
Introduction

According to the World Health Organization, more than 90% of the world’s children breathe toxic air 
daily and one in every 10 deaths under the age of five are related to air pollution. Scientific studies have 
observed clear links between the amount of air pollution where a child resides and symptomatic or 
clinically relevant health outcomes.

These include reduced lung function, the onset of asthma 
and its severity, respiratory infections, cognitive impairment, 
reproductive development, and other morbidities.1-8 
Since children have higher breathing rates per body 
mass than adults, they absorb more pollutants and are 
more vulnerable to the negative effects of air pollution. In 
addition, children’s immune systems are immature, and 
their brains and organ structures are still developing and 
contribute to their susceptibility. 

Children are also closer to the 
ground where some pollutants 
may have peak levels. 

Also, some social determinants such as residential 
or daycare proximity to pollutant sources may 
disproportionately affect disadvantaged populations. 
Studies indicate that if these environmental exposures  
are not addressed early in life, they can lead to reduced 
lung function and increased risk of respiratory disease  
later in life.9

Children’s increased sensitivity to air pollution makes 
understanding their exposure during daily activities 
critical for protecting their health. However, daily 
personal air pollution exposure and early development 
of health impacts for children under the age of five 
have been difficult to assess for many reasons. Most 
currently available data on pollution exposure relies on 

secondary sources. Other health impact data has been 
obtained using invasive test methods that are difficult to 
conduct with young children, so it is limited primarily to 
symptomatic children.

Chemical Insights Research Institute's research initiative 
working with Georgia State University’s School of 
Public Health will address these research gaps using 
an integrated pollution exposure and health response 
sampling strategy. Since many children under the age  
of five spend a considerable amount of time in childcare 
centers outside of their home, this study will monitor 
air pollution in a variety of childcare settings while also 
collecting and analyzing easy to obtain biological samples 
that can be used to assess the early development of 
adverse health impacts from this exposure.
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Childcare can be a significant contributor to daily air pollution exposure since 
the amount of time spent in the setting is considerable. In addition, childcare 
centers are typically geographically well-distributed in residential and 
commercial locations so a variety of settings representing different potential 
exposure levels can be studied.

Our research will use microsensors to collect air quality data that are 
as close to personal exposure levels as possible in young children. High 
resolution metabolomics will be used to evaluate saliva samples to assess 
changes in metabolic pathways that can indicate developing health impacts. 
Chemical characterization and toxicological assessment will also be done on 
representative pollutants. This integrated approach will provide beneficial 
insights into the relationship between air pollution exposure and disease 
etiology in young children. Furthermore, these results will inform mitigation 
strategies and the development of educational resources for minimizing 
adverse pollution exposures.

Study Objectives

• Quantify representative indoor and outdoor air pollution exposure in
childcare centers that are site and season specific at defined locations
and develop personal exposure metrics.

• Assess the chemical composition and toxicological impacts of
the particulate matter pollutants children are exposed to in the
representative childcare settings.

• Evaluate the mechanistic response to measured air pollution exposure
by examining changes in the metabolomic profile of saliva samples.

Study Plan Overview

The study objectives will be achieved using the following sampling 
and assessment plan. 

1. Childcare centers will serve as sampling sites. These sites will be selected
to represent both near-road locations and far-from-road locations in a
city with moderately high levels of background pollution.

2. Children ages three-four years who attend one of the childcare centers
chosen as a study site will be selected as participants. To reduce selection 
bias, recruitment targets that represent the local area population in 
terms of sex, race, socioeconomic status, and baseline health status will
be established. 

3. At each childcare center, seasonal air sampling campaigns will be
conducted for two years. One sampling campaign will occur during
summer months (June–August) each year and the other during winter
months (December–February).

4. Continuous indoor and outdoor air quality monitoring will occur during
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Scientific Outcomes

Quantification of representative 
daily indoor and outdoor personal 
air pollution exposure for young 
children in childcare settings.

Chemical characterization of 
particulate matter air pollution 
present in childcare settings. 

Toxicological assessment of 
particulate matter air pollution 
present in childcare settings.

Evaluation of metabolomic 
profiling of young children using 
saliva and its applicability to air 
pollution exposure. 

Evaluation of the relationship 
between air pollution exposure 
and related disease etiology in 
young children.

04

05

© 2022 Underwriters Laboratories Inc. TB 460  | PAGE  02



1. Zora, J. E.; Sarnat, S. E.; Raysoni, A. U.; Johnson, B. A.; Li, W.-W.; Greenwald, R.; Holguin, F.; Stock, T. H.; Sarnat, J. A. Associations between 
Urban Air Pollution and Pediatric Asthma Control in El Paso, Texas. Science of The Total Environment 2013, 448, 56–65. https://doi.
org/10.1016/j.scitotenv.2012.11.067.

