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Introduction  
Ambient fine particulate matter (PM2.5) in the air has been shown to cause adverse 
health effects. Reactive oxygen species (ROS) found in PM2.5 are suspected to 
contribute significantly to these health effects1, but lack of data and modeling 
capability of these species have prevented researchers from definitively showing a 
link between ROS and human health. 

Objectives 
• Create model for ROS in the atmosphere using one year of field observations  
• Use model to simulate daily ambient ROS concentrations over a 12-year period 
• Investigate link between ROS and health effects using the 12-year time series 
• Identify sources of ROS for policy initiatives Process: 

1. Combine PM2.5 sample with 100 µM of DTT 
2. Measure amount of DTT consumed at several time steps 
3. Create linear regression slope to calculate rate of DTT consumption, or DTT-activity, in 
nmol min-1 m-3. This rate is proportional to the rate of generation of ROS in the body. 

TABLE 1: Average contribution of each source to DTT-activity over the whole time period. 

Conclusion 
This research provides the strongest empirical evidence to demonstrating a 
significant linkage between ROS and adverse health effects and also provides 
knowledge on sources of ROS for future policy initiatives.  

1)  ROS significantly increases the risk of asthma/wheezing attacks 
2)  Source contributions to DTT-activity exhibit a strong seasonal trend 
3)  Gas vehicles and biomass burning contribute the most to DTT-activity 

Prescribed burns are the largest source of biomass burning in Atlanta. Forecasting 
of wind directions can inform regulators about when it will be safe to burn. Reducing 
smoldering and fire-return intervals can also help reduce short-term emissions and 
acute health effects. 
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FIGURE 3: Automated system for measuring DTT 

 A diothiothreitol (DTT) assay2 
was used to measure ROS 
generation in vivo. This assay 
simulates the transfer of 
electrons from O2 to O2 – (a type 
of ROS) by biological reducing 
agents like NADH. 

Field Study 

FIGURE 3: lorpero cor seqat praesse uisi.  

FIGURE 2: Measurement site at Jefferson 
Street, Atlanta, GA.   

This aspect of the study focuses on Jefferson Street 
because this site has the most extensive data 
currently available. Future studies will be done on 
the other sites.  

Measurements of water-soluble 
PM2.5 were taken from June 2012 – 
July 2013.  

Urban sites: Jefferson Street in 
Atlanta, Georgia Tech, roadside site 
near the Downtown Connector, 
Birmingham 

Rural sites: Yorkville, Centerville  

FIGURE 1: Map of measurement locations 

Health Impact Modeling and Implications 

•  The health impact assessment part of this study investigates the effects of 24hr PM2.5 and 
DTT-activity on human health by exploring the link between concentrations of these 
species and number of emergency department visits in the Atlanta area for asthma or 
wheezing."

•  Covariates controlled for in this model include: season, day of week, holidays, temperature, 
dew point"References: 

1. Delfino, R.J., et al.,  Airway inflammation and oxidative potential of air pollutant particles in a pediatric asthma panel. Journal of 
Exposure Science and Environmental Epidemiology, 2013. 23: p. 466-473. 
2. Verma, V. et al., Reactive oxygen species associated with water-soluble PM2.5 in the southeaster United States: spatiotemporal 
trends and source apportionment, Atmospheric Chemistry and Physics, 2014. 14: p. 19625-19672 

FIGURE 4: Simulated source contributions to DTT-activity from 08/1998-12/2010. This time series was developed 
using the linear regression model and was used in the health study 

Source GV BURN CFPP AMSULF AMNITR PMother 
DTT 0.10 0.13 0.019 0.073 0.060 0.075 
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FIGURE 6: Relative risk ratios for PM2.5 and DTT with a 2-day and 
7-day lag. 

Source Impact and ROS Models 

I.  Source Apportionment using Chemical Mass Balance (CMB) 
Goal: Determine source, Sj, of chemical species 
Ci, using ensemble-based source profiles, fij, by 
minimizing error, ei. Each sources is summed 
over the species to attain its total contribution to 
PM2.5 on that day. 

Species used: Elemental carbon, organic carbon, sulfate, ammonia, nitrate, metals 

FIGURE 4. Model comparison to observed results 

II.  Stepwise Linear Regression 

y = 0.48x + 0.17 
R² = 0.45 
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• Stepwise regression was performed on the 
sources identified  from CMB with  DTT-activity as 
the dependent variable. The Aikaike Information 
Criterion was used to eliminate sources that do not 
significantly contribute to DTT-activity.  

• Sources: gas vehicles (GV), biomass burning 
(BURN), coal-fired emissions (CFPP), ammonium 
sulfate (AMSULF), ammonium nitrate (AMNITR), all 
remaining PM (PMother)  

• This model was applied to sources from 
08/1998-12/2010 to generate a long-term time-
series of daily ambient DTT-activity that was used 
in the health study. 

DTT = 0.1 GV + 0.04 BURN + 0.1 CFPP + 0.02 AMSULF + 0.05 AMNITR + 0.01 PMother 
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A two-pollutant model was run for 
PM2.5 and DTT. The results  
do not show a significant link 
between PM2.5  and asthma/
wheezing attacks but do exhibit a 
significant link between ROS in 
PM2.5 and attacks. Therefore,  this 
study provides evidence that the 
ROS component in PM2.5  
contributes to respiratory health 
effects (e.g. asthma and 
wheezing). 


