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Abstract

This study investigated disparities in residential exposure to carcinogenic air pollutants among
Asian Americans, including Asian ancestry subgroups, in four US metro areas with high
proportions of Asians, i.e., Honolulu, Los Angeles, San Francisco Bay Area, and Seattle.
Generalized estimating equations adjusting for socioeconomic status, population density and
clustering show that a greater proportion of Asian Americans in census tracts was associated with
significantly greater health risk in all four metro areas. Intracategorical disparities were uncovered
for Asian ancestry. A greater proportion Korean was positively associated with risk in four metro
areas; greater proportion Chinese and Filipino were positively associated with risk in three of the
four metro areas. While Asian Americans are infrequently examined in environmental justice
research, these results demonstrate that Asian Americans experience substantial distributional
environmental injustices in these four metro areas and that ancestry is an important dimension of
intracategorical complexity.
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INTRODUCTION

In metro areas across the US, Black and Latino/a populations tend to experience greater
exposure to health-harming environmental toxics than Whites (Downey 2006a, 2006b, 2007,
Mohai, Pellow, and Roberts 2009). A focus on Asian Americans has been nascent in the
environmental justice (EJ) literature in recent years (Grineski, Collins, and Morales 2017),
but there are competing hypotheses regarding the extent of Asian American environmental
inequalities. More complete analyses of environmental injustices borne by Asian Americans
are warranted because Asian Americans are the fastest growing racial/ethnic group in the US
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(Pew Research Center 2016), and they experience health disparities linked to environmental
conditions (Chen 2005).

This paper tests competing hypotheses about environmental health risks for Asian
Americans and explores intracategorical environmental inequalities for Asian Americans
based on country of ancestral origin. We conduct parallel generalized estimating equation
(GEE) analyses predicting residential lifetime cancer risks (LCR) from hazardous air
pollutants (HAPSs) in four metro areas with sizable Asian American populations—Honolulu,
HI, the San Francisco Bay Area, CA, Los Angeles, CA, and Seattle, WA—at the census tract
level using the 2011 National Air Toxics Assessment. Shifting focus from the nationwide
assessment featured in Grineski, Collins and Morales (2017) to these four prominent Asian
American metropolitan areas in the US West, which have been studied to varying extents in
the environmental inequality literature, our analysis enables assessment of Asian Americans’
disproportionate risks to carcinogenic HAPs as well as risk disparities within this
heterogeneous population based on membership in ancestral subgroups.

This focus on ancestry contributes to a growing body of research that advances an
“intracategorical” approach to studying the complexity of neighborhood-level environmental
inequality outcomes associated with the spatial concentration of different sub-populations of
racialized groups in the US. The theoretical origins of this approach lie in the work of
intersectionality scholars, particularly Leslie McCall (2005): 1774), who defined
“intracategorical” complexity studies as those that “focus on particular social groups at
neglected points of intersection [within a social group]... in order to reveal the complexity of
lived experience within such groups.” This approach differs from analyses of
"intercategorical™ complexity, understood as the “relationships of inequality among social
groups and changing configurations of inequality along multiple and conflicting
dimensions” (McCall 2005:1773). The intercategorical focus is represented in many
environmental inequality outcomes studies (Liévanos 2015; Liévanos 2017; Downey and
Hawkins 2008). Collins et al. (2011) was the first quantitative study to explicitly apply the
intracategorical analytical framework to the unequal distribution of carcinogenic hazardous
air pollutants associated with the spatial concentration of different sub-populations of
Latino/as in El Paso, Texas. This theme was carried through to other studies (Grineski,
Collins, and Chakraborty 2013; Grineski et al. 2016; Chakraborty, Grineski, and Collins
2016), focused on Latino/as in different US cities and to a national study of the US Asian
population (Grineski, Collins, and Morales 2017).

Asian Americans are an important group to examine in studies of EJ from both
intercategorical and intracategorical perspectives. There are over 18 million Asian
Americans in the US, comprising 6% of the total population. Three-quarters of adults who
identify as being of Asian racial background in the US are foreign-born (Pew Research
Center 2016). Asian Americans have the highest incomes and levels of education of all
racial groups in the US (Pew Research Center 2016). Half of Asian American adults have a
college degree compared to one-quarter of all Americans, and the median annual household
income among Asian Americans is $66,000 compared to the national average of $49,800
(Pew Research Center 2016). These statistics underscore why Asian Americans are often
called the “model minority” (McGowan and Lindgren 2006). Despite this designation, they
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still experience health disparities relative to Whites (Huang et al. 2012; Ibaraki, Hall, and
Sabin 2014). For example, while cancer is the leading cause of death for Asian Americans
(Chen 2005; CDC 2010), physicians recommend preventative cancer screenings to Asian
patients at a substantially lower rate than other groups, in part because of the model minority
stereotype (Ibaraki, Hall, and Sabin 2014).

ASIAN AMERICANS AND ENVIRONMENTAL INEQUALITY: CURRENT
KNOWLEDGE, COMPETING HYPOTHESES

When seeking to explain racial/ethnic patterns of environmental inequality
intercategorically, two theses are particularly relevant to this study. First, the racial income
inequality thesis asserts that socioeconomic status explains racial differences in exposure to
environmental hazards (Oakes, Anderton, and Anderson 1996). The premise is that since
property values and rents are lower in environmentally hazardous neighborhoods, those
locales are more financially accessible to low income populations, which are
disproportionately composed of racial/ethnic minority individuals, and undesirable to more
affluent populations, which are disproportionately White (Crowder and Downey 2010).
Extending this logic, Asians are presumably more able to avoid polluted neighborhoods,
since, like Whites, they have relatively high levels of income and education; this assertion
gives rise to our first hypothesis:

H1 Asian Americans will experience similar environmental risks relative to Whites.

