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Abstract

Background: The health impacts of the rapid transition to the use of electric vehicles are largely
unexplored. We completed a scoping review to assess the state of the evidence on use of battery
electric and hybrid electric vehicles and health.

Methods: We conducted a literature search of MEDLINE, Embase, Global Health, CINAHL,
Scopus, and Environmental Science Collection databases for articles published January 1990 to
January 2024. We included articles if they presented observed or modeled data on the association
between battery electric or hybrid electric cars, trucks, or buses and health-related outcomes. We
abstracted data and summarized results.

Results: Out of 897 reviewed articles, 52 met our inclusion criteria. The majority of included
articles examined transitions to the use of electric vehicles (n=49, 94%), with fewer studies
examining hybrid electric vehicles (n=11, 21%) or plug-in hybrid electric vehicles (n=8, 15%).
The most common outcomes examined were premature death (n=41, 79%) and monetized health
outcomes such as medical expenditures (n=33, 63%). We identified only one observational study
on the impact of electric vehicles on health; all other studies reported modeled data. Almost every
study (n=51, 98%) reported some evidence of a positive health impact of transitioning to electric
or hybrid electric vehicles, although magnitudes of association varied. There was a paucity of
information on the environmental justice implications of vehicle transitions.

Conclusions: The results of the current literature on electric vehicles and health suggest an
overall positive health impact of transitioning to electric vehicles. Additional observational studies
would help expand our understanding of the real-world health effects of electric vehicles. Future
research focused on the environmental justice implications of vehicle fleet transitions could
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provide additional information about the extent to which the health benefits occur equitably across
populations.
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Introduction

Transportation-related air pollution is a major source of the emissions contributing to
climate change. In the United States, the transportation sector was responsible for 28% of
greenhouse gas emissions in 2021 (U.S. EPA, 2023b). To reduce these emissions, there

is currently widespread support for electrification of vehicle fleets. Replacing internal
combustion engine vehicles (ICEVSs) with electric vehicles, which lack tailpipe emissions,
has the potential to reduce transportation-related greenhouse gas emissions (Challa et al.,
2022). Hybrid electric vehicles, which have both an internal combustion engine and a
battery electric motor, can also produce fewer tailpipe emissions than standard ICEVs. The
support for vehicle electrification includes current investments in electric vehicle charging
infrastructure, programs to fund transitioning transit and school bus fleets, and consumer
rebate incentives. These programs and incentives encourage individuals to purchase electric
vehicles in lieu of ICEVs and motivate companies and municipalities to purchase electric
vehicles for their car, truck and bus fleets. As a result, vehicle fleet transitions are occurring
where fleets previously composed entirely of ICEVs now also include electric and hybrid
electric vehicles.

While the reduction in tailpipe emissions from transitioning to electric vehicles can reduce
greenhouse gas emissions, it also can benefit human health. Traffic-related air pollution

is a major cause of morbidity and mortality worldwide and impacts a wide range of

health outcomes such as respiratory health, cancer, and cardiovascular disease (HEI, 2022).
The total impact of the transition to electric vehicles on health is determined by more

than changes in tailpipe emissions alone. Factors like emissions from electric vehicle
battery production, electricity generation for electric vehicle charging and non-combustion
emissions due to tire and break wear, which can be higher from electric vehicles due to their
heavier weight, also contribute to the overall pollution associated with production and use
and subsequent health impact of electric vehicles.

A 2018 review by Requia and colleagues on electric vehicles identified only 6 papers
related to the health effects of electric vehicles (Requia et al., 2018b). A more recent
systematic review focusing on the equity impact of electric vehicles identified 8 articles
related to electric vehicles and health. However, they excluded papers that did not assess

the distribution of health effects (Sharma et al., 2023). To our knowledge, despite the active
research in this area, there has not been a recent comprehensive summary of the literature
on electric vehicles and health. Therefore, we conducted this scoping review to assess the
state of the evidence on use of battery electric and hybrid electric cars, trucks, and buses and
health, identify knowledge gaps on this topic, and summarize the current understanding of
related environmental justice implications.
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We conducted a literature search of MEDLINE, Embase, Global Health, CINAHL, Scopus,
and Environmental Science Collection databases for articles published between January 1,
1990 and January 9, 2024. Search criteria included terms related to health (i.e., asthma,
cardio, disease, health, heart disease, illness, lung, respiratory) and terms related to electric
and hybrid electric vehicles (i.e., bus, electric, electrification, hybrid, public transport,
transportation, trolly, vehicle). Full search criteria are listed in eTable 1.

We included peer-reviewed articles in the review if they presented observed or modeled

data on the association between battery electric or hybrid electric cars, trucks, or buses

and health-related outcomes. The primary reasons for article exclusion were that an article
was not related to health or the vehicle types of interest, did not present original research,

or was not conducted on humans. Our primary interest was the impact of electric vehicle
operation on health, so articles were excluded if they only assessed the impact of electric
vehicle manufacturing, charging, or recycling, but not operation. Articles were also excluded
if they did not define the health outcome of interest or did not quantify the isolated impact of
electric vehicle adoption alone (e.g., only assessed the impact as part of a set of concurrent
changes).

