systems  

• Create daily reports that include key performance indicators and suggestions for 

improvements to digital content management systems  

• Serve as the point of contact for collaborative contact tracing related efforts between the 

BCHD and BSPH  

 

Occupational Risk Asmt. Research Assistant                               June 2019 to December 2019 

BSPH                                                                                                           Baltimore, MD 

PI: Mary Fox (mfox9@jhu.edu)  

This project involved an occupational epidemiology analysis and an occupational health risk assessment 

for the Virginia Joint Legislative Audit and Review Commission’s (JLARC) review of Virginia’s Workers’ 

Compensation Disease Presumptions for first responders (§ 65.2-402 and § 65.2-404). Specific tasks 

included: 

• Identification and assessment of existing research on occupation-disease associations; 

• Summary of findings from methodologically sound and independent studies; 
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mailto:kelsey.babik@gmail.com
https://law.lis.virginia.gov/vacode/title65.2/chapter4/section65.2-402/
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• Assessment of Virginia’s requirements to claim cancer presumption. 
 

As a direct result of this work: 

• JLARC produced and presented a report to the VA legislature, “Virginia’s Workers’ 

Compensation System and Disease Presumptions” 

• The VA legislature passed into law Senate Bill 9 (2020) and HB 438 (2020) expanding the health 

conditions that are compensable under law and making it easier for first responders to access 

workers’ compensation benefits.  

 

MSc Student, Research Assistant                    August 2018 to present 

BSPH                                                                                                                        Baltimore, MD 

PI: Gurumurthy “Ram” Ramachandran (gramach5@jhu.edu)  

My work is focused on developing predictive mathematical exposure models for exposure to aerosols. 

Specifically, I am interested in developing models for occupational exposure to aerosols in the respirable 

and nano-size range, particularly those found in pharmaceutical manufacturing. The models I will develop 

will be the first of their kind and will be applicable to numerous industries that utilize aerosols beyond the 

pharmaceutical industry.  

Environmental Health and Safety Engineer                                                     March 2017 to July 2018 

United Therapeutics Corporation                                                                                 Silver Spring, MD 

Supervisor: Katherine Wellman (301) 608-9292 

• Technically proficient in environmental compliance including wastewater, hazardous waste, 

hazardous materials management, and chemical reporting. 

• Supports program implementation corporate-wide and drives continuous improvement and 

sustainability practices. 

• Technically proficient for health and safety compliance including worker injury and illness 

prevention; hazardous materials handling; hazardous energy control; occupational exposure limits; 

biosafety; radiation safety; laboratory safety; PPE assessments; fall protection; and emergency 

preparedness and response. 

• Supports project with knowledge of EHS principles, practice, and regulatory requirements. 

• Administers pharmaceutical potent compound safety program including managing the industrial 

hygiene monitoring, respiratory protection program, and occupational health program. 

• Supports business growth by assessing new projects and processes for EHS impact. 

• Administers the UT Silver Spring site wastewater discharge control program including agency 

notifications, monitoring requirements, periodic sampling, user reports, and records retention. 

• Administers the UT Research Triangle Park (RTP), NC site wastewater discharge control program 

including agency notifications, monitoring requirements, periodic sampling, user reports, and records 

retention during RTP EHS staff shortage. 

• Administers the UT Silver Spring site hazardous waste management including chemical and 

biological waste removal, waste profiles, maintains manifests, conduct inspections, and 

environmental reporting and records retention. 

• Completes chemical reporting and community right-to-know submittals. Maintains inventor records 

and SDSs of hazardous chemicals and identifies materials on EPA or OSHA lists. 

• Administers engineering and work practice controls for hazards such as hazardous energy, 

flammable liquids, and fall protection. 

http://jlarc.virginia.gov/landing-2019-workers-compensation.asp
http://jlarc.virginia.gov/landing-2019-workers-compensation.asp
https://lis.virginia.gov/cgi-bin/legp604.exe?ses=201&typ=bil&val=sb9
https://lis.virginia.gov/cgi-bin/legp604.exe?201+bil+HB0438
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• Conducts program audits and inspections; makes recommendations through written technical reports; 

effectively communicates findings; and closes out audit reports.  