Some previous studies provide support for this hypothesis. In a nationally representative
study, researchers found that while Asian Americans were less likely than Whites to live
near industrial facilities, the significance of this finding attenuated with the addition of
socioeconomic status, as predicted by the racial income inequality thesis (Oakes, Anderton,
and Anderson 1996), so that risk levels were not significantly different. Jones and colleagues
(2014) found that Chinese Americans had similar PM, 5 and NOy levels to Whites in Los
Angeles, but lower PM> 5 and NO, exposures than Whites in Chicago, after adjustments for
income and other variables. They also determined that living in neighborhoods where Asian
Americans were underrepresented or overrepresented was not associated with PM, 5 or NOy
concentrations (Jones et al. 2014). This suggests the absence environmental inequalities
related to Asian American composition in neighborhoods of these cities.

A second explanation for environmental inequalities of relevance for a study of Asian
Americans is the racial residential discrimination thesis (Bullard 1993). This thesis asserts
that minority groups are disproportionately exposed to environmental hazards because of
historical and contemporary racial discrimination that has marginalized minorities within
polluted neighborhoods (Pais, Crowder, and Downey 2014). This thesis is supported by
findings indicating that racial inequalities in exposure persist when controlling for
socioeconomic status (Crowder and Downey 2010; Ringquist 2005).

When Asian Americans are viewed as a disadvantaged minority group relative to Whites,
this supports the expectation that they will face environmental inequalities. Indeed, a body of
research problematizes the model minority label as applied to Asian Americans. There is
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persistent racial subordination of Asian Americans in US society, which is reflected in the
‘perpetual foreigner’ trope (Kim 1999; Xu and Lee, 2013). Additionally, national income
comparisons are misleading due to the urban nature of the Asian American population and
the fact that there are higher concentrations of Whites than Asians living in rural areas where
incomes and costs of living are lower (Fong 2008). And, while Asian Americans do have
high levels of educational attainment, they earn less than their White counterparts at each
level of education (Fong 2008), and do as poorly as other racial/ethnic groups in gaining
management and executive jobs (Chin 2016). Given this evidence, our second and
competing hypothesis is:

H>: Asian Americans will experience greater environmental risks than Whites.

In-line with the second hypothesis, risk for Asian Americans was first observed in the
landmark study commissioned by the United Church of Christ (1987). Twenty years later, in
a follow-up report, percentages of Asians in neighborhoods hosting commercial hazardous
waste facilities were 1.8 times greater in host vs. non-host neighborhoods (Bullard et al.
2007). Many other studies have revealed that Asian Americans face risks from
environmental hazards (Liévanos 2015; Clark, Millet, and Marshall 2014; Cushing et al.
2015; Morello-Frosch and Jesdale 2006; Downey et al. 2008; Payne-Sturges and Gee 2006;
Houston, Li, and Wu 2014; Su et al. 2011; Grineski, Collins, and Morales 2017).

When seeking to understand racial/ethnic patterns of environmental inequality, recognizing
the intracategorical diversity that exists within minority populations is important. The
critique of the model minority label highlights the substantial diversity that exists within the
US Asian population (Nicolaides 2015), and the fact that Asian Americans are not a
monolithic group. Considering Asian Americans as one socially (dis)advantaged group may
conceal disparate environmental health risks experienced by particular Asian ancestral
subgroups. For example, while many highly educated South Asians have recently migrated
to the US to work in the tech industry, a sizable number of Southeast Asians entered the US
as low-income refugees after the Vietnam war (Pew Research Center 2016; Rumbaut 2000).
Despite these differences, Asian ancestry is rarely examined in studies of environmental
health disparities (Gordon, Payne-Sturges, and Gee 2010). A review of this limited literature
(presented next) orients the third hypothesis, which is:

Hs: Environmental risks for Asian Americans will vary based on ancestral origin with
Chinese, Japanese, Koreans and South Asians facing increased risk.

Related to this hypothesis, a study in California found that Korean and Japanese American
women faced substantial exposure to mammary gland carcinogens in their neighborhoods,
even though the risks for White women as compared to Asian American women aggregated
into one category were similar overall (Quach et al. 2014). In the US more generally,
neighborhoods with higher (vs. lower) proportions of Chinese, Korean, and South Asian
residents had significantly greater cancer risk burdens relative to Whites (Grineski, Collins,
and Morales 2017). While few studies have examined environmental health disparities
within the Asian American population, research on the US Hispanic/Latino population
supports the hypothesis that intracategorical differences will likely be present for Asian
Americans (Grineski, Collins, and Chakraborty 2013; Grineski et al. 2016; Chakraborty,
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Grineski, and Collins 2016; Collins et al. 2011). While there is some evidence that Asian
Americans face disproportionate exposure to environmental hazards in the US, the research
has received little attention and findings have been underemphasized relative to the research
on Hispanic/Latino and Black Americans. Very little is known about intra-ethnic
environmental inequalities despite the diversity of the Asian American population and the
important implications for the health of Asian Americans.

DATA AND METHODS

Selection of the Study Areas

Using 2010 US Decennial Census data, we selected the four metro areas for inclusion in this
study based on the percentage of their population of Asian race. Tables 1 and 2 and Figure 1
compare the total and Asian American populations across the four metro areas and the US.

We selected Honolulu, as it has the highest percentage of Asian Americans (43%) of all US
metro areas. While the Chinese were the first Asian group to settle on the island of Oahu, the
Japanese outnumber other Asian groups today. Honolulu is unique compared to other US
metros in that Asians dominate commercial and professional life (Zhou, Tseng, and Kim
2008). To our knowledge, a quantitative EJ study has never been conducted on Honolulu,
even though the metro area suffers from industrial and energy-related activities, brownfields,
polluted runoff, and traffic-related pollution common in large US metro areas
(Environmental Protection Agency 2016b).