First, we screened the titles and abstracts of all search results. For any relevant abstracts, the
full article text was reviewed. The references of all included articles and identified review
articles were screened to identify additional articles meeting inclusion criteria. All authors
participated in article screening. For included articles, two authors (AP, MM) abstracted
data on study location, study timing, vehicle replacements of interest, emissions considered,
whether the study was a lifecycle assessment, health outcomes, and main findings. Articles
were separately screened to identify any results or discussion related to environmental
justice (AP). The methods of this review were guided by the PRISMA extension for scoping
reviews (PRISMA-ScR) (Tricco et al., 2018). This activity was reviewed by CDC and was
conducted consistent with applicable federal law and CDC policy.l

The searches identified 897 non-duplicate articles (Figure 1). Of these, 781 were excluded
after title and abstract review. The remaining 116 articles underwent full-text review. Of
these, 52 met the inclusion criteria. The primary reasons for exclusion of 64 articles after
full-text review were that an article was not related to electric or hybrid electric vehicles
(n=9, 14%), no health outcome was examined (n=25, 39%), and the article did not present
data from an original research study (n=15, 23%).

Studies were conducted in 20 different countries (Table 1); the countries with the most
studies were the United States (n=15, 29%), China (n=10, 19%), and Canada (n=5, 10%).
The majority of articles examined the replacement of ICEVs with electric vehicles (n=49,
94%) with fewer studies examining replacement with hybrid electric vehicles (n=11, 21%)

Isee e.g., 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. 83501 et seq.

Environ Res. Author manuscript; available in PMC 2025 June 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pennington et al.

Page 4

or plug-in hybrid electric vehicles (n=8, 15%). Only 11 studies (21%) included buses as one
of the vehicle types examined. The most common outcome examined was premature death
(n=41, 79%). There were also 33 studies (63%) that examined monetized health outcomes,
such as medical expenditures, or monetized mortality, which was calculated using the value
of statistical life. Other outcomes examined included disability adjusted life years (DALYS),
cardiovascular and respiratory outcomes, and lost days of work and school (n=21, 40%).
Nearly half of the studies (n=24, 46%) accounted for emissions from electricity generation
for vehicle charging and 19 percent of the studies (n=10) were lifecycle analyses that
accounted for factors such as vehicle production, maintenance, and recycling.

We identified only one observational study that measured changes in health associated with
the transition to electric or hybrid electric vehicles. The study, conducted by Garcia and
colleagues, assessed the relationship between zero-emission vehicle adoption (i.e., electric
vehicle, plug-in hybrid electric vehicle, and hydrogen fuel cell vehicle) at the zip code level
in California and changes in asthma emergency department visits (Garcia et al., 2023). They
observed that an increase of 20 zero-emission vehicles per 1,000 residents was associated
with a 3.2% decrease (95% ClI: —5.4%, —0.9%) in the age-adjusted rate of asthma emergency
department visits per year when adjusting for education, year, and zip code.

All other included articles modeled what changes in health might occur with vehicle
electrification in the future or what might have occurred if these transitions had occurred

in the past. Generally, studies first described the intervention and health outcome of interest.
For example, how many deaths would be prevented if 100% of passenger cars in a region
were replaced with electric vehicles. Next, they quantified changes in emissions (e.g.,

from tailpipes, tire and break wear, electricity generation for vehicle charging) that would
occur from these changes. Lastly, using the estimated changes in emissions they employed
previously published concentration response functions to quantify prevented cases of the
health outcome of interest attributable to these changes. There was great variation between
studies in all study attributes, such as in the size of the region considered (ranging from

a part of a city to a whole country), the number of emissions factors considered (ranging
from a single tailpipe pollutant to a lifecycle analysis quantifying changes in emissions from
across a vehicle’s lifespan), and the models used for estimation.

Almost every study observed some evidence of a positive health impact of transitioning to
electric or hybrid electric vehicles (Table 1). The studies that estimated the largest impact
of electric vehicles on health estimated effects across large geographic areas. For example,
Liang and colleagues considered several scenarios, the one with the largest impact estimated
that 52% electrification of private passenger vehicles in China would prevent 25,459 (95%
Cl: 15,664, 32,210) premature deaths in 2030 (Liang et al., 2019). At the other end the
spectrum, studies restricted to a single city, region, or part of a city estimated results with
much smaller magnitudes. For example, in the United States, Filigrana and colleagues
estimated that in 2035 in Seattle, Washington, 35% electrification of gasoline powered
passenger cars and light duty trucks would prevent 11 deaths (95% CI: 0, 22) in individuals
aged =15 years and 11 incident asthma cases (95% ClI: 4, 16) in children aged <14 years
(Filigrana et al., 2022). The most notable exception to generally positive impacts of electric
vehicles on health was a study conducted by Ji and colleagues (Ji et al., 2012). The study
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found that, in the majority of 34 Chinese cities examined, transitioning to electric vehicles
would lead to more deaths than gasoline cars due to larger emissions from coal used to
generate electricity for vehicle charging.

A common theme of results across many studies was that impacts varied across regions or
cities. This variability was due to factors such as baseline rates of morbidity and mortality,
population density, and type and location of electricity generation operations. Of these,

5 studies estimated that mortality impacts could increase in some areas under certain
modeling assumptions while they would decrease in other areas (Fang et al., 2023; Gai

et al., 2020; Hata and Tonokura, 2019; Mousavinezhad et al., 2024; Segersson et al., 2021).
The hypothesized cause of these increases included an increase in emissions from electricity
generation, an increase in ozone concentrations due to reductions in nitrogen oxides titration
because of decreased emissions, and increases in emissions from traffic wear due to the
increased weight of electric vehicles.

