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The design and installation of the HVAC system for Harriet Tubman Middle School was developed out of 
concern for the health of students and staff.  Portland Public Schools recognized that the outdoor air at 
the school was impacted by traffic-related air pollution from I-5, and potentially by area industry.  
Preliminary air monitoring conducted in March and April of 2018 confirmed the need for an HVAC 
system with filtration for particles and gases to prevent sustained daily exposure.  Renovation of the 
school building and installation of the HVAC system was completed in August.  To evaluate the 
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Increasing public health attention to traffic-related air pollution (TRAP) compelled Portland Public 
Schools (PPS) to design and install a heating, ventilation, and air conditioning (HVAC ) system with 
filtration for particles and gases during the modernization of Harriet Tubman Middle School.  The 
predominant concern was the reduction of day-to-day exposures to TRAP that have been associated 
with reduced lung growth in children, and increased risk for the development (onset) of asthma and 
exacerbation (triggering) of asthma attacks.  The commitment to install the HVAC system by PPS also 
acknowledged emerging health research concerns for individual components of TRAP, specifically diesel 
particulate matter.  Extensive air monitoring studies were conducted by scientists from Portland State 
University to characterize the outdoor air quality and confirm the adequacy of the performance of the 
HVAC filtration system to provide clean air to classrooms and indoor spaces at the school.  Air quality 
measurements were first made in the April 2018, and were conducted again in the September and 
October following installation of the HVAC system and building occupancy.  Another cycle of 
measurements was made in April and May of 2019 to evaluate outdoor-indoor conditions after 7 
months of air handling system operation. 

The PSU team conducted a monitoring on a comprehensive set of individual pollutants that comprise 
TRAP.  The set of pollutants include the “criteria pollutants” carbon monoxide (CO), nitrogen dioxide 
(NO2), particulate matter (PM10 and PM2.5) whose health effects are widely recognized and for which 
federal regulatory standards exist (NAAQS Table).  Ultrafine particles UFP), black carbon (BC), and 
volatile organic compounds (VOCs) are constituents of diesel exhaust and these forms of PM were also 
monitored.  Specific air quality standards do not exist for these diesel pollutants, however, evidence 
from animal toxicology research and ongoing epidemiologic studies support concern for children as 
particularly susceptible to the adverse respiratory effects of long-term exposure to diesel particulate 
pollution (HEI 2010; HEI 2013; Guarnieri and Balmes 2014). 

This report provides an opinion on the health risks posed to students and staff at Harriet Tubman 
Middle School using the measured exposures in outdoor and indoor air.  This analysis follows a weight-
of-evidence approach that applies federal health-based standards when available, and applies 
information from published studies for pollutants which lack regulatory guidelines. 
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Carbon monoxide (CO) is a toxic asphyxiant gas that is hazardous because of its specific ability to bind to 
hemoglobin and to reduce the ability of the blood to deliver oxygen to tissues.  As a component of 
motor vehicle emissions, CO penetrates to indoor spaces with high efficiency because this gas has very 
low chemical reactivity.  These same physical and chemical properties limit engineering abilities to 
economically remove CO gas when present in the intake air of building ventilation systems.  To protect 



4 
 

for Oregon and Portland have steadily declined over the past 5 decades and currently the second 
highest 8-hour average occurring in a year is less than 2 ppm 
(https://www.oregon.gov/deq/FilterDocs/2017aqannualreport.pdf ).  Although CO from motor vehicle 
emissions disperses quickly under most conditions, poor traffic flow and congestion can lead to elevated 
exposures for motor vehicle occupants and persons in close proximity to highways.  CO concentrations 
measured at microscale sites have declined in the same proportions as concentrations recorded at 
monitors representing larger urban regions.  Ambient monitoring at near-road locations indicate that 
the federal standards are not exceeded, and this protection is attributed to greatly improved control of 
motor vehicle emissions (e.g., clean burning fuels, improved light-duty engine design, and catalytic 
convertors).   Measurements of ambient CO at the Oregon DEQ I-5 Tualatin near-roadway air monitoring 
station have not recorded exceedances of federal standards during 2015 to 2017 (maximum 8-hour 
averages = 1.4 ppm).    

