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 Yakima County, Washington is an area with prolonged exposure to poor air quality (PM 2.5) and has been one of 
the hardest hit counties in cases per capita of COVID-19 in the Western US. The physical health impacts of poor 
air quality exposure and COVID-19 have been well documented. However, the mental health impacts of these 
concurrent exposures are unknown. A pilot study (n=232) surveyed households using random-digit-dialing (RDD) 
in Yakima, County in Dec 2020-Jan 2021 to understand the spread of COVID-19 in vulnerable communities. Air 
quality behaviors and contexts including home filtration systems and use of community shelters during poor air 
quality events were measured. Mental distress was measured by the John Hopkins’s Mental Distress COVID-19 
Community Response Survey. Descriptive data analysis along with Spearman’s rank correlation analysis were 
performed. Nearly half of the sample (45.3%) did not have access to air quality mitigation measures in their 
homes. The majority of the sample (54.3%) reported wanting to access clean air shelters during major air quality 
events such as the smoke and wildfire season of 2020. Participants who were unable to mitigate poor air quality 
in their households as well as those who were unable to access community clean air shelters were observed to 
have higher levels of mental distress (p<.05). This study adds to the body of evidence that environmental 
exposures play a significant role in mental health and that compounding impacts of climate change should be 
studied more in depth. Household interventions should be explored as COVID-19 has brought community 
protection measures to a halt, while climate change induced natural disasters will only increase in the future. 
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INTRODUCTION 

Yakima County, Washington displayed the highest COVID-
19 infection rate among any county on the West Coast of the 
United States in early Spring 2020 (Geranios, 2020) with an 
initial peak of over 700 cases per 100,000 populations during 
June of 2020 (Washington State Coronavirus Response, 2021). 
Simultaneously, Yakima municipality has been ranked as the 
5th worst and Yakima County as 13th worst for short-term 
particle air pollution in the United States (American Lung 
Association, 2021). This increased environmental exposure 
may exacerbate vulnerability to COVID-19 disease and lead to 
poor respiratory outcomes (Azuma et al., 2020; Ching and 
Kajino, 2020; Wu et al., 2020).  

Environmental changes can increase mental distress and 
feelings of uncertainty and insecurity (Usher et al., 2020). The 
impact of the COVID-19 pandemic is far-reaching and 
isolation, loss of livelihood, misinformation, and lack of access 

to resources have resulted in a myriad of mental health 
consequences (Fiorillo and Gorwood, 2020; Killgore et al., 
2020; Kumar and Nayar, 2020; Ornell et al., 2020). Depression, 
anxiety, substance abuse, self-harm, eating disorders, and 
suicide have increased in severity and treatment episodes 
since the onset of COVID-19 (Czeisler et al., 2020; McKnight-
Eily et al., 2021; Son et al., 2020). Additionally, perceptions of 
low quality of life and environmental stressors can decrease 
one’s ability to cope with mental distress (Chwaszcz et al., 
2021).  

The Yakima County region has experienced notable 
deficits in air quality over the past decade, in particular in fine 
particulate matter (PM2.5) (American Lung Association, 2019; 
Firebaugh et al., 2020; Washington Smoke Information, 2020). 
PM2.5 is defined as suspended particulate matter that is smaller 
in aerodynamic diameter than 2.5 µm; it is mainly made up of 
products from incomplete combustion of fuels, and some 
agricultural and industrial activities (World Health 
Organization, 2017). Yakima County’s air quality is negatively 
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impacted by PM emissions from episodic wildfires in the 
summer months, and wood stoves used for home heating 
during cold winter months (VanderSchelden et al., 2017). In 
addition, ammonium and secondary aerosol production from 
animal emissions have contributed to poor air quality and 
motivated several recent studies on pediatric asthma in the 
region (Loftus et al., 2015; Masterson et al., 2020). Upon 
inhalation, PM2.5 adversely impacts the respiratory and 
cardiovascular systems, even causing premature death (World 
Health Organization, 2017). Thus, PM2.5 exposures may 
correspond directly to pulmonary function and risk factors for 
COVID-19 as a respiratory infectious disease. Research 
conducted early in the pandemic found that higher levels of 
PM were significantly positively associated with COVID-19 
morbidity and mortality (Wu et al., 2020). A recent paper was 
able to calculate the attributable risk of COVID-19 death 
related to long-term PM exposure. Using satellite data of PM2.5, 
the researchers found that 15% of all COVID-19 deaths in 
North America were attributable to long-term PM2.5 exposures, 
50% or more of which was attributable to human causes 
(Pozzer et al., 2020). The study also found that even small 
increases in PM2.5 contributed to morbidity and mortality 
(Pozzer et al., 2020).  