The next two metro areas with the highest percentages of Asian Americans were San Jose-
Sunnyvale-Santa Clara (31%) and San Francisco-Oakland-Hayward (23%). Because they
are geographically contiguous, we combined them into a seven-county Bay Area (25%) and
analyzed them as our second study area. The Asian American population in the Bay Area is
rapidly growing and demographers have predicted that Asians will become San Francisco’s
largest racial/ethnic group within a few decades (Allen and Turner 2011). The growth has
been driven in part by the demand for jobs in the technology sector, as Asian Americans
make up half of the Bay Area’s tech workforce, which depends on both low- and high-
skilled Asian immigrants (Pamuk 2004). Major air pollution concerns in the Bay Area stem
from the tech industry (Park and Pellow 2002), its position as a product movement corridor,
and transportation networks serving its large and dense population.

Previous studies have documented environmental inequalities for low income, Hispanic and
Black neighborhoods in the Bay Area (Fisher, Kelly, and Romm 2006; McClintock 2012;
Szasz and Meuser 2000). These inequalities have given rise to multiracial coalitions seeking
to achieve environmental justice (Shah 2011), despite the challenges of building a common
consciousness among marginalized people with marked differences in terms of geography,
immigration history, race, class, gender, and generation (Shah 2008). To date, the most
comprehensive quantitative study on environmental inequality and air pollution in the Bay
Area found that densely populated census tracts characterized by relatively low income and
a larger share of immigrants and people of color were disproportionately burdened by risks
from toxic air releases from factories and from cancer-causing and respiratory illness-
inducing air toxics (Pastor, Sadd, and Morello-Frosch 2007). The percentage of the census
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tract population that was Asian was not significantly related to presence of factories in their
study, but was correlated with greater cancer and respiratory risk from air toxics (Pastor,
Sadd, and Morello-Frosch 2007). While not focused on air pollution, a study including the
San Francisco Bay area found that socioeconomically disadvantaged Blacks and
linguistically isolated and socioeconomically disadvantaged Latinos were the primary
determinants of block group level health hazards from proximate surface water toxic
releases; a measure of Asian-Pacific Islander disadvantage was a positive predictor of risk,
but was not statistically significant (Liévanos 2017).

The metro area with the fourth largest percentage of Asian Americans in the US is Los
Angeles-Long Beach-Santa Ana (15%), which we selected as our third study area. Over the
last decade, the Asian American population in Los Angeles grew twice as fast as the Latino
population, and five times faster than the general population. Chinese Americans are the
largest Asian subgroup in Los Angeles, but South Asian Americans are the fastest growing
subgroup. Despite the high social standing of many Asian Americans in Los Angeles, there
are also many undocumented Asian immigrants (Sakaguchi et al. 2013). There have been
more environmental inequality studies conducted in Los Angeles than in our other areas, and
zones containing high concentrations of low income and minority people have been shown
to bear significantly greater environmental burdens than affluent and predominantly White
zones (Su et al. 2009; Marshall 2008; Pastor, Sadd, and Morello-Frosch 2004). An analysis
of the 35 square mile Los Angeles-Long Beach port complex included the Asian population
as a variable of interest; results indicated that parcels in block groups with higher
percentages of nearby Asian/Pacific Islander residents had greater exposure to vehicular fine
particulate matter (Houston, Li, and Wu 2014).

Finally, we selected Seattle-Tacoma-Bellevue, which is 11% Asian. This metro area ranks
just behind three other California metro areas. To increase geographic diversity in the
selection of our study areas, we bypassed those three areas for Seattle, since we already
selected two CA-based study communities. Seattle has a longstanding Asian American
population, as the first Chinese migrants settled in the area in the 1860s (Ong, Fujita, and
Chin 1977), about 10 years after they settled in California. The Chinese were followed by
Japanese and Filipinos (Nee and Sanders 1985). A few quantitative environmental inequality
studies have been conducted in Seattle. One identified social clusters and then related those
to industrial risks through time. The study found that even as Seattle deindustrialized,
minority and working class residents remained concentrated in the neighborhoods with
Seattle's worst industrial pollution risks (Abel and White 2011). A second study revealed
that lower levels of median household income and higher percentages of immigrants in
census tracts were associated with higher levels of traffic- associated pollution (Su et al.
2010).

The selection of these four metro areas allows us to develop comparative understanding of
relationships between Asian Americans and environmental health hazards while examining
29% of Asians in the US. Most EJ studies have not examined several metro areas, and have
instead reported results for one metro area or the US as a whole. The drawback to the
national approach is that context-specific explanations for findings in particular places
cannot be presented; with one city, those contextual understandings can be developed, but
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the focus on one place limits the potential for generalizability. With this paper, we seek out
some middle ground between the two approaches. The examination of four metro areas
allows us to draw inferences based on a comparison of findings across multiple contexts and
to situate plausible explanations for results based on contextual historical knowledge of the
study sites.

Dependent Variable: Exposure to carcinogenic HAPs

We used the US Environmental Protection Agency’s (EPA) 2011 National Air Toxics
Assessment (NATA) database, which was released in 2015 (Environmental Protection
Agency 2016a) to measure census tract-level lifetime cancer risk (LCR) exposure estimates
for all tracts in the four metro areas (see Figure 2). The NATA includes 180 specific
substances identified in the Clean Air Act Amendments of 1990 that are known to or
suspected of causing cancer and other serious health problems. Inputs on HAP emissions in
the NATA come from the 2011 National Emissions Inventory, the Mercury and Air Toxics
Rule (MATS) test data, the Toxics Release Inventory, and state, local and tribal agencies’
emissions inventories; a multi-step methodology is used to generate estimates of cancer risk
(Environmental Protection Agency 2016a). The 2011 NATA estimates potential cumulative
risks to public health from HAP exposure from mobile and stationary sources. These data
are commonly used in fine-scale studies of environmental inequality (e.g., Chakraborty et
al., 2014; Quach et al., 2014). LCR is a measure of the number of residents living in a
census tract that would be diagnosed with cancer due to continuous HAP exposure
throughout their life, per million residents, above and beyond the cancer rate for an
unexposed population.