While the uneven distribution of benefits of electric vehicle transitions suggests that not all
populations will benefit equally from these changes, only a handful of studies quantified
environmental justice implications. One study that addressed environmental justice directly
was conducted by Gai and colleagues in the greater Toronto and Hamilton area of Canada
(Gai et al., 2020). They observed that reductions in premature death associated with
transitioning to electric vehicles were larger in areas with lower incomes than in areas with
higher incomes because neighborhoods with lower access to resources were more likely to
be located near major roads and thus more impacted by reductions in tailpipe emissions.
Minet and colleagues mentioned a similar finding that reductions in tailpipe emissions were
primarily near busy roads that often cross through areas with lower socioeconomic status in
a study conducted in the same metropolitan area (Minet et al., 2021). A study by Camilleri
and colleagues found that mortality benefits of heavy duty vehicle electrification differed
depending on the racial/ethnic composition of neighborhoods in Chicago; communities with
a high proportion of Black residents in some regions benefitted most. Differences by race
and ethnicity were due to heterogenous reductions in air pollution and underlying mortality
rates across areas (Camilleri et al., 2023). Two studies conducted in China observed that
the health benefits of electric vehicle transitions were greatest among older adults in some
scenarios (Lu et al., 2022; Zhu et al., 2023). The only included observational study assessed
trends in vehicle adoption and observed that in California zero-emission vehicle adoption
during 2013-2019 was lower in zip codes with lower educational attainment (Garcia et al.,
2023).

Some studies mentioned issues related to the transfer of pollution from urban areas with

a high population density to non-urban less populated areas as a decrease in tailpipe
emissions from vehicles was offset by an increase in power plant emissions used to create
electricity for electric vehicle charging (Choma et al., 2020; Ji et al., 2012; Liang et al.,
2019; Moglia et al., 2022). Ji and colleagues discussed that this shift in emissions could
potentially increase emissions in lower income rural areas (Ji et al., 2012). Additionally,
several articles noted awareness of the environmental justice implications of transitioning to
electric vehicles and noted that while they lacked the data to address this topic, future studies
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on the issue were needed (Filigrana et al., 2022; Maizlish et al., 2022; Peters et al., 2020;
Tobollik et al., 2016).

Discussion

The results of the current literature on electric vehicles and health suggest an overall positive
health impact of transitioning to electric vehicles. Our findings support the conclusions
described by Requia and colleagues by providing additional evidence that clean electricity
generation can increase the benefits of transitioning to electric vehicles and that the shift of
air pollution from urban centers to rural areas where electricity generation occurs can lead
to differential health impacts (Requia et al., 2018b). Our findings, based on a larger number
of studies (52 versus 6), also extend those findings by reviewing recent studies conducted in
a diverse range of study locations and by highlighting the results of additional studies that
have addressed environmental justice.

The strength of the current literature on electric vehicles and health is the breadth of

the studies on this topic. Taken together, the studies were conducted in 20 countries and
examined a wide range of interventions related to electric and hybrid electric vehicles.
They also examine a wide range of different emissions related to electric vehicles, such

as different air pollutants, emissions from electricity generation, and non-tailpipe emissions
from tire, break, and road wear. While the results of any individual study are affected by

a range of study limitations, as a whole, this body of literature provides evidence of how
transitions to electric vehicles can impact health.

What the current literature does not provide is robust data quantifying the observed health
impact of transitions to electric vehicles. We only identified one observational study on the
health impact of electric vehicles (Garcia et al., 2023). Outside the scope of this review,

but related to this topic, two additional observational studies have been completed on clean
diesel vehicles and health outcomes (Adar et al., 2015; Beatty and Shimshack, 2011).

Both studies observed some evidence of an association between adoption of clean diesel
technology and positive health outcomes. The current rapid transitioning of vehicle fleets to
electric vehicles provides a unique opportunity to conduct natural experiments to quantify
the health impacts of electric vehicles. Given the many factors that can impact the true health
effect of electric vehicles in a region, observational data could be a valuable supplement to
the current modeling data on this topic. For example, for a school district deciding whether
to invest in electric school buses, the availability of data showing how asthma exacerbations
or school absenteeism changed in another area after making a similar transition could be
useful to guide decision making.

Few studies on electric vehicles and health mention the environmental justice implications of
vehicle fleet transitions and even fewer studies included data detailed enough to assess these
implications. The included articles that did examine differences in health impacts by income,
gender, race, ethnicity, or age found that health impacts varied by these factors (Camilleri

et al., 2023; Gai et al., 2020; Lu et al., 2022; Minet et al., 2021; Zhu et al., 2023). Given

the differences in the health impacts of electric vehicles by region, it seems likely that the
environmental justice impacts will also vary by region dependent on local factors such as the
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geographic distribution of populations and electricity generation sources. This is supported
by the findings of a 2015 study by Ji and colleagues focused on electric vehicle-related
emissions across 34 cities in China (Ji et al., 2015). It found that the majority of inhalation
of emissions related to electric vehicles were in rural communities with lower incomes,

but that environmental justice impacts varied greatly across cities. A recent review by
Sharma and colleagues discussed the analytic challenges of assessing the impact of electric
vehicle transitions on equity (Sharma et al., 2023). Future studies on electric vehicles and
health would benefit from an environmental justice focus to help ensure that these vehicle
transitions are not exacerbating existing environmental and health inequities.

In addition to the lack of observational studies on electric vehicles and health, and lack of
assessment of environmental justice, the current literature is limited based on the vehicle
types and health outcomes studied. The majority of articles are focused on passenger

cars, with less information available on transit and school buses. Given the large-scale

bus transitioning currently happening, such as through the U.S. Environmental Protection
Agency’s $5 billion over 5 years (fiscal year 2022-2026) Clean School Bus Program (U.S.
EPA, 2023a), information on health impacts of the ongoing transition to electric buses is
needed. The health outcomes examined in current studies were limited with the majority
focusing on death and monetized outcomes. Less information was available on respiratory
health outcomes where we may expect to see an even larger impact, and outcomes such as
school absenteeism.