Indoor Air Quality and COVID-19 at the Household Level  

To date, the interaction of indoor PM2.5 and COVID-19 
vulnerability and health outcomes remain unknown (Du and 
Wang, 2020; Espejo et al., 2020). In addition, little is published 
on changes in indoor air quality resulting from COVID-19 
public policies and subsequent modified social and 
environmental conditions. One recent study on indoor air 
quality in public housing units in Spain during the initial 45-
day lockdown in COVID-19 hotspots found that due to 
increased time spent indoors, indoor air pollution significantly 
increased by 12% for PM2.5 and by 559% for volatile organic 
compounds (Dominguez-Amarillo et al., 2020). These air 
quality deficits were found despite significantly improved 
outdoor air quality and to be associated with a lack of suitable 
ventilation and more intensive use of cleaning products and 
disinfectants (Dominguez-Amarillo et al., 2020). The 
Environmental Protection Agency (EPA) estimates that the 
average American spends 90% of their lives indoors, where PM 
levels are estimated to be 2-to-5 times higher in concentration 
than the surrounding outdoor area (Environmental Protection 
Agency, 2020). During the COVID-19 pandemic, people spend 
even more time at home, according to Google’s COVID-19 
Community Mobility Reports (Google, n.d.). Washington State 
residents spent significantly more time at home (ranging from 
9% to 50%) compared to pre-pandemic time (Google, n.d.). If 
current projections regarding wildfires, indoor and outdoor air 
quality, and continued COVID-19 infections in the US are 
confirmed, Yakima County residents, including those who will 
be diagnosed with COVID-19, will be exposed to 
disproportionately worse air quality while they attempt to 
recover from the pandemic conditions.  

While household PM2.5 is associated with cardiorespiratory, 
pediatric, and maternal disease outcomes (Lee et al., 2020), the 
link between indoor PM2.5, the COVID-19 conditions and 
mental health outcomes are relatively unknown. However, 
research on previous natural disasters such as wildfires or 

manmade disasters such as war-time conflicts have 
demonstrated that these events are associated with 
psychological distress, both acute and long-term. Previous 
studies on these events have identified salient factors 
associated with the incidents and post-disaster response 
measures that have the potential to mitigate adverse effects 
(Beaglehole et al., 2018). However, the novelty of COVID-19 
interacting in a community with significant socio-economic 
and environmental disparities has not been assessed for 
factors associated with mental distress in this phenomenon. 
This study aims to investigate the association between air 
pollution mitigation factors and mental distress during 
COVID-19 conditions. 

METHODS 

Study Design and Sampling 

In 2020, a study on the spread and severity of COVID-19 in 
vulnerable communities was launched to intermittently survey 
residents of Yakima County, Washington. This large-scale 
study examined comprehensive factors related to COVID-19 
prevention and spread, including prevention behaviors, 
knowledge, demographic factors, mental and physical health 
impacts. The presented results herein are from a subset of the 
pilot wave (n=232). The pilot wave was conducted during the 
period of (November 2020-January 2021) while the region was 
in a “Phase 1” community restriction (also referred to as a 
“lockdown”); the most restrictive phase for school and 
business openings, emphasizing the Washington State 
Department of Health’s message to “stay home, stay safe.” 
Data collection for the larger-scale study is ongoing. A dual-
frame RDD methodology was employed to conduct landline 
and mobile phone interviews with individuals in English or 
Spanish, with the household member on the phone being aged 
18-and over providing over the phone consent to participate in 
a larger study.  