Independent Variables: Sociodemographic Characteristics

We used the 2010 US Decennial Census to assess tract-level sociodemographic
characteristics, except in the case of median household income, which we drew from the
2012 American Community Survey (ACS) 5-year estimates. Descriptive statistics of all
analysis variables are included in Table 3.

Race/ethnicity was measured using six indicators: the proportions of census tract residents
identified as being Hispanic or Latino (any race), White non-Hispanic, Black non-Hispanic,
Pacific Islander/Native Hawaiian non-Hispanic, Multi-racial/Other non-Hispanic (which
includes American Indians), and Asian non-Hispanic. For these six indicators, the reference
category is proportion of residents that are non-Hispanic White. Because it is our focal
variable, the proportion of the population that is of Asian race is mapped in Figure 3.

We also examined specific racial categories within the Asian alone race variable (which map
to Asian ancestry groupings) to capture an important axis of Asian ethnic heterogeneity. We
created seven categories: Chinese, South Asian (i.e., Indian, Pakistani, Bangladeshi,
Nepalese and Sri Lankan), Filipino, Southeast Asian (i.e., Cambodian, Laotian, Hmong, and
Vietnamese), Korean, Japanese, and other Asians (which groups Bhutanese, Burmese, Thai,
Malaysian, Indonesian, Taiwanese and other (specified and non-specified) together due to
small counts). This measure includes all Asian Americans who reported one ancestry or no
specific Asian ancestry; those who reported more than one ancestry are excluded due to how
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the census collates these data, which counts individuals with multiple ancestries multiple
times. Using census tract 2010 population counts for those Asian categories as numerators
and the total 2010 tract population as the denominator, we constructed seven proportion
variables in each metro area. Note that these variables gauge racial/ethnic identity and
heritage rather than place of birth and are interpreted in reference to the proportion of non-
Hispanic Whites.

Apart from race/ethnicity, we also adjusted for socioeconomic status and crude population
density (i.e., 2010 population divided by the tract area in square kilometers). Socioeconomic
status was measured using median household income and the proportion of renter-occupied
housing units (Pastor, Morello-Frosch, and Sadd 2005; Chakraborty et al. 2014) . We also
included median income squared in the model because the relationship may be curvilinear
(Chakraborty et al. 2014; Pastor, Morello-Frosch, and Sadd 2005). Despite data reliability
issues with the ACS median income variable (Folch et al. 2016), it remains the best available
tract-level estimate of household income for use in this analysis. We considered median
household income estimates as reliable and incorporated them in our analysis if they had
coefficients of variation (calculated by dividing the error surrounding the estimate by the
median income estimate) that were >0.5 (Liévanos 2018). Tracts with coefficients of
variation for median income that were =5, less than 500 people, less than 200 households, or
missing data for any analysis or clustering variable (to be described below) were removed to
ensure that all variables were reliable. We removed 57 tracts in Honolulu (analysis n=187),
89 in the Bay Area (analysis n=1319), 182 in Los Angeles (analysis n=2748), and 16 in
Seattle (analysis n=709).

Analytical Procedures

We specified eight generalized estimating equations with robust covariance estimates
(GEEs), applying two models in each study site. GEEs extend the generalized linear model
to the analysis of clustered data, and they relax several assumptions of traditional regression
models, including normality of variable distribution (Liang and Zeger 1986; Zeger and
Liang 1986; Nelder and Wedderbum 1972). For more information, including equations, see
Zorn (2001). In order to fit a GEE, clusters of observations must be specified, wherein it is
assumed that observations within a cluster are correlated, while observations from different
clusters are independent. We defined clusters using 2012 ACS five-year estimates for
median year of housing construction (using the provided categories: “2000 or later”, “1990
to 19997, “1980 to 1989, “1970 to 1979”, “1960 to 1969, “1950 to 1959”, “1940 to 1949”,
and “1939 or earlier”) by 8 categories of median value of housing stock. We determined the
category breaks for value of housing stock by creating 8 equal groups of tracts for all four
metro areas combined, which were “under $265,550”, “$265,551 to 323,600, “$323,601 to
369,050”, “$369,051 to 431,100, “$431,101 to 520,250, “$520,251 to 625,000”,
“$625,001 to 804,200, and “$8,04201 through 1,000,000 or more”. This yielded 38 clusters
in Honolulu, 62 clusters in the Bay Area, 63 clusters in Los Angeles and 59 clusters in
Seattle. This cluster definition method was selected because it corresponds with spatial and
temporal dimensions of the built environment that are associated with the historical-
geographical formation of environmental injustice (Pulido 2000). GEEs require the
specification of an intracluster dependency correlation matrix (Liang and Zeger 1986; Zeger
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and Liang 1986). In this case, we specified the exchangeable correlation matrix, which
assumes constant intracluster dependency (i.e., compound symmetry), so that all the off-
diagonal elements of the correlation matrix are equal.

To select the best fitting models, we estimated a series of GEEs by varying the model
specifications. We tested normal, gamma and inverse Gaussian distributions with logarithmic
and identity link functions, which are appropriate options for our dependent variable, which
is positively-scaled, continuous, and non-normally distributed. An identity link function
means the relationships are predicted directly, while a logarithmic link function predicts
relationships based on a natural log function (Garson 2012). We present results from GEEs
with inverse Gaussian and logarithmic link function specifications for all four metro areas,
given that this was the best fitting specification based on quasi-likelihood under the
independence model criterion (QIC) values. The quasi-likelihood estimating equations have
the general form

0;4[.
/ -1
2( /M)u(ui) Ly; = 1B =0

i

where j= g1(x* ) is the link function with g=/og, the distribution of y;is inverse
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covariance of the GEE is given by
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and is assumed to be compound symmetric.