• Develops, plans, and implements EHS training and awareness programs.  

• Maintains EHS records including EHS training records, occupational health records, and 

occupational incidents/injury reports and records. 

• Conducts hazard evaluations of jobs and processes and performs routine inspections of facilities. 

• Conducts occupationally-related worker incident/injury investigations with effective root-cause 

analysis, identifies corrective actions, and tracks to completion.  

• Ensures emergency planning and drills are up to date. 

• Plans response for emergency situations such as injuries, illnesses, and chemical spills during 

business and non-business hours. 

• Supports other departments and supportive duties as assigned.  
 

Industrial Hygiene Fellow                                                                              August 2015 to March 2017 

National Institute for Occupational Safety and Health (NIOSH)                                   Cincinnati, OH 

Supervisor: CAPT. Cherie F. Estill (513) 237-8442 

• Design and conduct industrial hygiene field evaluations for companies manufacturing and using 

various nanomaterials. 

• Conduct exposure monitoring of various industrial workplaces manufacturing and using 

nanomaterials and other potentially harmful substances. 

• Assist fellow department staff in exposure monitoring of various industries including the firefighting 

and spray foam installation industries.  

• Evaluate work practices, workplace control measures, and relevant health and safety program 

elements of industries of interest. 

• Assist in the recruitment of companies and workers for a cohort study focusing on the long-term 

effects of exposure to carbon nanotubes.  

• Analyze occupational health data and industrial hygiene results to prepare final reports for the 

employer and agency.  

• Develop recommendations for addressing problems or hazards identified during field studies.  

• Work with senior staff to prepare talks or posters for conferences or presentations with relevant 

worker or industry groups. 

• Member of National Occupational Research Agenda (NORA) Manufacturing Sector Council and 

NORA Hearing Loss and Respiratory Health Cross-Sector Council 

• Specific Projects: 

o Characterizing workforces exposed to current and emerging nanomaterials in the U.S. 

o Epidemiology study of US carbon nanotube & nanofiber workers  

o Standardizing industrial hygiene data collection forms used by workers’ compensation 

insurers  
 

Research Administration Graduate Assistant                                   August 2014 to May 2015 

University of Maryland School of Public Health                         College Park, MD  

Supervisor: Dushanka V. Kleinman (301) 405-7201 

• Enter and update new and existing research grant proposals in the School of Public Health’s Access 

database by navigating the university-wide Coeus database system.  

• Assist the Associate Dean and other faculty members in compiling and organizing all research 

activity for the Council on Education for Public Health (CEPH) accreditation.   
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Occupational Health Intern                                                    June 2014 to August 2014 

Occupational Safety and Health Administration (OSHA)                                   Washington, DC 

Supervisors: Drs. Kathleen Fagan and Michael Hodgson (202) 693-2486 

• Independently sort through and organize 200 plus cases and records on occupational exposures to 

isocyanates – a leading cause of work-induced asthma. 

• Compile exposure data from isocyanate cases into one central data sheet using two of the databases 

employed by OSHA. 

• Analyze exposure and inspection data to develop inspection and enforcement strategy for OSHA and 

prevention strategies for employers and present findings to agency. 

• Assist fellow resident interns on their projects including the development of a technical document 

on work-place asthma and a proposal for an occupational surveillance system for salmonella and 

campylobacter outbreaks in animal-processing workers. 
 

Graduate Research Assistant                                                                             January 2014 to May 2015  

University of Maryland School of Public Health                         College Park, MD  

PI: Amy Sapkota (301) 405-1772  

• Perform DNA extractions and PCRs on over 100 samples per week for two different studies, one 

focusing on the microbiome of tobacco products and the other focusing on the microbiome of 

wastewater. 

• Assist in the development of lab protocols and SOPs for a study focusing on the microbiome of 

wastewater. 

• Responsible for trouble-shooting and fixing faulty equipment as well as installing new instruments. 

• Mentor and teach undergraduates working in the lab to give them an enjoyable and rewarding public 

health lab experience.  
 