Measures 

COVID-19 measures from the JHU COVID-19 Community 
Response Survey included the Mental Health Impacts section 
which is a 15-item scale with different areas of stress/distress 
related to the experience of COVID-19 (Mehta, 2020). The 
measure includes but is not limited to fear of health 
consequences for self or loved ones, the mental disturbances 
to sleep and daily life, the economic worries presented by the 
COVID-19 pandemic over the past 14-days. The measures 
included responses in a Likert scale ranging from “strongly 
disagree” “disagree” “neutral” “agree” and “strongly agree.” 
The measure responses were collapsed “strongly disagree” 
“disagree” “neutral” together and “agree” and “strongly” 
agree together to form “yes” “no” dichotomous variables. The 
research team created an original survey instrument about air 
quality health behaviors adapted from previous county air 
quality surveys conducted regionally. These questions 
included questions about respondents’ primary and secondary 
sources of indoor heat, utilization of in-home air purifiers, and 
intention to use community clean air shelters during COVID-
19 conditions.  
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Data Analysis 

Descriptive data analysis for all the variables included in 
the analyses are reported, along with the demographic 
characteristics of the sample. Due to the small sample size and 
non-normal distribution of the demographic variables, non-
parametric testing (Spearman’s rho) was used in the 
inferential analyses in this study, and we did not attempt to 
model any multivariable analyses. The measures used in the 
COVID-19 community response scale were developed/adapted 
specifically for utilization in the response to and study of the 
COVID-19 pandemic, a novel event. The scoring of such scales 
has little guidance, therefore for the mental health score, we 
report the descriptive data for each individual construct of the 
COVID-19 distress scale as well as the total score means of the 
sample. The individual constructs in the mental health 
impacts scales were analyzed individually as were total scores. 
In addition, we created a split sample in which those scoring 
1-6 as having “lower distress” and those who have a total score 
of 7 or higher as having “higher distress.” This dichotomous 
score was compared in a correlation analysis to the 
independent variables. This study was approved by the Central 
Washington University HSRC (not IRB). 

RESULTS 

Demographic Findings   

In total, there were (n=232) respondents aged 18 and over 
in the final study sample. The following section presents the 
demographic characteristics of the sample. 38.9% of the 
sample was aged 18-49, with the remaining percent of the 
sample (61.1%) aged 50 and over. 56.5% of the respondents 
identified as female and 31.8% were male, 1.7% were 
nonbinary gender. The educational attainment of the sample 
included 37.9% who had high school graduation education or 
less, while the remaining 62.1% had some college training or 
higher education. While almost half of Yakima County 
identifies as Hispanic or Latino, only 42.7% of participants in 
this sample did. In the pilot study sample, 17.2% (n=40) of the 
respondents had at least one member of the household 
(including themselves) who had tested positive for COVID-19.  

Mental Health Descriptive Analysis  

Participants in this study were asked to complete the 
COVID-19 distress scale included in the John Hopkin’s 
community response survey (Mehta, 2020). Total scores for the 
15-item scale ranged from 0-15 with a mean of 7.4 (SD +/-4.2). 
(Table 1) presents the individual responses for the 15-point 
scale on mental health impacts of COVID-19.  

Air Quality Context Descriptive Analysis 

Most participants (57.8%) used central or forced air in their 
homes. 3.4% of the sample used wood-burning as a primary 
source of heat and 26% used wood burning as a secondary 
source of heat. About a quarter (24.6%) of participants 
reported having a HEPA filter device to assist in purifying their 
air. 15.1% had some other type of air purifier, and 18.1% 
recirculated air in their home air conditioning or heating 
system. Almost half of households (47.3%). surveyed did not 
have any form of mitigation for poor air quality in their home. 
While more than half of Yakima County households surveyed 
had at least one form of poor air quality mitigation in their 
home (52.6%), a smaller subset of those (7.3%) reported using 
a combination of two-to-three forms of poor air quality 
mitigation. Still, 47.3% of households were without any 
mitigation tools in their home when poor air quality was 
present. Over half of respondents (52%) reported that they 
would opt to utilize a clean air shelter during air quality events 
(such as wildfires), including 17% who reported having no 
access to in-home mitigation strategies.  

Inferential Findings 

Higher levels of mental distress included individuals in the 
upper half of the distress scales while community clear air 
measures meant those who intended to use clean air shelters 
but did not have access. In-home air quality mitigation 
included those who responded that had some type of air 
filtration system or some method used in their home that 
reduced poor air quality at the household level (self-reported). 
Lacking access to in-home or community clean air measures 
were positively associated with higher levels of mental distress 
during the COVID-19 pandemic (p<.05).  