The health risks of CO have been long recognized and CO is one of the original six “criteria” air pollutants 
defined in the Clean Air Act of 1970.  The current National Ambient Air Quality Standard (NAAQS) for 
carbon monoxide is 35 ppm over a 1-hour averaging time and 9 ppm over an 8-hour averaging time 
(https://www.epa.gov/criteria-air-pollutants/naaqs-table ).  These levels are based on an extensive 
evidence base from epidemiologic studies and controlled exposure studies on human subjects 
(https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=218686&CFID=78776911&CFTOKEN=81884369 
).  The two averaging times prevent blood carboxyhemoglobin levels from reaching 2%, the level at 
which chest pain (angina pectoris) is triggered in exercising adults with coronary artery disease, and to 
protect pregnant women and the developing fetus from hypoxic stress and low birth weight outcomes.  
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interior space of the school, these levels are below the NAAQS of 9 ppm averaged over 8 hours.  
Measurements of CO in the return air, representing the mixed air of the entire interior of the school, 
averaged 0.07 (73.9 ppb).  This small difference in the air concentration is not appreciable, and is 
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the federal standard of 100 ppb.  Similarly the annual NO2 average for the neighborhood and near-
roadway monitoring sites has consistently tracked near 10 ppb and 13 ppb, respectively; also well below 
the federal standard of 53 ppb. 
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The distribution of school-day average NO2 concentrations during the Fall and Spring monitoring periods 
is presented in Figure 2.  In the Fall, outdoor NO2 levels averaged 13.0 ppb over the 9 AM to 4 PM school 
day.  The highest school-day average was 67.6 ppb.  95 percent of the daily averages were below 30 
ppb, and 75 percent were below 20 ppb.  The mean supply air average was 0.89 ppb, indicating a high 
level of removal by the air handling system.  The mean NO2 levels in return air was 6.92 ppb.  Despite 
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emissions from I-5, but they are 
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In summary, the outdoor concentrations of PM10 and PM2.5 at HTMS are below federal standards
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schools are naturally ventilated and the penetration of outdoor PM2.5 and NO2 to the schools’ indoor 
areas is high (Amato et al. 2014), and means that school children are exposed to elevated levels 
throughout the school day, indoors and outdoors.  In the Barcelona classrooms, the mean NO2 level was 
15.8 ppb (11.9-18.9 ppb 
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was 829 ng/m3, with an interquartile range of 290 to 1127 ng/m3.  Thus, outdoor levels in both seasons 
exceeded the Oregon ABC.  In both monitoring seasons, the HVAC system demonstrated large removal 
efficiencies for BC; approximately 95% in the Fall and 86% in the Spring.  Very tight distributions of 
values were observed in the Spring for supply and return air, evidence of very good HVAC system 
performance. 

In the Spring monitoring, BC was measured with a handheld aethelometer in the park and other outdoor 
areas surrounding the school, during lunchtime and afternoon hours.  Median levels were comparable 
to those measured at the HVAC intake, ranging from 457 to 725 ng/m3.  The median neighborhood 
background level, measured several blocks to the east of the school, was 333 ng/m3.  
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The outdoor concentrations of BC 
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equipment, and cleaning products.  In fact, the concentrations of many VOCs are higher in indoor 
residential settings and public buildings, than outdoors (U.S. EPA Team Study, 1985).  The health effects 
associated with exposure to VOCs include eye and upper airway irritation, asthma and allergic 
respiratory symptoms, headaches, dizziness, and nausea, memory impairment, damage to the liver, 
kidney and central nervous system, and for certain VOCs, cancer (Indoor Air Quality Scientific Findings 
Resource Bank, https://iaqscience.lbl.gov/voc-sensory ).  The charcoal bed filter bank in the HVAC 
system at HTMS is designed to remove broad classes of VOCs from outdoor air.  There are hundreds of 
organic compounds, therefore a reduced set of VOCs with relevance to TRAP or high toxic potential 
were selected for monitoring by the PSU team, and were monitored in the outdoor air, and the supply 
and return air streams of the HVAC system. 

Currently, no federal standards have been set for VOCs, although guidelines and recommendations have 
been set by various professional organizations (ACGIH, https://www.acgih.org/tlv-bei-guidelines/tlv-
chemical-substances-introduction ).  The evidence for toxicity for VOCs that are commonly present in 
TRAP has been reviewed by the Air Toxics Science Advisory Committee (ATSAC) of the Oregon DEQ, and 
this advisory body has recommended Ambient Benchmark Concentrations (ABCs) for specific chemical 
compounds that were adopted by the Environmental Quality Commission of the State of Oregon in 2017 
(https://www.oregon.gov/deq/aq/air-toxics/Pages/default.aspx ).  The ABCs are reviewed every 5 years 
and are based on the best available scientific evidence to derive an excess health effects risk (cancer, 
birth defect, organ damage) of 1-in-1 million from continuous inhalation exposure across a lifetime.  This 
is the additional or extra risk of developing cancer due to exposure over the 70-year life of an individual.  
The ABCs include uncertainty factors to protect sensitive subgroups.  Thus, the ABCs are health-based 
and provide a useful point of reference for evaluating population health risks, but it is incorrect to apply 
the ABCs to estimate the probability that an individual will experience an adverse health effect. 
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Levels of VOCs in the Spring monitoring period represent the typical occupancy conditions of the school 
without the influence of construction activities and off-gassing of new building materials.  Outdoor air 
measurements of these VOCs at HTMS were less than concentrations reported by DEQ for Portland 
neighborhood monitoring stations (Figures 9-11). Using measurements of VOCs in the return air to 
represent the indoor exposure of students in classrooms, each of these VOCs were well below Ambient 
Benchmark Concentrations. 

Chemical Portland Background 
µg/m3 

Oregon DEQ ABC 
µg/m3 

Outdoor Air 
µg/m3 

Return Air 
µg/m3 

Benzene 0.59 0.13 0.10 0.00 
Toluene 1.12 5000 0.41 0.18 
m-, p-Xylene 
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ACGIH. DEFGH:!)I6,($7,"$.J American Conference of Governmental Industrial Hygienists, Washington, 
D.C.  https://www.acgih.org/tlv-bei-guidelines/tlv-chemical-substances-introduction 
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HEI Review Panel on Ultrafine Particulates. T"($&.#'"(,"%)#L$)L$'7#L)$00$+#.)10)'/O,$"#)67#&'0,"$)



18 
 

U.S. EPA. 
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