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1 Introduction  
Retail stores are understudied given the energy, 
occupant health, and potential sales impacts 
associated with poor indoor air quality. In the 
U.S. alone, approximately 15 million people 
work in the retail sector and 45% of retail 
buildings energy consumption is used for indoor 
environmental conditioning (ESource, 2006). 
The purpose of this extended abstract is to 
summarize the literature on indoor air quality in 
retail environments.  
 
2 Methods 
The peer-reviewed literature was searched using 
ISI Web of Science and Google Scholar. A total 
of only 14 papers were found to match our 
criterion of measured contaminant 
concentrations in any type(s) of retail store. 
Some papers included more than just retail 
environments, but only the retail data were used. 
Papers are categorized and summarized in Table 
1. 
 
Table 1. Summary of Literature Reviewed 

Author Year Types1 Pollutants2 N3 
Bruno et al 2008 PH,CS,GR, 

CC,HD 
VOC 11 

Caselli et al 2009 NS VOC 16 
Chao & Chan 2001 MA VOC 2 
Eklund et al 2008 MA VOC 1 
Geiss et al 2010 CD VOC 4 
Hartman et al 2004 FN, ES SVOC 5 
Hotchi et al 2006 BB VOC, 

SVOC 
1 

Kim et al 2001 DS PF VOC 5 
Lee et al 2002 MA VOC, Bio, 

PM 
9 

Loh et al 2006 HW,MP,GR, 
PH,SG,FN, 
HO,DS,ES 

VOC 113* 

Maskey et al 2010 UM PM 1 
Tang et al 2005 MA VOC 1 
Tringe et al 2008 MA Bio 2 
Yu et al. 1997 UM Radon 10 

1Pharmacy (PH), Mall (MA), Big Box (BB), Hardware (HW), Multipurpose (MP), 
Grocery (GR), Sporting (SG), Furniture (FN), House wares (HO), Department (DS), 
Newspaper stands (NS), Electronics (ES), Copy center (CC), Hairdresser (HD), Car 
dealership (CD), Underground malls (UM) 2 Volatile organic compounds and aldehydes 
(VOC), Semi-volatile organic compounds (SVOC), Biological pollutants (Bio), 
Particulate matter (PM) 3Number of buildings, * = composite sample 
  

 
3 Results 
By far VOCs and aldehydes were the most 
common pollutant groups studied with 
measurements in ten of the 14 papers. Figure 1 
summarizes a select group of studied VOCs. 
Benzene, toluene, ethyl-benzene, and xylenes, 
known as the group BETX were represented 
heavily in the results summary. Most BETX 
compounds have both indoor and outdoor 
sources with the exception of ethyl-benzene, 
which is mainly a fuel additive. Toluene always 
had an indoor/outdoor ratio (I/O) above unity, 
indicating strong indoor sources, possibly such 
as printed material and wall coatings (Bruno et 
al. 2008). Formaldehyde was observed to be the 
highest in stores selling home wares and 
furniture (Loh et al. 2006). Dichlorobenzene 
also had a very high I/O ratio in malls (Tang et 
al. 2005), suggesting strong indoor sources, 
including disinfectants and deodorizers.  
 
Figure 1. Summary of VOC concentrations 

1Toluene (TOL), Ethyl Benzene (EBZ), O-Xylene (OXY), 1,2,4-Trimethylbenzene 
(TM1), 1,4 Dichlorobenzene (DCB), Formaldehyde (HCO), Acetaldehyde (ACE) 

 
There are limited investigations of other 
pollutants.  Yu et al. (1997) is the only study 
known to have investigated radon, and found 



that exposure was not elevated in the retail 
environments they investigated. Lee et al. 
(2002) reported PM10 concentrations were 
highest in those retail environments that were in 
the closest vicinity to smokers and gas stoves, 
namely malls and the restaurants therein.  
Maskey et al. (2010) reviewed the chemical 
make-up of particles in an underground mall, 
and found strong seasonal variation in the 
chemical composition, reflecting higher air 
exchange rates in the spring and a significant 
baseline concentration of textile particles. 
Hartmann et al. (2004) found acceptable SVOC 
inhalation exposure levels in electronics and 
furniture stores, but noted that even with vastly 
reduced usage, TCEP (tris(2-chloroethyl) 
phosphate was still the second most abundant 
measured compound indicating significant 
TCEP reservoirs. Lee et al. (2002) quantified 
total bacterial counts and found higher levels in 
air-conditioned malls. Tringe et al. (2008) also 
studied two malls and found that the indoor 
microbial community is different from the 
ambient community. 
 
4 Conclusions 
We reviewed 14 papers on indoor air quality in 
retail environments. There is evidence of 
increased concentrations of several types of 
pollutants in some retail environments, but there 
is insufficient data to make firm conclusions 
about the health risks or even comparisons to 
non-retail environments. There is a clear need 
for additional research on this topic and 
particularly the connection between indoor air 
quality and ventilation in retail stores. 
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