We began with Model 1, a traditional EJ model that includes the proportion of tract residents
in each racial/ethnic minority group, socioeconomic status, and population density Then, in
Model 2, we replaced proportion Asian with the seven Asian ancestry proportion variables.
We examined possible multicollinearity among the analysis variables,; based on variance
inflation factor, tolerance, and condition index criteria, inferences from the GEES are not
affected by multicollinearity. All independent variables were standardized before inclusion
in the GEEs.

Table 4 presents results for Model 1. Positive coefficients for the race/ethnicity variables
suggest increased LCR. The key finding is that proportion Asian was a positive and
significant (p<.05) predictor of LCR, controlling for the other covariates in Honolulu, Los
Angeles, the Bay Area, and Seattle. Proportion Hispanic was positive and significant in Los
Angeles and Seattle. Proportion Black was significant and positive in Los Angles.
Proportion Pacific Islander was negative and significant in Los Angeles and the Bay Area,
and positive and significant in Seattle. The findings for Multi-racial/Other were negative and
significant in Honolulu. Population density was positive and significant in all four study
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communities. Proportion renter-occupied housing units was positive in all sites and
significant in all except for Honolulu. In Seattle, the direct effect and quadratic term for
median household income were both significant. Overall, population density was the most
important predictor of LCR in these metro areas, as evidenced by that variable having the
largest effect size in three of the four metros, and the second largest effect size in the other
(Los Angeles).

Table 4 also reports the results for Model 2, which are also summarized in Table 5. South
Asian was negative and significant in Honolulu and Seattle. Chinese was positive and
significant in Honolulu and Los Angeles, but negative and significant in Seattle. Filipino was
positive and significant in Honolulu, Los Angeles and Seattle, but negative and significant in
the Bay Area. Japanese was positive and significant in the Bay Area and Seattle. Korean was
positive and significant in Los Angeles. Southeast Asian was positive and significant in the
Bay Area and Seattle, and negative and significant in Los Angeles. Other Asian was negative
and significant in the Bay Area. In terms of the race/ethnicity findings, they were the same

in significance and direction as Model 1 with the exception of proportion Pacific Islander,
which became non-significant in the Bay Area. In terms of the control variables, the
associations were the same in significance and direction as Model 1, except that income was
not significant in Honolulu.

DISCUSSION AND CONCLUSIONS

Environmental risks for Asian Americans

We found that Asian Americans were disproportionately burdened by cancer-causing air
pollutants relative to Whites in all four study areas, even when accounting for population
density and clustering, which aligns with H, and not Hy. H4 stated that Asian Americans
will experience similar environmental risks relative to Whites, while H, suggested that
Asian Americans will experience greater environmental risks than Whites. Associations in
these four Asian dominant metros align with findings from a national study (Grineski,
Collins, and Morales 2017). Counter to the racial income inequality thesis (Oakes,
Anderton, and Anderson 1996), results suggest that Asian Americans are not subject to the
same risk as Whites, even when accounting for household income, and that they live in more
carcinogenic neighborhood environments. The findings align more with the racial
discrimination thesis (Pais, Crowder, and Downey 2014), since the Asian American variable
was significant above and beyond the effects of income. It is worth noting that this is the first
quantitative environmental justice (EJ) study conducted in Honolulu, where Asian was our
only significant race finding, apart from ‘other’ race. While two previous studies’ findings
align with Hq, both examined relatively small Asian populations and different hazards than
we did here. Jones and colleagues (2014) examined residential PM5 5 and NOy
concentrations for 665 Chinese people living in Los Angeles and Chicago, while Crowder
and Downey (2010) studied proximity to industrial facilities and 130 Asian people scattered
across the US.

Based on extant research, Asian Americans have more often than not been shown to face
disproportionate risk to environmental hazards in the US relative to Whites, which dovetails
with our findings in support of H,. For example, Downey et al. (2008) demonstrated that
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Asian Americans were notably burdened in some US metro areas and a national-level study
found Asian Americans to be significantly exposed to residential carcinogenic hazardous air
pollutants (HAPSs) relative to Whites (Grineski, Collins, and Morales 2017). However, most
studies reporting marked inequities for Asian Americans have under-emphasized this in
terms of their discussion of findings and framing of study implications. And many other
studies, including some of our own, do not include an Asian variable. Apart from concerns
about small counts of Asian Americans in some study areas, one potential explanation for
this is that it is a discursive legacy of the deployment the “model minority” myth since the
1960s, when this label was first constructed to undermine arguments for race-specific
policies to promote the status of disadvantaged minorities (Vi et al. 2016; McGowan and
Lindgren 2006). A logical extension of accepting this discourse as fact is that experiences of
environmental injustice among Asian Americans are rendered inexplicable, since it is taken
for granted that Asian Americans share high status with Whites.

While population-level statistics have documented high levels of education and income
among Asian Americans, these numbers conceal the systemic racism that Asians have
experienced in the US over the past 150 years (Chou and Feagin 2015; Hartlep 2013; Fong
2008). Prevalent racism and discrimination against Asian Americans may be part of why we
did not find support for the racial income inequality thesis in this paper (H;). Whites have
valorized Asian Americans relative to Blacks on cultural and/or racial grounds in order to
dominate both groups (Kim 1999). As Xu and Lee (2013: 1364) report, “the American
public simultaneously lauds Asians as the ‘model minority’ and marginalizes them as
‘outsiders’.” This contradictory racial characterization is reflected across national statistics
showing the high socioeconomic status of Asians Americans in the US, racialized images of
Asian Americans as perpetual foreigners (Xu and Lee 2013), and possibly through the
inadequate attention paid to the environmental inequalities faced by Asian Americans.