For this review, we used a methodological search and review process to identify relevant
studies. Despite the strengths of our review process, readers should interpret the findings of
our review with several potential limitations in mind. First, while we identified and screened
over 800 publications, studies that assessed health as a secondary outcome may not have
been picked up by our review if they reported, for example, lifecycle, economic, or policy
analyses that focused primarily on non-health outcomes. Second, because we only included
peer-reviewed publications, publication bias may have impacted our findings. Third, we did
not complete a systematic review of study quality given the variability in study methodology
and modeling approaches used. However, one important factor to consider when interpreting
the results of the included studies is the range of limitations of studies that projected

future health impacts compared with those of studies that calculated past health impacts.
Studies that projected future impacts had to make additional assumptions about future fuel
economy, traffic patterns, and electricity generation that may make them more prone to
miscalculations.

This review focused on the health effects of electric vehicle operation primarily due to
inhalation of air pollution with some studies also assessing the impact of noise. Surprisingly,
none of the studies we reviewed evaluated increases in roadway injuries and deaths due

to the increased weight of electric vehicles (National Transportation Safety Board, 2023).
This impact could be substantial given that one estimate found electric cars to be 24%
heavier than their ICEV counterparts (Timmers and Achten, 2016); this weight disparity

can be even larger for trucks and sport utility vehicles. Although some of the included
studies quantified lifecycle factors such as electric vehicle manufacturing or recycling,

we excluded studies that did not include electric vehicle operation as one of the factors
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they considered. No studies looked at potential injuries due to fires from electric vehicle’s
lithium-ion batteries, for example after damage by flooding or severe weather (National Fire
Protection Association, 2022). Of particular importance is occupational safety in battery
manufacturing plants, refineries of nickel and other raw materials for battery production,
and in battery recycling centers. In addition to occupational safety concerns, are the
environmental impacts, and subsequent health impacts, related to battery production and
recycling. These environmental impacts include emissions from battery manufacturing and
energy use and environmental degradation from mining of minerals. Additional information
about these impacts would allow us to estimate the impact of electric vehicles on health
more comprehensively. These environmental impacts occur in different geographic locations
than in locations of the currently completed health studies and are often ignored.

Electric vehicles are changing the landscape of traffic-related air pollution and its resulting
health effects. As vehicle fleets continue to transition, data on the health impact of electric
vehicles can be used to determine equitability and inform local, state, territorial, and national
decision-making. The complexity of factors that determines health effects suggest that
observational data on this topic could be valuable to augment the current knowledge gained