Table 1. Individual construct mental health distress responses of study sample 

Measure question 
Yes responses 

n % 
I have had difficulties sleeping since March 1, 2020. 73 31.5 
I have had difficulties concentrating since March 1, 2020. 56 24.1 
I feel anxious thinking about the COVID-19 pandemic. 125 53.9 
I feel overwhelmed thinking about the COVID-19 pandemic. 89 38.4 
I am concerned I will get infected by the COVID-19 disease. 134 57.8 
I am concerned I will pass the COVID-19 disease onto someone else. 141 60.8 
I am concerned I will have to go to the hospital if I get the COVID-19 disease. 148 63.8 
I worry whether I will have to go into quarantine whether I get COVID-19 or not. 98 47.2 
I worry someone in my direct environment (family, friends, and colleagues) will get COVID-19 disease. 171 73.7 
I worry someone in my direct environment (family, friends, and colleagues) will die from COVID-19 disease. 167 72.0 
I worry about money because of the COVID-19 pandemic. 114 49.1 
I worry about having enough food because of the COVID-19 pandemic. 81 34.9 
I worry about loss of income if I get COVID-19 disease. 102 44 
I worry about medical bills if I get COVID-19 disease. 123 53 
I am spending more money because of the COVID-19 pandemic. 92 39.7 
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DISCUSSION 

Although it is difficult to make a direct comparison on the 
mental health distress scale used to assess the impact of 
COVID-19 versus typical population mental health 
monitoring, this study lays the groundwork for understanding 
the degree to which mental health distress is of significant 
concern in the target community who faces complex risk 
factors for respiratory illness, including COVID-19. In a 
previous community health assessment in 2017, 13% of adults 
aged 18 and over living in Yakima reported having 14 or more 
days of poor mental health in the past 30 days (Washington 
State Department of Health, 2017). This study observes a high 
proportion of the population experiencing a significant 
number of mental distress symptoms and co-occurring needs 
around air quality mitigation that may otherwise exacerbate 
respiratory outcomes. While this study found an association 
between mental health distress and the lack of air quality 
mitigation efforts either at the individual household or 
community level, further research to understand this 
relationship-including multivariate analysis should be 
conducted. Other communities that are subject to high rates of 
COVID-19 and typical environmental pollution may be at risk 
for significant population levels of mental health distress 
including anxiety disorders, PTSD, depression or other 
psychological disturbances. Future research should continue 
to monitor these communities for these conditions.  

The study’s findings are consistent with previous research 
on disaster preparedness and response and mental health 
distress. When individual or community health resources, 
services, and supports are lacking, individuals are more at risk 
for acute and long-term mental distress (Beaglehole et al., 
2018). A high proportion of the population has no household 
protection from poor air quality events yet is exposed to 
seasonal air quality events that increase the risk profile for 
respiratory illness. In Yakima County, and across much of 
Washington State in the summer of 2020, wildfire smoke 
events occurred in which there were 14 straight days of 
hazardous air quality. If air quality shelters will not be 
available in the summer/fall fire season, alternate plans should 
be coordinated with public health and community 
organizations to ensure that all households have some form of 
air quality mitigation.  

The collateral impacts of climate change have been shown 
to yield a higher frequency and intensity of natural disasters 
including wildfires. Despite the general consensus among 
climate change experts, the necessary efforts to reduce these 
events in the short and mid-term do not appear to be 
imminent. Household-level interventions should be explored 
for vulnerable citizens in the short- and mid-term as they are 
most immediately and severely impacted by these events. 

This study is limited by a small sample size and thus only 
limited inferences can be made from the findings of this 
research. However, the study sample skewed toward 
individuals who may have been more economically advantaged 
and less vulnerable in the target community. Therefore, these 
findings may have been even more pronounced in a more 
representative and vulnerable segment of the population. 
Findings within this study provide initial evidence to move 

research forward connecting air pollution and mental health, 
particularly in the pandemic context. As the response and 
recovery from COVID-19 and concurrent air quality events 
goes from acute to mid to long term, public, mental, and 
medical health professionals should be aware of the likelihood 
of ongoing mental distress in light of these events.  

CONCLUSIONS 

Populations in Yakima County are disproportionally 
affected by persistent poor air quality (PM2.5) and high rates of 
COVID-19. This preliminary study demonstrated that those 
persons with less ability to mitigate their exposure to poor air 
quality are at risk of worse mental health outcomes in face of 
the COVID-19 pandemic. Environmental exposures will persist 
in this region and policy makers, public health, mental health, 
and general practitioners should consider individual or 
household level interventions as typical community response 
to fire and smoke. The findings of this study indicate a need to 
further investigate the synergy of these concurrent factors on 
mental health. 
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