Relatedly, it should be recognized that the EJ movement itself—and the attendant research
on environmental health disparities that the EJ movement spawned—is a political-racial
project connecting Civil Rights concerns about racial inequality to environmental conditions
(Pulido 1996). It should thus come as no surprise that the dominant framing of EJ in the US
has been one of low-income Blacks, and more recently Latinxs, facing environmental
injustices in their neighborhoods, with Whites being environmentally privileged. This
framing has meant that even when Asian Americans have mobilized against environmental
health risks in their communities (Leong 1995/1996; Sze 2004), their efforts have received
less attention by scholars and other EJ activists (Sze 2004). In cities across the US, Asian
American communities have mobilized against hazards in their communities, halting an
expansion at a Chevron refinery in Richmond, CA (Asian Pacific Environmental Network
2012); saving Boston’s Chinatown from demise (Leong 1995/1996); and contributing to
more just rebuilding efforts in New Orleans following Hurricane Katrina (Community-
Wealth 2017). While there have certainly been instances of Asian American EJ activism, the
lack of recognition appears to have contributed to an inattention to Asian Americans in EJ
research.

Popul Environ. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Grineski et al. Page 12

Clarifying intracategorical environmental inequalities

In addition to the finding that Asian Americans face significant lifetime cancer risks (LCR)
from HAPs in these four metro areas, we examined associations between Asian American
ancestry and LCR in each metro area and found differences, as suggested by Hs, which
stated that environmental risks for Asian Americans will vary based on ancestral origin with
Chinese, Japanese, Koreans and South Asians facing increased risk. Taking an
intracategorical lens (McCall 2005) to examine ancestry-based disparities improves upon a
traditional intercategorical approach to examine environmental injustices between racial/
ethnic groups. This lens is important since racial/ethnic groups are internally stratified based
on ancestry, language, nativity, citizenship, gender, and age (Collins et al. 2011). In drawing
attention to how some subgroups experience relative advantages or disadvantages, an
intracategorical approach clarifies how race/ethnicity intersects with other dimensions of
sociospatial inequality, in this case ancestry, to shape unequal environmental health risks.

Across the four metro areas, there were some similarities and differences with regards to the
risk profile of the ancestry groups (see Table 5). Korean ancestry was positively associated
with LCR in all four metro areas, but the coefficient was statistically significant only in Los
Angeles. Chinese ancestry was statistically significant and positive in Los Angeles and
Honolulu, positive in the Bay Area, and negatively and significantly related to LCR in
Seattle. Japanese ancestry was positively and significantly associated with LCR in the Bay
Area and Seattle, the coefficient was negative in Los Angeles and Honolulu. The South
Asian coefficient was negative and significant in Honolulu and Seattle, and positive in the
Bay Area and Los Angeles. The associations with LCR for Filipino and Southeast Asian
Americans were highly variable across the four metro areas, with coefficients being
significant in opposite directions between two or more metro areas. While the Filipino
coefficient is positive and significant in Honolulu, Los Angeles and Seattle, it is negative and
significant in the Bay Area. Associations between Southeast Asian and LCR are positive and
significant in Seattle and the Bay Area, positive in Honolulu, and negative and significant in
Los Angeles.

Korean Ancestry—Korean ancestry was positively associated with LCR across the four
metro areas (but statistically significant only in Los Angeles), aligning with Hs. These
positive associations relate to the economic pursuits of this group. Korean Americans have
tended to settle in poor, commercially underserved, central city neighborhoods, where they
operate small businesses (Lee 2000), as they have in South Central Los Angeles.
Entrepreneurship has contributed to their upward social mobility (Lee 2000; Kim 2014), but
our results suggest that it has come with an environmental health consequence of heightened
residential exposure to carcinogenic HAPs. Carcinogenic environmental risks for Korean
American women were also found statewide in California (Quach et al. 2014).

Chinese Ancestry—The Chinese coefficient was statistically significant and positive in
Los Angeles and Honolulu and positive in the Bay Area, as predicted by Hs. However,
Chinese ancestry was negatively and significantly related to LCR in Seattle. The findings
from Los Angeles, Honolulu, and the Bay Area conform to a general pattern of risk for
Chinese Americans found in a national study (Grineski, Collins, and Morales 2017). Their
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risk in these metro areas stems from their longstanding urban settlement, racism and
discrimination (Tsai 1986), and their continued desire to live near co-ethnics (Walton 2015).
Chinese immigrants are usually drawn to dense urban contexts (Zhou, Tseng, and Kim
2008). For example, in greater Los Angeles, where we found neighborhoods with high
concentrations of Chinese to be at significantly heightened risk, the historic Chinatown is
located within the City of Los Angeles, and a Chinese ‘ethnoburb’ extends northwest of it,
into the San Gabriel Valley (Nicolaides 2015). The San Gabriel Valley is just inside the
pollution-trapping mountains ringing Los Angles and thirty percent of its residents are
Chinese American (Lin and Robinson 2005).

Different from the other three metro areas, the protection of Chinese Americans in Seattle
from residential carcinogens might be due to the long history of Asian immigration. Chinese
were the first Asian group to migrate to Seattle, but Japanese immigrants came to reside
centrally and occupy jobs held by Chinese immigrants after 1880, when Chinese
immigration was restricted (Wierzbicki 1997). WWII provided opportunities for upward
economic mobility and residential dispersion for Chinese Americans, as Seattle’s Japanese
population was scapegoated. During the latter part of the 20" century, Chinese newcomers
moved to Seattle with high socioeconomic status and accumulated wealth and settled in
more peripheral parts of the city (Wierzbicki 1997).