SAT Preparatory Instructor                            August 2012 to May 2014 

Kaplan Test Prep                                                            Washington, DC and Montgomery Co, MD 

Supervisor: Jason Robbins (410) 779-3083 

• Guide students through a rigorous program to achieve competitive SAT scores both in a classroom 

setting and through an online portal. 

• Employ various classroom management strategies to allow students to realize their potential as 

intelligent young adults. 

• Motivate high school students to succeed beyond the SAT and college. 

• Advise parents and students on the best study package that will help an individual student.  

• Participate in numerous marketing events to promote the company.  
 

Technical Writer                             May 2013 to August 2013 

American Type Culture Collection (ATCC)                  Manassas, VA 

Supervisor: Emily Jackson-Machelski (703) 365-2752 

• Write and produce documents such as quality control data, work instructions, protocols, forms, 

Product Information Sheets, Certificates of Analysis and other documents to support manufacturing 

efforts using SharePoint and Qualtrax software and Microsoft Office.  

• Responsible for developing and reviewing content for ATCC website, which requires extensive 

knowledge of Sitecore software and HTML coding.  

• Assist senior writers on their various projects.  
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Lab Assistant                                       March 2006 to August 2012 

NORAC Laboratory                                             Johnstown, PA   

Director: Ronald Babik (814) 536-8506 

• Independently collected and analyzed public drinking water samples using membrane filtration, 

heterotrophic plate count, and positive-absence methods.  

• Trained in lead-based paint testing and abatement standards used by HUD to rehabilitate 

impoverished housing as well as mold remediation standards established by the Pennsylvania 

Department of Environmental Protection (PA DEP).  

• Produced written analysis reports for various clients. 

• Reported public drinking water sample results to the PA DEP through their electronic lab reporting 

system (DWELR). 

• Assisted in the writing of laboratory SOPs with Microsoft Office software.  

• Counseled clients on the various testing services offered and recommended which to use based on 

the client’s situation. 
 

Teaching Assistant Experience BSPH                         ___________________________________________                                                                                                                                                           

Methods in Quantitative Risk Assessment   

3 credit graduate course, ***online due to COVID-19***                                                            3 rd Term 

AY 20-21 
 

Seafood and Public Health: Global Trade, Nutrition, and the Environment 

3 credit graduate course, ***online due to COVID-19***                                                            3 rd Term 

AY 20-21 
 

Risk Policy, Management, and Communication                                                                         4th Term 

AY 20-21                     

3 credit graduate course, ***online due to COVID-19***                                                            2nd Term 

AY 20-21  

AY 19-20                                                                                                                                              4th Term  
 

Topics in Risk Assessment                                                                                                            4th Term 

AY 19-20 

2 credit graduate seminar course, ***online due to COVID-19***                                               2nd Term 

AY 20-21 

 

Exposure Assessment Techniques for Health Risk Management                                             3rd Term 

AY 19-20 

3 credit graduate course, in-person and online 
 

Environmental Hazards and Health Risks                                                                     Fall Semester 2019 

3 credit undergraduate course, in-person 
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Service                                                                                                                                                                         .  

BSPH Virtual Teaching and Education Committee (VTEC) Member              May 2020 to May 2021 

• In response to COVID-19 and all academic activities moving to a virtual platform, this group of 

faculty, students, staff, and administrators, led by Dean Ellen MacKenzie, formed to maintain a high-

quality teaching and learning experience that optimizes student engagement for all students regardless 

of where they are located. As the Student Assembly representative, my role was to provide the group 

with perspectives on student needs, problems, concerns, issues, and general input on future plans in 

our virtual learning community. 
 

BSPH Student Assembly                                                                                           May 2019 to May 2021 

• Student Assembly represents, preserves, and promotes the interests of all students at the Bloomberg 

School of Public Health.  
 