2. Khreis, H.; Nieuwenhuijsen, M. Traffic-Related Air Pollution and Childhood Asthma: Recent Advances and Remaining Gaps in the Exposure 
Assessment Methods. IJERPH 2017, 14 (3), 312. https://doi.org/10.3390/ijerph14030312.

3. Bouazza, N.; Foissac, F.; Urien, S.; Guedj, R.; Carbajal, R.; Tréluyer, J.-M.; Chappuy, H. Fine Particulate Pollution and Asthma Exacerbations. 
Arch Dis Child 2018, 103 (9), 828–831. https://doi.org/10.1136/archdischild-2017-312826.

4. Brugha, R.; Grigg, J. Urban Air Pollution and Respiratory Infections. Paediatric Respiratory Reviews 2014, 15 (2), 194–199. https://doi.
org/10.1016/j.prrv.2014.03.001.

5. Sunyer, J.; Esnaola, M.; Alvarez-Pedrerol, M.; Forns, J.; Rivas, I.; López-Vicente, M.; Suades-González, E.; Foraster, M.; Garcia-Esteban, R.; 
Basagaña, X.; Viana, M.; Cirach, M.; Moreno, T.; Alastuey, A.; Sebastian-Galles, N.; Nieuwenhuijsen, M.; Querol, X. Association between Traffic-
Related Air Pollution in Schools and Cognitive Development in Primary School Children: A Prospective Cohort Study. PLoS Med 2015, 12 (3), 
e1001792. https://doi.org/10.1371/journal.pmed.1001792.

6. Freire, C.; Ramos, R.; Puertas, R.; Lopez-Espinosa, M.-J.; Julvez, J.; Aguilera, I.; Cruz, F.; Fernandez, M.-F.; Sunyer, J.; Olea, N. Association of 
Traffic-Related Air Pollution with Cognitive Development in Children. Journal of Epidemiology & Community Health 2010, 64 (3), 223–228. 
https://doi.org/10.1136/jech.2008.084574.

7. Suglia, S. F.; Gryparis, A.; Wright, R. O.; Schwartz, J.; Wright, R. J. Association of Black Carbon with Cognition among Children in a Prospective 
Birth Cohort Study. American Journal of Epidemiology 2007, 167 (3), 280–286. https://doi.org/10.1093/aje/kwm308.

8. Van Kempen, E.; Fischer, P.; Janssen, N.; Houthuijs, D.; van Kamp, I.; Stansfeld, S.; Cassee, F. Neurobehavioral Effects of Exposure to Traffic-
Related Air Pollution and Transportation Noise in Primary Schoolchildren. Environmental Research 2012, 115, 18–25. https://doi.org/10.1016/j.
envres.2012.03.002. 

9. Gauderman, W. J.; Avol, E.; Gilliland, F.; Vora, H.; Thomas, D.; Berhane, K.; McConnell, R.; Kuenzli, N.; Lurmann, F.; Rappaport, E.; Margolis, 
H.; Bates, D.; Peters, J. The Effect of Air Pollution on Lung Development from 10 to 18 Years of Age. N Engl J Med 2004, 351 (11), 1057–1067. 
https://doi.org/10.1056/NEJMoa040610.

2211 Newmarket Parkway,  Suite 106,  Marietta,  Georgia 30067   

Website:  chemical insights.org | E-mail:  chemical insights@ul.org TB 460  | PAGE  03

© 2022 Underwriters Laboratories Inc.

regular business hours at each childcare center. 
Measurements will include PM2.5 particulate black 
carbon, particle number concentration and size 
distribution, ozone, nitrogen oxides, temperature, and 
relative humidity. Outdoor stationary sampling at each 
location will measure ambient outdoor concentrations 
at each facility and reflect any between-location 
differences arising from proximity to pollution sources. 

5. Particulate samples will be used for chemical
characterization and toxicological analysis.

6. Select participants per week from each site will 

participate in 24-hour, personal exposure monitoring 
using easily portable microsensors. This will allow the 
representative samples from the childcare centers to be 
put into the context of participants’ everyday activities. 

7. Exposure and characterization data derived from air
quality monitoring will be analyzed and integrated
with the results of the metabolomic profiling of saliva 
samples to inform an understanding of the health 
impacts of air pollution on children. This will also be 
used to investigate links to variables such as age, sex,
race, and socioeconomic status via statistical analysis.
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