Japanese Ancestry—In line with Hs, the Japanese American population experienced
disproportionate risk in the Bay Area and Seattle. In Los Angeles and Honolulu, the
Japanese American population is larger than it is in the Bay Area and Seattle (see Table 2),
but the Japanese coefficients were not significant (as was also the case in the national study,
see Grineski, Collins and Morales (2018)). The lack of risk disparities in those two metro
areas is likely related several historical features of the Japanese American experience in the
US. First, the Japanese American population is largely suburban (Lam 1986) and dispersed.
After internment during WWII, many Japanese people returned to Japan (Kitano and
Daniels 1995), and those who stayed in the US scattered and did not resettle in enclaves
(Daniels 2011). Second, the Japanese community in the US was historically involved in
agriculture (Nishi 1995). In Los Angeles, for example, there are concentrations of Japanese
American people in the formerly agricultural areas of Gardena and Torrance. Third,
Japanese companies have been sending their employees to work in Japanese-owned
businesses and offices located in the US, many of which are located in suburban areas
(White, Fong, and Cai 2003). Toyota, for example, was headquartered in the heavily
Japanese Torrance (Los Angles metro area) from 1982-2014.

In contrast to the other two metro areas, in Seattle, a large component of the Japanese
American population resides in the Chinatown-International District (C-1D), located
downtown, which includes Nihonmachi, Seattle’s historic Japantown. Since Chinese
immigration occurred early in Seattle, the federal law banning Chinese immigration in 1880
created residential options in the C-1D and employment opportunities for Japanese
immigrants until 1924 when their migration was also restricted (Wierzbicki 1997). In the six
decades that followed, Japanese immigrants were more entrepreneurially-oriented than the
Chinese (Taylor 1991) and more likely to live in the centrally-located Chinatown-
International District (C-ID). After the forced relocation of Japanese Americans during
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WWII, a large number of Japanese Americans moved out of Nihonmachi (Takami 1998), but
developed a housing and retail enclave closer the core of the C-ID (Abramson, Manzo, and
Hou 2006). Similarly, in the Bay Area, many Japanese Americans reside in the Japantown
districts and operate family-operated businesses (Sowell 1981; Bonacich and Modell 1980).
The two major Japanese enclaves in Northern California are located in the Bay area, central
San Francisco and central San Jose (Kiefer 1974).

South Asian Ancestry—The South Asian coefficient was negative and significant in
Honolulu and Seattle, suggesting this group faces reduced LCR relative to Whites. Many
South Asian immigrants, especially Indian immigrants, moved to the US with high levels of
education, professional training, or financial resources that are needed in knowledge-based
industries (Skop and Li 2005). According to a national report, 87% of South Asian
Americans are foreign-born and one- third are employed in science and engineering fields
(Pew Research Center 2016). Those attributes shape their settlement patterns. In fact, South
Asian Americans are more likely to be suburbanites than other racial or ethnic groups (Skop
and Li 2005; Logan 2001). In Seattle, most high-tech companies are located in suburban
areas. For example, Microsoft Corporation moved its headquarters to suburban Redmond in
1986, where it is now the largest employer (Microsoft 2016). Following those high-tech
companies, many South Asian professionals moved to the eastside of the Seattle metro area
(e.g., Redmond and Bellevue), which is far from the central city and less polluted.

Filipino Ancestry—While the Filipino coefficient is positive and significant in Honolulu,
Los Angeles and Seattle, it is negative and significant in the Bay Area. Filipino Americans’
overrepresentation in the health care sector and their historical ties to the US military have
influenced their settlement patterns in these four metro areas and in the US more generally
(McNamara and Batalova 2015). Filipinos have high rates of immigration to the US and the
majority of migrants are highly educated professionals (McNamara and Batalova 2015) who
speak English very well (Pew Research Center 2016). However, Filipinos have difficulty
finding jobs commensurate with their skills (White, Fong, and Cai 2003).

In Los Angeles, for example, where the Filipino coefficient was positive and significant,
Filipinos settled centrally when they first arrived in Los Angeles in the 1920s (Montoya
2009), and they continue to reside centrally, not far from Chinatown. In Seattle (where the
Filipino coefficient was also positive and significant), many Filipino Americans live in the
C-1D, among Japanese and Chinese neighbors (Abramson, Manzo, and Hou 2006).
However, in the Bay Area, where the coefficient was negative and significant, many Filipino
Americans settled in Daly City, which is just south of San Francisco in the Colma hills near
the coast. The area developed rapidly as an affordable housing market post-WW]I and is
home to a large hospital complex. Affordable housing in a costly market and jobs in the
health care sector likely attract Filipinos to this area. Today over one-third of the residents in
Daly City are Filipino and Daly City has the highest concentration of Filipinos of any mid-
sized city in North America (Vergara Jr. 2009). Residence outside of the traditional urban
core has protected Filipino Americans in the Bay Area from the highest levels of cancer
risks from HAPs.
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Southeast Asian Ancestry—The change in associations between LCR and the
Southeast Asian variable across the metro areas is perhaps our most surprising ancestry
finding. While the relationship was negative and significant in Los Angeles, the positive and
significant associations between Southeast Asian and residential cancer risk from HAPs in
Seattle and the Bay Area (and the positive relationship in Honolulu) likely relate to the status
of many Southeast Asians as poor refugees upon entry to the US (Rumbaut 2000). Refugees
tend to settle in more socially disadvantaged neighborhoods than voluntary migrants (Phillip
2010). Compared to other Asian Americans, Southeast Asian Americans are more likely to
be supported by government assistance programs, have minimum wage jobs, and work in the
informal economy (Gold and Kibria 1993; Rumbaut 2000). This was especially true of the
second wave of Vietnamese refugees arriving in the US between 1978-80 (Fong 2008).

Their socioeconomic marginality and reliance on government assistance may have led them
to highly polluted, central-city neighborhoods. In Seattle, where the coefficient was positive
and significant, the highest concentrations of Southeast Asian Americans are near the
downtowns of Seattle and Tacoma, and their concentrations are much lower in the suburban
portions of the metro area. In the Bay Area, where the coefficient was also positive and
significant, Southeast Asians are clustered on the east side of San Jose.

