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Topic A3: Indoor air microbiology 
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INTRODUCTION 
 
As a broad generalization, strong data are emerging that characterize the integrated 
microbiological composition of indoor environments, including in non-water damaged 
buildings without reported problems (e.g. Pitkaranta et al. 2008, Adams et al. 2013, Dunn et 
al. 2013). On a fine time scale, however, many questions remain about the processes that 
determine the microbial composition indoors, and particularly the relative importance of 
different processes. To further characterize the microbiome of the built environment, we 
aimed to elucidate the relative roles of resuspension and direct shedding in contributing to 
airborne microbial composition in occupied spaces. We utilized a Controlled Environment 
Chamber, which, by design, controls temperature, relative humidity, and ventilation 
parameters.  
 
Previous work has shown that factors such as occupancy, occupant behavior, and floor type 
can have a marked affect on particle and bioaerosol concentrations (Ferro et al. 2004a, b, You 
et al. 2013) (Hospodsky et al. 2012, Qian et al. 2012) and bioaerosol composition (Meadow et 
al. 2013). For instance, total airborne particles were higher when one person walked on a 
carpeted classroom than when 30 people sat in the same space with the floor covered by 
sheeting (Hospodsky et al. 2012). Using a similar occupied and unoccupied carpeted 
classroom space, Qian et al. (2012) estimated the per person-hour emission rate based on 
presence was 31 mg of total particle mass, 37x106 bacterial genome copies, and 7.3 x 106 
fungal genome copies, and analysis of bacterial composition show many taxa in occupied 
classrooms are associated with humans (Hospodsky et al. 2012, Qian et al. 2012, Meadow et 
al. 2013).  
 
In the existing studies, bioaerosol emission rates are an aggregate of resuspension from 
internal surfaces as well as those particles directly shed from the occupants. We disentangled 
these processes by undertaking an experimental series of occupancy and activity levels with 
the carpet exposed and again with the floor covered in a plastic sheeting in order to suppress 
resuspension. To this end, we 1) describe biological particles loads under varied experimental 



conditions; and 2) describe the community composition of indoor bioaerosols under varied 
experimental conditions 
 
METHODOLOGIES  
 
The Controlled Environment Chamber is a research facility developed by the Center for the 
Built Environment with the Department of Architecture at UC Berkeley. Typically used as a 
space to study thermal comfort in human subjects, the Chamber provided a simulated office 
space environment with fine microclimate control. The chamber itself is an 18’ x 18’ x 
8’4”corner room with carpeted floor, ventilation via underfloor or ceiling diffusers, and 
inoperable windows on two sides. The chamber mechanical ventilation system is configured 
to provide conditioned, filtered (MERV 7) outdoor air with no recirculation.  
 
We tested several experimental parameters related to human occupancy and activity for a 2 
hour sampling periods (Table 1). We monitored effects of these variables on bioaerosols at a 
ventilation profile that is typical of commercial building: an air exchange rate of 3 per hour, 
temperature of 22°C, and no humidification. Under each experimental condition in the 
chamber, we will have paired, simultaneous outdoor monitoring. 
 
Table 1. Experimental conditions in the Controlled Environment Chamber that alters 
occupancy, activity, and floor type.  
 

Treatment Flooring Replicates 

0 Carpet 3 
1 sitting Carpet 3 
2 sitting Carpet 3 
8 sitting Carpet 3 

2 walking Carpet 3 
0 Sheeting 3 

1 sitting Sheeting 3 
2 sitting Sheeting 3 
8 sitting Sheeting 3 

2 walking Sheeting 3 
 Total 30 

 
 
Table 2. Response variables, their location, and the device used to collect those variables.  
 

Response variable Location Device 
Bioaerosols Indoor, Outdoor Filter Cup, vacuum 

pump rate at 25 L/min 
Bioaerosols Indoor, Outdoor NIOSH BC 251 
Temperature, 
relative humidity 

Indoor, Ventilation, Outdoor HOBO 

CO2 Indoor, Outdoor LICOR  
Fluorescent particles  Indoor UV-APS 
Particles Indoor, Ventilation, Outdoor OPCs 

 



We measured several biological- and particle-based response variables (Table 2). In 
additional to two different collection strategies for biological particles, we have also utilized 
the ultraviolet aerodynamic particle sizer (UV-APS; model 3314, TSI, Inc.). This device 
detects fluorescence at wavelengths that are expected to be related to metabolic status in 
microbes (Eng et al. 1989, Li et al. 1991), and here we use the device to monitor biologically 
derived particles.   
 
Microbial assemblages were analyzed for both composition and quantity. Composition relied 
on the standard technique of using a “barcode” region of ribosomal DNA, the 16S for bacteria 
and the ITS for fungi, sequenced using the Illumina MiSeq technology. Quantification relied 
on using real-time thermocyclers for quantitative PCR.  
 
RESULTS AND DISCUSSION 
 
Preliminary analysis corroborates that occupancy had a marked effect on indoor particles, 
both total particles and those of a biological origin (as approximated with the UV-APS – 
Figure 1). At low occupancy (0 or 1 person), fluorescent particles were minimal. Two people 
generated fluorescent particles when the flooring was carpeted but not covered in sheeting. 
Under covered floor scenarios, the number of fluorescent particles with 8 people sitting was 
equivalent to 2 people walking. On carpeted flooring, 2 people walking generated a higher 
number of fluorescent particles than 8 people sitting. Altogether, these data suggest that 
resuspension from flooring was a larger contributor of fluorescent particles than direct 
shedding, with direct shedding still sourcing a measurable amount of fluorescent particles.  
 

 
Figure 1. Fluorescent particle number per volume of air across experimental treatments, 
where 0, 1, 2, 8 represents the number of seated occupants, and 2w indicates two occupants 
walking. Hashed bars are represent treatment with an exposed, carpeted floor and solid gray 
bars treatments with the floor covered in plastic sheeting.  
 
Determination of taxonomic composition across the different experimental treatments is 
ongoing.  
 
CONCLUSIONS 
 



Combining biological and physical markers of microbes in the indoor environments offer a 
fruitful approach to characterizing bioaerosols indoors. Human occupancy and activity level 
have predictable and quantifiable effects on the indoor microbiome.  
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