Vice President                         May 2020 to May 2021  

• As Vice President, I serve as the main support to the SA President and primary 

coordinator/manager of the various SA committees and their respective vice presidents.  My 

duties in this role involve:  

1. Presiding over SA meetings in the absence of the President;  

2. Serve as an ex -officio member of standing committees and ad-hoc committees of the 

SA;  

3. Serve as the SA office manager;  

4. Assume the duties of other SA Executive Officers when there are vacancies in those 

officer  positions; 

5. Serve as the SA rep of various school- and university-wide committees as needed. 
 

Member at Large                                                                                                   May 2019 to May 2020 

• As a Member at Large, I act as a liaison between various student groups and Bloomberg 

School administration.  

• Served as the Environmental Health and Engineering Department Representative to the board 

(2019-2020 academic year) to ensure EHE students’ ideas, concerns, and interests were 

represented.  
 

BSPH Student Section AIHA                                                                               August 2018 to May 2021 

• Increase knowledge of industrial hygiene and occupational health and safety within the JHU 

Bloomberg community  

• Promote the profession and cooperate with local AIHA sections to advance student growth and 

connections 
 

President                                  August 2018 to May 2021 

• As President, my duties in this role involve:  

1. Representing or delegating representation of the Student AIHA to the EHE 

Department, School, University, local, state, national, and international agencies and 

organizations; 

2. Presiding over meetings;  

3. Providing connections between the Student Section and Local AIHA Sections and 

AIHA National.  
 

Environmental Health and Engineering Student Organization Member       August 2018 to May 2021  

• EHESO serves to facilitate social, intellectual, and service-oriented interaction between students, 

staff, and faculty of the Department of Environmental Health and Engineering.  
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• Served as the EHESO Representative to the EHE Department Educational Programs Committee 

(AY 2020-2021) to ensure EHE students’ ideas, concerns, and interests were represented.  

• Served as the EHESO Representative to the Student Assembly (AY 2019-2020) to ensure EHE 

students’ ideas, concerns, and interests were represented.  
 

Silver Spring Library Advisory Committee Member                             October 2017 to August 2018  

• Advise the Montgomery County Library Board and the Library Manager on issues of local interest 

and concern for the benefit of the community and Montgomery County Public Libraries 

 

United Therapeutics First Responder Team Member                                       March 2017 to July 2018 

• Provide support, including first aid and CPR, during emergencies to those affected by the incidents. 
 

AIHA Potomac Section                                          March 2017 to present 

• Protect the health and safety of workers and the community 

• Increase knowledge of industrial hygiene and occupational health and safety in a specific region 

• Promote the profession and cooperate with government, industrial, educational, and other 

professional bodies 
 

Board Member – Member at Large                                                              June 2018 to June 2020  

• As a Member at Large, I act as a liaison between various working groups within the Potomac 

Section and the local and national AIHA chapters.   

• Support the needs of the Potomac Section Board regarding meeting and event organization. 
 

School of Public Health Student Advisory Committee Member           September 2014 to May 2015 

• Provide the Dean with student perspectives on school-wide needs, problems, concerns, issues, and 

general input on future plans. 
 

Epsilon Sigma Alpha, Psi Mu Chapter, University of Pittsburgh                  January 2011 – April 2012 

• Member of the inaugural chapter at the University of Pittsburgh, which now has over 90 student 

members. 

• Co-ed service fraternity serving the local Pittsburgh and University communities with the purpose of 

“inspiring leadership and service by bringing good people together to pursue programs and projects 

that make a positive difference locally, nationally, and internationally.” 

• The main philanthropic recipient is St. Jude’s Children’s Hospital. 
 

Awards and Honors                                                                                                                                                   . 
    

AIHA Exposure Assessment Strategies Committee Best Poster Award for Using variations of the well-

mixed room model to assess chemical exposures. AIHce, May 2020. 
 

Kazuyoshi Kawata Fund in Sanitary Engineering and Science Fund provides support for students with 

a focus in sanitary engineering and science in the Department of Environmental Health Sciences. Dr. 

Kawata served on the faculty at the Johns Hopkins Bloomberg School of Public Health from 1966-1989. 

He is regarded as an international expert, professional engineer, educator and consultant in environmental 

engineering and environmental health. Academic Year 2019. 
 

