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Background
Currently, the United States Environmental Protection Agency 
(EPA) regulates emission of 187 specific hazardous air pollut-
ants (HAPs) via the Clean Air Act.1 Unlike criteria air pollutants, 
HAPs are defined as air toxics with known or suspected serious 
health effects, usually focusing on cancer outcomes.1 However, 
105 of these 187 HAPs are known to be associated with health 
effects other than cancer, including adverse birth outcomes.2 
Many areas, such as Portland, OR, attain criteria air pollutant 
standards but fail to maintain HAP levels that are compliant.3,4 
There is no exposure threshold for HAPs that is considered safe 
for human health per the EPA,1 but there is a dearth of epidemio-
logical research linking HAP exposure to birth outcomes.

Most of the evidence for an association between HAP and 
adverse pregnancy outcomes come from studies of traffic-re-
lated air pollutants. For example, a meta-analysis of 62 studies 
observed a decrease in term birth weight of 28.1 g (95% con-
fidence interval [CI]: −44.8, −11.5) per 20 ppb increase in ni-
trogen dioxide (NO2).

5 NO2 is a surrogate for the traffic-related 
air pollution mixture that contains numerous HAPs, such as 
diesel particulate matter (DPM), polycyclic aromatic hydrocar-
bons (PAHs), and benzene, toluene, ethylbenzene, and xylene 
(BTEX).6,7 While there are fewer studies specifically examining 
nonvehicle air toxic exposures, some studies have observed 
associations between adverse birth outcomes and nonspecific 
ambient HAP exposures to PAHs, chromium, and nickel8–10 as 
well as proximity to industrial sources such as oil and gas de-
velopment,11–14 coal power plants,15–17 mining activity,18,19 and 
metal smelters.20 Overall, there are limited studies examining 
exposure to specific HAPs during pregnancy, especially HAP 
mixtures from multiple sources.5,21,22

School of Biological & Population Health Sciences, College of Public Health & 
Human Sciences, Oregon State University, Corvallis, Oregon.

Sponsorships or competing interests that may be relevant to content are 
disclosed at the end of the article.

The data used in this research are not publicly available but can be requested 
from the Oregon Vital Statistics program.

 �Supplemental digital content is available through direct URL citations in 
the HTML and PDF versions of this article (www.environepidem.com).

*Corresponding author. Address: 160 SW 26th St, Corvallis OR 97331. 541-737-
4829. E-mail address: perry.hystad@oregonstate.edu (P. Hystad).

Hazardous Air Pollutants and Adverse Birth 
Outcomes in Portland, OR
Mary Willis, Perry Hystad*

What this study adds
Using a vital statistics cohort (n = 279,051 births), our study exam-
ined associations between adverse birth outcomes and hazardous 
air pollution (HAP) exposures in Portland, OR. Few studies have 
addressed the effects of HAP exposures during pregnancy, a 
major shortcoming to the literature that we address in a city with 
high HAP concentrations and extensive community concern. We 
documented exposure gradients by sociodemographic character-
istics, highlighting a potential environmental inequity. However, 
we did not observe consistent associations between adverse birth 
outcomes and cumulative HAP exposures after accounting for 
sociodemographic characteristics. Some HAP-specific models 
(e.g., butadiene, cadmium, chromium) demonstrated elevated 
risks that should be investigated in more depth.
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Background: The impact of multiple hazardous air pollutant (HAP) exposures during pregnancy on adverse birth outcomes is 
unknown. We examined associations between cumulative and individual HAP exposures and adverse birth outcomes in Portland, 
OR, a region that has exceeded HAP air quality guidelines for decades.
Methods: We used vital statistics records in the Portland Metropolitan Region from 2000 to 2014 (n = 279,051 births). Prenatal 
exposure to 19 HAPs was assessed using a dispersion model applied to maternal residential address at delivery. We used linear 
and logistic multivariate regression models to assess associations between individual and cumulative HAP exposures and preterm 
term (PTB), term birth weight (TBW), and small for gestational age (SGA), adjusting for several potential individual and neighborhood 
confounding factors.
Results: We observed no associations for composite HAP exposure metrics and adverse birth outcomes. Associations were 
observed in fully adjusted models comparing the highest to lowest quintiles of exposure for certain HAPs including chromium VI and 
TBW (−12.70; 95% confidence interval [CI]: −23.10, −2.31); 1,3-butadiene and TBW (−16.86; 95% CI: −29.66, −4.06) and SGA 
(1.18; 95% CI: 1.07, 1.30); and cadmium and TBW (−31.37; 95% CI: −56.20, −.54). For some HAP metrics, we observed higher 
HAP exposures for minority groups and large unadjusted associations between other HAPs and adverse birth outcomes, but most 
associations were attenuated in adjusted models.
Conclusions: Adverse birth outcomes were not consistently associated with most HAP exposures in Portland, OR, although some 
specific air toxic exposures warrant further attention.
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