from modeling data.
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Additional records
identified through
other sources (e.g.,
screening of article
bibliographies) (n=52)

v
Non-duplicate records (n=897)

!

Title and abstract screened (n=897)

Y

!

Records excluded (n=781)

Full-text articles screened for eligibility (n=116) [—>

!

Articles included in the review (n=52)

Figure 1.
Flow chart of study selection for scoping review

Full-text articles excluded (n=64)
Not related to electric or hybrid electric
vehicles: 9
No health outcome: 25
Not an original research study: 15
Other: 15

Environ Res. Author manuscript; available in PMC 2025 June 15.




Page 13

Pennington et al.

“9]1W/SIU8D

9°9 0} PAZ11BUOW $[1W 000'0T/SY¥EdP _0T x G9 8I8M SYSIN 19M0d "SOOA  (suonejnofes ajiw SeTelS palun
€G a3 Ul S1yauaq ueaw pajyblam-pajane.) sajill 3|01YsA ‘®HN XON Jad) (sxonu) pue ‘(SYSIN) Seale
"A19 Ag patten sapniubew ‘seale uelijodosaw Aenow 0SSN SIed) SATDI Ainp uenjodonaw (0z02)
|[e U1 suonoanpal AJjeniow 0} pes| 0} pajewlsa SAJ o paznsuow ‘AjfenolN  Arewnd :adidjiel -yb1| Jabuassed A3 1102 able| € ‘[e 38 BWOYD
mm‘_:a_tcwaxw [edIpaw ul uenA giANle uol||iq L6G'8 SoAeS e §
SYleap TEE'G SIUANAId sain)ipuadxa e (9%00T)
'SATHd UM SATD] [euosiad Jo 1831 L00T J0 Juawade|dey [eapaw ‘AeHoN - OYNd SCUNd 'O SATDI [euosiad AJHd L002 euIyD  (¥T0Z) '[e 10 Udyd
'$32N0S 98.14-UOISSILI WO}
sem Buifiseyd a]91yan 1o} A)1911199]8 UBYM pasealdul CON pue
SN Ul suononpal Jo 11yauaq Aseauow ay | uonisodwod
21UY18/[eIJRI UOITRI0| AQ PaIaIp OS|e UOITRDILLII3[d S]91UdA
10 S)IJ8UaQ ‘S|9pOW BWIOS U] "S}IkJ] SNSUI pue Alunod Agq
paJayip Aljeliow Uo UOITedI§1193]3 3J91yan 40 1oedwi ay |
€0 u1 sabueyd 03 anp sefiewep yieay ui uol|jiq '0$
[euUOnIPPE Ue pue syzeap [euonippe (OTT ‘0F 11D %S6) 05
SN ul sabueyd 01 anp sabewep yieay ui papione
uol||1g 9'0$ pue syreap pajuanaid (OTT ‘02 1D %S56) 0L  * uolyesaush
CON u1 sabueyd 03 anp sabewep Yijeay ui paplone Anornose
uol||iq £'$ pue syyeap pajusnaid (006 ‘0ST ‘10 %G6) 065 « ‘suolssiws
‘Alrenuue syoeduir yyesy Isneyxa-uou (960€) s8|a1yan SeleIS panun (ez02)
‘Ul pa¥INsal 193]} 9191UAA 8U3 JO 9%(E O UONBILIIII8|T paznsuow ‘ANeLON €0 ‘SCNd “CON Ainp-AnesH A3 6T02-STOC ‘obearyd ‘e 18 L9|jiweD
SENd Ul sabueyd o) anp suyreap Jamay (vT 'S 110 %S6) 6
OTIN i saBueyo o) anp syreap Jama) (2T '€ 110 %G6) 8«
€0 ur sabueyo o) anp syyeap [euoppe (€ ‘T 110 %S6) ¢
‘ON
ul safbueyo 0} anp suyeap Jamay (v2¢ '8 10 %G6) 6.1
‘Ul PaYNSal UOITeIIS1I108]3 B19IYBA %05 suolssiwe
1SNeyxa
ON u1 sabueyd 0} anp syyesp Jomay (TOT ‘TE 110 %S6) G9  » -Uou ¢ ‘OTd (%02 ureds (e202)
{UI pa)INsaJ UOITedIFIIIBId BJI1YBA %02 Anenony ‘SCNd CON —9%0T) SA3OI N3 8102 ‘BIOUBJEA ‘[e 18 pnAejejed
suonezijendsoy pue
S1S0J paploAe uol|[iw gge$—uol||iw £L'8T$ ASN  » Ayepow paznsuouw
suonrezijendsoy Alojelidsal 80g8‘z—/ET pue ‘suorrezijeydsoy ‘(A1oreaidsal ‘1aoued
139ued Bunj| zg—v ‘suonezifendsoy AdOD ere-LT Bun| ‘adoo)
SYIeap Jejnasenolpled 9g/—0v suonezifeydsoy
pue ‘syreap Aiorelidsal 00T—G ‘syreap asned-|je 0/ T—L9 o ‘(Jejnasenolples
Jusnald ‘A1orendsal ‘asneo (9%600T)
pInom sasnq 21439313 YHM 193}4 snq a11gnd ayy Buroejday -11e) AurenoN TN 19914 snq d1jand A3 0202 elpul ‘lyied  (2zoe) e e jeug
(Juewssasse
m_o\ﬂumt_n*v (eBejusosod (A1snpui
paepsu0d 193]} Jo Buioe|de. w04} Butpuny
sjueln|jod Joyio abejuso jod) adAL TeaA penR®.I=))
sBuipuy ure N 3Wwo0INO YieeH pue suokssiwg Buioe|dey SPIYA  UoIreWIST UoI7e007] Apnis