The Dr. C. W. Kruse Memorial Fund is in honor of Dr. Krusé, who served as chair of the Departments 

of Sanitary Engineering (1962-1963) and Environmental Health Sciences (1966-1976). This award, 

established by his colleagues, friends, and former students, recognizes academic achievement. Academic 

Year 2019. 
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The David Leslie Swift Fund in Environmental Health Engineering Fund was established in 1998 by 

Suzanne Swift in honor of her late husband David Leslie Swift, PhD. Dr. Swift was a faculty member at 

the School from 1966 to 1997. His research career was distinguished and diverse, and his work on the health 

effects of particulate matter and air pollutants made him a pioneer in his field. This fund supports 

exceptional masters, doctoral, or postdoctoral students in the Division of Environmental Health Engineering 

of the Department of Environmental Health Sciences. Academic Year 2019. 
 

United Therapeutics Women in Manufacturing program aimed at supporting, promoting, and inspiring 

women at UT who work in manufacturing. This group encourages female UT manufacturing employees to 

share perspectives, develop information channels, and improve leadership and communication skills. 

January 2018.  
 

Federal Service Excellence Award for outstanding performance in the scientific, medical, or engineering 

project team category. This award recognizes the exceptional efforts and professional demeanor which not 

only reflects a sincere interest in duties and responsibilities but also clearly demonstrates the desire to assist 

in improving the Federal Government and citizens it serves. April 2017.  
 

NIOSH Rising Star program for NIOSH employees who have demonstrated commitment to self-

improvement and advancement of their knowledge and skills in the field of occupational safety and health 

research. October 2016 through February 2017. 
 

University of Maryland School of Public Health Dean’s Graduate Scholar Award for excelling 

academically, demonstrating curiosity, maturity, creativity, motivation and intellect while contributing to 

the SPH community and greater surrounding community as a whole. May 2015. 
 
 

Publications                                                                                                                                                                 .   

Fox M, Babik K, et al. (2019). Review of First Responder Health and Worker's Compensation Claim 

Requirements. Tech rp. part of the VA Joint Legislative Audit and Review Commission’s of Review of 

Virginia’s workers’ compensation system and use of disease presumptions. (JLARC Report No. 530-1). 

http://jlarc.virginia.gov/landing-2019-workers-compensation.asp 

 

Smyth EM, Chattopadhyay S, Babik KR, et al. (2019). The Bacterial Communities of Little Cigars and 

Cigarillos Are Dynamic Over Time and Varying Storage Conditions. Front. Microbiol. 10:2371. 

doi: 10.3389/fmicb.2019.02371. 

Chattopadhyay S, Smyth EM, Kulkarni P, Babik KR, et al. (2019). Little cigars and cigarillos harbor 

diverse bacterial communities that differ between the tobacco and the wrapper. PLoS One 14(2): e0211705. 

doi: 10.1371/journal.pone.0211705. 

 

Brame J, Alberts Erik, Schubauer-Berigan M, Dunn K, Babik K, et al. (2018). Using Life Cycle 

Assessment to Guide Nanomaterial Release & Exposure Potential from a Carbon Nanotube-enabled Anti-

corrosive Coating. NanoImpact 12(58-68). doi: 10.1016/j.impact.2018.10.002.  

 

Babik KR, Shockey T, Moore L, Wurzelbacher SJ (2018). Standardizing industrial hygiene data collection 

forms used by workers’ compensation insurers. JOEH 15(6). doi: 10.1080/15459624.2018.1490022 

 

Shockey T, Babik KR, Moore L, Wurzelbacher SJ (2018). Determining Industrial Hygiene Data 

Collection, Storage, and Usage Among State-Based and Private Workers’ Compensation Insurers. JOEH 

15(6). doi: 10.1080/15459624.2018.1453140. 

 

http://jlarc.virginia.gov/landing-2019-workers-compensation.asp
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Fent KW, Evans DE, Babik KR, etal. (2018). Air Concentrations of Contaminants During Controlled 

Residential Fires. JOEH 15(3). doi: 10.1080/15459624.2018.1445260. 