By contrast, in Los Angeles, where the coefficient was negative and significant, Southeast
Asian Americans (who are primarily Vietnamese) are concentrated in largely suburban
Orange County. The suburbs surrounding Los Angeles are just as ethnically diverse as the
those in the city proper and suburban Vietnamese people outnumber urban Vietnamese
people (Logan, Zhang, and Alba 2002). The city of Westminster (in Orange County) is the
center of overseas Vietnamese life, and it was settled by first wave refugees in 1975. Unlike
the second wave, the first wave included high ranking government and military workers who
were educated, urban elites (Fong 2008). What is now Little Saigon (located in Westminster
and Garden Grove) was a predominately White middle-class area with agricultural remnants
prior to the 1970s, when it experienced decline. The incoming Vietnamese people revitalized
the area by opening businesses in formerly White-owned storefronts. Being that the thriving
center of Vietnamese life in the Los Angeles metro area is in suburban Orange County and
not within the city limits of Los Angeles, this subgroup is relatively protected from cancer-
causing HAPs in a way that they are not in Seattle and the Bay Area.

Limitations and Implications

While calling attention to previously underemphasized environmental inequalities for Asian
Americans, this study was cross-sectional and conducted in four metro areas of the US West.
It is notable that we found these injustices even among a sample of liberal western US metro
areas with progressive environmental policies. Future studies could use a different approach
to selecting MSAs to capture a greater geographical spread, but would need to be cognizant
of selecting MSAs with enough Asian Americans to be feasible. While we took action to
mitigate data quality issues with ACS income data following CalEnviroScreen (Liévanos
2018), the fact remains that ACS income estimates are less reliable in lower income areas
and in the southern US (Folch et al. 2016). Our focus was not on the US South, but given
that our solution was to remove tracts with less reliable income estimates, we may have
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removed tracts from our study areas in a non-random manner (with the likelihood of removal
being greater for lower income tracts). Removing lower income tracts may have attenuated
patterns of environmental injustice uncovered in our analyses. The NATA LCR estimates
used are based on an additive model, but HAPs may operate synergistically. The NATA risk
estimates do not consider residents’ diurnal movements in and out of their tracts of residence
nor their length of residence. Future studies should employ measurement techniques that
take people’s daily movements into account and focus on different types of environmental
health risks than those studied here. Our focus was also solely on environmental harm;
future research should also examine environmental privilege, such as access to
environmental amenities.

The findings in this study, alongside results from other studies (Liévanos 2015; Clark,
Millet, and Marshall 2014; Cushing et al. 2015; Morello-Frosch and Jesdale 2006; Houston,
Li, and Wu 2014; Grineski, Collins, and Morales 2017), demonstrate that Asian Americans
experience environmental inequality in the US. Our results also underscore the importance
of taking an intracategorical approach by disaggregating this highly heterogeneous
population into relevant subgroups, as aggregation masks important within-group
inequalities. It is troubling that the environmental injustices burdening Asian Americans
have been less often named as such in academic or policy arenas, leaving fewer options for
them to be redressed. The environmental injustices experienced by Asian Americans
highlighted here, which have been de-emphasized in much prior research, should draw
attention to possibilities for other erasures within environmental health research and within
other sociological subfields. For example, same-sex couples were recently found to
experience serious environmental health disparities nationwide (Collins, Grineski, and
Morales 2017), yet had not been previously examined despite the public availability of data
to support such analyses. Health disparities for Asians unrelated to the ambient environment
may also be substantial (Ibaraki, Hall, and Sabin 2014; Huang et al. 2012), but they must be
thoroughly investigated by social scientists to be illuminated. To conclude, social scientists
must not allow hegemonic academic and popular ideologies to shape our research agendas to
the detriment of those whose experiences of inequalities we are obliged to name and
address.
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Figure 1.
Percent of Total Population in Each Asian Ancestry Category in the U.S. and Four Metro

Areas (2010)
Source: US Census 2010
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Figure2.

Total Cancer Risk from Hazardous Air Pollutants (2011) in Census Tracts in (a) Honolulu,
(b) the Bay Area, (c) Los Angeles, and (d) Seattle
Note: Tracts that were excluded due to missing data and small counts are not mapped.
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Figure 3.

Proportion Asian (2010) in Census Tracts (a) Honolulu, (b) the Bay Area, (c) Los Angeles,

and (d) Seattle

Note: Tracts that were excluded due to missing data and small counts are not mapped.
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Population Counts of Asian Ancestry Groups in the U.S. and Four Metro Areas

Table 2.

us Honolulu  Bay Area Arl;gc();es Seattle
South Asian 3,426,385 2,234 256,684 147,605 57,819
Chinese 3,137,061 50,833 549,805 416,042 74,180
Filipino 2,555,923 142,238 327,334 393,170 67,911
Japanese 763,325 149,701 64,578 134,563 27,128
Korean 1,423,784 22,179 70,186 304,198 52,113
Southeast Asian 2,218,860 11,094 204,180 316,240 80,388
Other Asian 788,765 5,424 62,977 116,639 20,919

Source: 2010 Decennial Census
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Table 5.

Summary of Ancestry Findings (based on Table 4, Model 2s)

Bay Los
Metro Area: Honolulu Area Angeles Seattle
South Asian =) + + )
Chinese (+) + (+) =)
Filipino +) =) (+) +)
Japanese - (+) - (+)
Korean + + (+) +
Southeast Asian  + +) -) *)
Other Asian + =) + +
Key:

(+) Greater proportion of this ancestry group relative to proportion White is associated with higher LCR (p<.05)

(=) Lower proportion of this ancestry group relative to proportion White is associated with higher LCR (p<.05)

+ Greater proportion of this ancestry group relative to proportion White is associated with higher LCR (£=.05)

- Lower proportion of this ancestry group relative to proportion White is associated with higher LCR (¢=.05)
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