Author Manuscript

‘TalqeL

Author Manuscript

U1Jeay pue S8|91yaA 914198]8 UO S3[O1LIe PapNjoul JO SoNsiIgoeRy)D

Author Manuscript

Author Manuscript

PMC 2025 June 15.

in

available

Environ Res. Author manuscript



Page 14

Pennington et al.

1D 9%G6) €TT'Z uanald |jim uonensuad A3 ‘uolreiauab

A)1911198]9 8]0BMBUSI Ul 9SB310U1 3} 40 BUUNODY o (9%00T)
"6T0Z3 UOI[1W 098'GZ JO AN[EMIOL YIIM PajeIoosse uoneauab (SA3H 1d00xa)
sBUIAES 1500 B Se Pajewunsa i YdIyM ‘syreap ainjewald Aarnoaye sseo Jabuassed
(£09'9 '62€'9 ‘1D %S6) L9¥'9 Juanald |1m uonensuad A Anferow pazieuow €0 '%'Nd  pasamod autjoseB (Tz02)
‘uonesaush A1011393]9 Ul sabueyd 1oy Bununoade 10N ‘Ureap ainjewaid ‘ST “CON pue [9sa1q A3 0£02 ureds ‘e 19 ellewes)
SOLIeUdS seb [einyeu
Ul Sea.e aWos 10) PaewIsa AJIjeLIOW Ul Sasealoul [JewsS
oLIeusds uo Buipuadap Jeak Jad QwO$9T0Z
uol||1q 8°$ O} Uol||1W £8% wiouy pabues siyauaq yieaH o
Jeak Jad
syreap ainjewaid TEE—89T Siuanald $32IN0S 3|qeMaual WOy (sorreuaos
SAJ 1oy ABiaua [euoippe || yum uonejausd A3 %00T o uonessusb sef
J1eak Jad syreap anjewsid T9z—zET Siuanaid seb [einyeu woy sieak Gzz pabe .b_o_:om_w [eanyeu Joy epeued
SA3 40y ABIaua [euoippe | yum uonejausad A3 %00T o s|enpiAlpul Buowe suoissiws (%001 AJuo syonn ‘eale uoy|IweH
Jeak Jad syreap ainrewsaid G-/ siuanaid seb [einjeu woly Alifenow pezneuow  ISNBYXS-UOU ZOS  ‘gpG7) SyIn. pue JaBuassed pue ojuoioL
SA3 Jo} ABiaua [euonippe |[e yum uonenauad AJ %Gz e ‘Ureap ainjewaid €0 “CON ‘S°INd sled Jabuassed  91419918) A3 — 1918319 (0202) ‘e 18 1D
(9%00T) puejrey L (T202)
S9SNQ [9S3IP "SA I111989[8 UIM SATVQ Ul 9583198 %S ATva  Siowes 8jahoayll, sesnq [esald A3 — “joxbueg ‘e 18 [oLgeD
"GE0Z Ul s1eak 4TS pabe usip|iyd 000'56 80uapIoul BuIyIse (%G€) sfon
parewnsa ayy ul Jeak 1ad (9T ‘v 11D %S6) Sased ewyise ‘(Areuowndoip.es Anp b1 pue
JUapIoUI TT PUB GEOZ Ul SJeak GT= pabe sfenpiAipul 000°T69 ‘1e|naseAOIp.Ied) s1ed Jabuassed saleIS (zz02)
parewnse ayy ut Jeak 1ad (2z ‘0 10 %G6) Suesp TT Siuanald Anenony CON ‘S%Nd  patamod autjose A3 GEOZ  pawuun ‘apyess ‘|e 18 euelbi|i4
'suoifial awos
Ul Alljepow pue AJpIQIOW Ul 3Sealoul Ue YJIM paleloosse 9041 pue 43oued
SeMm UOIBIIJ1LI10313 3J21YaA ‘uoiBal Aq paliea sioedw| Bun) ‘aseasip Leay
21WaYISI ‘UOIIBUI
S1Jauaq Yfeay ul uolj|ig £'¥$ ASN anes  « 104} Alojesidsal Jamo|
ABojouydal uoiressush A1o1119318 panoidwi Joy Bununodoe ‘ad0? 4o syoedwl
UBYM SU1esp /9T'E pue SaIlpIqIoW 66G'8E9 Wuanald  » a[esy pazijsuow uoneJauab (%00T) s8[o1yeA Bulyd
10} PaleWIISa SeM UOIIRDIS1I109]9 3|91Y3A ‘Aipigiow ‘AlferoN  ANo193)9 ‘SNd Jabuassed A3 8102 ‘ssouinold 1€ (£202) 'Ie 10 Buey
*(pasn Jua191Y4209 Ysi ‘Jueinjjod
“B9) suols1oap Buljapow pue abeiusalad Juswade|dal ajo1ysA
UO paseq palieA s)jnsay ‘padde] ano sjeAlsiul 80UaPIIUOD
‘1anamoy ‘ejep /T0g 01 pasedwod Ajijerow Alojedidsal (A1ojedidsal (%08 ‘%05
pue ‘Ie[NJSEAOIPJIRI ‘[B10) 8SB3Id8p 0} PAleWwIsa SAJ YIm ‘1e|NJSeAOIpJRD ‘0602) S9J2I1YaA snudAD (z202)
s3]01yan Jabuassed JO 9408 10 9%0S ‘%0z Buloejday ‘[e103) AijeLION SN XON Jabuassed A3 0£02 ‘eISOIN ‘[e 18 noLBWaQ
(seoe
Aq %00t ‘0£02
dg9 uol||iq 6'28 Aq 9%0. ‘G202
pue s1eaA 41| uoljjiw '€ Jo ureb pajaalold e yum pajeroosse 1oedwi yifesy uonessusb  Aq o4Ge) SooIyeA wophury (£202)
SEM UOI1eII411393]3 B]21USA Ul 8Sea1oUl [BIUSWAIOUL BY | paziauow ‘Ayjelo Ao1nosle XoN Jabuassed A3 Ge02 pauun ‘e 18 uewleaq
XON “0S “?Nd
Arewnd :jueld
(uswissasse
aphBil=, ) (ebejua0 od (Ramsnpul
paJepisuod 38|} Jo Buioe|de. wo.} Buipuny
siuen|od Joyio abeiusood) adAL T penR®.=))
sBulpuij ure aWo2INO YifeoH pue suoissiwg Bue|dey 9PIPA  uollew sy uo11e20] Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2025 June 15.

in

available

Environ Res. Author manuscript



Page 15

Pennington et al.

‘suoezijendsoy Aorendsal (9T ‘65 110 %G6) LLT ‘Syresp

(69 ‘€Z 112 %G6) 91 usAaid 01 patewnss €0 Ul esesldsq e
‘Suyauaq Yijeay ui Jeak Jad gsn uoljjiw

‘Areuowndoipied
‘190ued Bun ‘)
Aupeuow ‘sujausq

s|josoJae SN g

(%602)

0IX3N (TT02)