 

Babik KR, Dahm MM, Dunn, KH, Dunn KL, Schubauer-Berigan MK (2018). Characterizing workforces 

exposed to current and emerging non-carbonaceous nanomaterials in the U.S. JOEH 15(1). 

doi:10.1080/15459624.2017.1376252. 

 

Chopyk J, Chattopadhyay S, Kulkarni P, Claye E, Babik KR, et.al. (2017). Mentholation affects the 

cigarette microbiota by selecting for bacteria resistant to harsh environmental conditions and selecting 

against potential bacterial pathogens. Microbiome 5(22). doi: 10.1186/s40168-017-0235-0  

 

Boyle MD, Payne-Sturges DC, Sangaramoorthy T, Wilson S, Nachman KE, Babik K, et al. (2016). Hazard 

Ranking Methodology for Assessing Health Impacts of Unconventional Natural Gas Development and 

Production: The Maryland Case Study. PLoS ONE 11(1): e0145368. doi:10.1371/journal.pone.0145368 

 

Milton DK, Wilson S, Jiang C, Dalemarre L, Sapkota A, Sangaramoorthy T, Boyle MD, Nachman KE, 

Babik K, et al. (2014). Potential Public Health Impacts of Natural Gas Development and Production in the 

Marcellus Shale in Western Maryland. University of Maryland School of Public Health: Prepared for the 

Maryland Department of the Environment and the Maryland Department of Health and Mental Hygiene. 

http://www.marcellushealth.org/final-report.html.  
 

Posters and Presentations_______________________________________________________________           

_                                                                                                                                                 

Babik KR, Edmondson M. Mathematical Modeling Approaches to Managing Workplace Health and 

Safety. Technical Presentation: AIHce. Dallas, TX. May 2021. ***Online due to COVID-19*** 
 

Babik KR, Das D, Ramachandran G. Assessment of Aerosol Transport and Ventilation Systems in Public 

Transit Rail Cars Under Static and Dynamic Conditions. Poster Session: AIHce. Dallas, TX. May 2021. 

***Online due to COVID-19*** 
 

Babik KR, Das D, Shao Y, Ramachandran G. Using variations of the well-mixed room model to assess 

chemical exposures. Poster Session: AIHce. Atlanta, GA. May 2020. ***Online due to COVID-19***  

 Received Exposure Assessment Strategies Committee Best Poster Award 
 

Babik KR, Shockey T, Moore L, Wurzelbacher SJ. Standardizing industrial hygiene data collection forms 

used by workers’ compensation insurers. Poster Session: AIHce. Minneapolis, MN. May 2019.  
 

Babik KR, Dahm MM, Dunn, KH, Dunn KL, Schubauer-Berigan MK. Characterizing workforces exposed 

to current and emerging non-carbonaceous nanomaterials in the U.S. Lecture: Potomac Section of AIHA 

Professional Development Seminar. Rockville, MD. February 2018. 
 

Babik KR, Dahm MM, Dunn, KH, Dunn KL, Schubauer-Berigan MK. Characterizing workforces exposed 

to current and emerging non-carbonaceous nanomaterials in the U.S. Poster Session: AIHce. Seattle, WA. 

June 2017. 
 

Babik KR, Dahm, MM, Dunn KL, Schubauer-Berigan MK. Methods for Gathering Information on 

Nanomaterial Companies in Two Studies. Poster Session: NTRC 2016 Science Meeting. Morgantown, WV. 

April 2016. 
 

http://www.marcellushealth.org/final-report.html
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Babik KR, Fagan K, Hodgson M. Using OSHA Information System to Evaluate Data Collected During 

the Isocyanate National Emphasis Program. Poster Session: Public Health Research @ Maryland. College 

Park, MD. April 2014. 
 

 

 

 

Skills                                                                                                                                                                            .   

• Certified industrial wastewater operator-in-training 

• Various vendor-specific software related to industrial hygiene monitoring equipment including 

direct-reading instruments 

• Questionnaire and survey development  

• STATA Statistical Software  

• R Statistical Software  

 