GG$ Sanes 193]} Jed 81eAlld JO 9507 JO UOIRZIPLGAH )eay ArelsuolN Arepuogas ‘€0 199} Jed aleAlLld ATH 9202 ‘A1) 091X ‘[e 18 Yd1Aa|10Zer
‘syreap
ainrewsaud Jo Jaquinu 1sarealh ayy Juanaid 0] parewnss Jamod 6
JR|0S PaTRIIUAIUOD PUB PUIM WOL) Uoleiaush A11o109|g  « £ co_ﬁacmm
"abeJ0)s pue ai1njded UOQIED YIIM [B0J JO Je3jINU ‘BABM H0L198|8 mmmmm
‘[epn 011398180pAY ‘ewuayloab ‘Jamod Jejos paresusduod asnoyussl (9%00T)
.mo_ﬂ_o>8m;n Jejos ‘puim Aq paresausb si b_u_%om_m il 05" MM%M%E:M mm_o_cmm mae
syleap aunjewaid 0OT'8-086''T Parewnss ue Juanaid pjnom 1551 -uo auijoseb Ainp
SAT UM S3J014aA aUI|oseb Peol-uo Jo 9%00T Buloeidey Uleap aInjewald BIK9BYIL,  Aneay pue -ybI A3 0Z0z  sawIspauun  (600Z) Uosqoder
‘uolyesaush
ABJaua Jaues]d 1oy Bunoaloid usaym pue ‘SAT yum sAJD] 4o
%t/ Buioejdal ‘saouinoid ssoloe uondope A3 snosuabowoy
Buijapow uaym palewnss osfe Aljelow Ul suonanpay e
"patien sapniubew ‘aouinold A1ans 10y parewnsa susiA Q3 Aloresidsal
‘sBuines 1500 Juanbasgns pue ‘Alijeow Ul SUORONPaY o ‘syjoene ewylse
‘SHSIA Q3 AJoyesidsal 9/ € pue ‘syoene euwyise 'SIIYIU0IQ DIUOIYD uoneIaUah
606'S ‘SHIY2UOIQ 21UOIYD JO Sased £/9'E ‘suolezijendsoy ‘uonrezifendsoy £ N
Je[naseAolpIed gOE'T ‘suoieziendsoy Alorelidsal 62z'2 Aiorenidsalolpied <z :u._bom_o o
‘supeap ainjewaid (209'9T ‘v.v'¥T (10 %S6) vEG'ST enaid ‘Ureap ainyewaud INid SUOISSILUE (b2 BUIYD (ce02)
111M OE0Z Ul SAT UM SATDI JO 9%/€ Burdeidey  « ‘AN[epow paznsuoN 2863__* ‘%L€) SAFOI N3 0€02 ‘sgoutnoid 67 ‘[e 18 YsisH
9411 JO
SS0| pue ‘ajl| 40 Ajjenb
'S)S09 a.Jeay}eay
“resA Jad ‘AiAnonpoud 1so) epeue) (6102)
AV 0T'6TC$ 848 A U0 JO SHyausq paje|al-yiesy [e10) sy L 10 Wns pazisuo SA3DI €| — ‘ojuolol ‘[e 18 8snoH
‘uolzeI} XON Ul 9S88193p B 0} aNp 8IaM
SeaJe UegJn awos 4o} AJI[eLIOW Ul S8Sealoul patewnsa ayl e
‘uoiBa. uo Buipuadap ‘sypuow Jawiwins ui ayed Ajierow ayy
ur abuByd 941T°0 03 %60°0- B Ul }INS3I PINOM SATH UHM (%00T)
$3191Yan AInp-Aneay pue sajolyan Jabusssed Buioe|day sa|21ysA Ainp
‘uoiBaJ uo Buipuadap ‘syjuow -Aneay ‘sa]o1yan
JawiwNS Ul ared Alljerow ay3 ul abueyd 94£0°0 01 %T0°0- © ael Jabuassed ueder
Ul 3InsaJ pjnom SAH Ylim sajo1yan Jabuassed Buioeiday Alerow ainjewald €0  pasamod auljose ATH €102 ‘uoifas ouey  (6TOZ) ‘|e 10 BleH
(uonenajes
Ul S391YaA
'ap0d diz 1192 13Ny
pue ‘1eak ‘uoneanpa 1oy Bunsnipe usym Jeak sad sysin g3 uaboipAy
BwIyISe Jo ajes pajsnipe-abie sy ul aseatd8p (%6°0- ‘%b'G— papnjoul
{10 %G6) %2'E © YNM pajeroosse sem apod diz e uj sjuapisal S3OIYaA osfe)  6T0Z-€T0C SaleIS paun (e202)
000'T 4ad S3]91YaA UOISSIWS-019Z (g 40 asealoul Uy SUSIA 03 eWYISY Ainp 14617 AJHd ‘A3 panIasqo ‘elulogied ‘e 19 B10JeD)
"6T0Z3 UoI|[1W '8Z J0 Alferiow ynm pajeroosse sbuines
1509 © Se parewnsa si yaiym ‘syreap ainjewsaid (99z°/ ‘€969
(uswissasse
aphBil=, ) (ebejua0 od (Ramsnpul
paJepisuod 38|} Jo Buioe|de. wo.} Buipuny
siuen|od Joyio abeiusood) adAL T penR®.=))
sBuipuij ure |\ awoINO YieaH pue suoss|wg Buioe|dey 9PIYA  UolreWwsg uo|I7e007] Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2025 June 15.

in

available

Environ Res. Author manuscript



Page 16

Pennington et al.

(0T2'Z€ '799'ST 110 %S6) 6G'Ge 10 ‘syresp ainjewald
(09722 '959°0T 10 %G6) 952 T ‘syvesp ainewsud (296'2T
'G8Z'9 11D %S6) ¥T2'0T 1uanaid 0} payewlss sa|aIyan
Jabuassed ayeAlld JO 942G 0 ‘0%/Z ‘%GT JO UOIROILINOS|T

(SATvA 659'S-T29°¢) syreap Asojedidsal

62E—GGT [euollIppe Ue 0} pes] pinom Q9 Ul Sasealdu]
“uol||ig Z'v INY parewnss ue Aq

J92ued Bun| pue aseasip Je|nISeAOIPJed JO 1S0J aU) asealoul
os[e pINom 3| “(SATVA Tri'76—6.LT'ET) SYreap Je|nasenolpred
6EE'G-G/ pue ‘(SATVA €95 '7—8E9) Syreap Jaoued bunj
6€2—€€ '(SA1VA 0T6'6-8.E'T) sureap Aiojelidsal 6T,

—08 [euOnIppe Ue 0] Pes] PINOM SN Ul S3Sealou] e
“(SATVA evv'Sy—£8.'9) suresp

Alojesidsal 6E9‘Z—0rE Juanald pjnom QS Ul Sasealnaq
'S1S09 3seasIp Aloresidsal Ul uolj|iq G'/—9 INY palewnlss

ue aAes pue (SATvA 802'9.T—.91'88) syresp Alojelidsal
¥€2'0T-8ET'G Juanald pjnom XON Ul $asea1d8q  »
:Ajfenuue

‘uolyesauab A1191119918 pue axeidn uondope uo Buipuadaq

“uoljjiw €€/3 84 0} parewiss

SeM 11JaUaq [100S Paziiauow 3y ‘sAep ANAIOE paloLIsal

UoI||IW G'T PUB ‘S8SED SIILOUOI J1UOIYD /6Y ‘SUOISSILIpe

Jendsoy oeipJed pue Alojesidsal Gz9 ‘1S0] 841] JO SJeak

0TZ'0T JUaAa1d pjnom UOIBILIIIIB3 BJIYSA Tey) palewisa
sem 11 ‘0£0Z—-020z SJeak ay) Joy ‘sanid ¢ |[e Buluiquiod

*(sabeyuadiad 3 nsas uone|NWIS

(G6 PUB ;G Jussaldas sabuel) sreo suijoseb 1oy syresp (0T
—8) 6 pue sJed |asalp Joj syreap (TTT—0.) 06 01 pasedwod
‘pajanes) w-uosiad ;0T Jad syresp (8e—TT) 92 40 SS30Xa Ue
asned 0} pajewnss aJam SAJ reybueys ul ‘sjdwexs Jo4
'SIeD |3SaIp UBY) SUeap SSaoxa

Jamay pue (]eod Jo 8sn S,eulyD UO Paseq $1039e} SUOISSILS
J1afue| 0 anp) sJea auljoseh uey) syeap $saaxa alow 0}

peaj 01 Patewnsa alam SAJ ‘sanid Jo Aofew ayi uj o

"shep>j10m 10| (ZST'vC 'T68'LT 10 %S6)

220°'TZ pue ‘sAep AlIAnOe paloLisal Joulw (EvF'9€Z ‘PEE6ST
'1D %G6) 268'26T ‘SHIYOUOI] 21U0IYD SO $8SBI (926'T ‘0 110
%G6) GGT ‘s8sed SAIS 0 ‘syreap Alojesidsal Jueul O ‘syresp
J192ued Bun) (ET ‘2 11D %S6) L ‘syreap Areuow|ndoipied (16
‘02 11D %56) /G uanaid 03 parewnsa SN Ul asealdaq e
"sAep 100y2s 150] (662°€ET'T ‘¥60'0EZ ‘10 %G6)

65082, pue ‘sAep AnAnoe paloLisal Joulw (y00'€8Z ‘€LL'2L
11D %G6) 888'LLT 'sHSIA Q3 euiyise (08 ‘9€ 10 %S6) 85

Ueap ainjewsid

SA1vd

‘Aljeniow paznsuow
‘(490ued Bun| ‘anD
‘A1oreaidsal) AjierioN

Ainnonpoud pue
Yfeay paznauow ‘sAep
AlAIE pPajoLIsal
‘S3SBD SINYIU0I]
21U0Y9 ‘SsuoIsSIWpe
lendsoy oeip.Jes

pue Asojelidsal ‘1s0|
)1 JO SIeaA

U1esp $s80X3

(Jooyas “iom)

sAep 150] ‘sAep Ajnnoe
paloLisal Joulw
‘SI}IY2U0Ig IIU0IYD
‘SHSIA Q3 ewyise
‘suolrezijendsoy
Aiorendsal ‘(sais
‘Aloyesidsal Jueul

uonesauah
FSTRITRETE]

‘€0 Jawwins
‘STNJ |enuuy

¢0S "“UINd “ON
‘0D ‘uonresaush
FSTRINGETE]
's10198}
m_%u&_._*

XON ““00 ‘' d

uonelsuab
FSTRIDRETE]
‘SN Arewind

10 sabejusaiad
Jaubly (%es

01 %ST) S9[OIYaA
JabBuassed ajeAlld

sasnq ‘SajaIYan
193ym-omy
‘sred Jabuassed

(spadow

pue sajaAaiol0w
papnjoul os[e)
(0502 Ad %08
'0€02 Ad %0€)
SsyonJy jews
‘(0502 A9 %00T
‘0€02 A9 %0v)
sled Jabuassed

S391YaA
[eUONUBAUOD

sbuipuy ure N

3aWoINO YijeaH

(uswissasse
aphBil=, )

s epsu0d
sjueinjjod »Bylo
pue suosssiwg

(ebejusased

1991} Jo Buoe|da.
abejusd ad)
Buioe|dey

,(6102)

A3 002 eulyD ‘[e 30 Buen

(€202)

A 0v0c eiskee\ ‘[e 18 uemy
909319
‘edjed pue

‘DjIuofessay L (zz02)

N3 0€02 ‘susyv ‘| 18 SIpLUNOY)
BUlyD

N3 - ‘SAIND vE (z102) 'RWOIC

(Aasnpul

woj Buipuny

adk | FEIN 8>_mow‘_nb

9PIYA  UolreWwsg uo|I7e007] Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2025 June 15.

in

available

Environ Res. Author manuscript



Page 17

Pennington et al.

ainjews.d (00€'6 ‘00S'T 11D %56) 009"y Alstewixoiddy  «
suonezijendsoy

(05v'8Z '0TE'8 10 %G56) 0£5'6T Alvewrxoidde Buipnjou
(swordwAs Aiojelidsal 9566 30 01 parewnIsa) sanipigiow
(uor)iw €0°6€ ‘UoIIW 6Z°0Z 11D %G6) UOI|IW G'EZ o
:Juanald 0} pajewnss ale sa1dijod ajdIysA J11309|3

‘(Ajannoadsal

‘dsn 00/$ ‘SA 009$ Ajsrewixoldde) sajo1ysn auljosed 1oy
uey seb Jednjeu wouy paaLiap A1o110818 Aq pasamod SAT 10}
18MO| 8¢ 01 PalewlIss ale awayl| a]91yaA Jad sioedwi yyeaH

abe pue ‘yreap Jo asned ‘xas Aq paiiells

pue ‘050z pUe 0Z0Z U9dMIa( SIeak 10) SaleWwss apInold o
“1yauaq AJferiow 1sayeald

3y} pey sseak 0G< pabe uoneindod pue usw ‘|[eJSAQ o
'asn (uoifjiw

'25$ ‘UOH|IW §°2$ 1D %S6) Uol[|IW /'ETS JO SBulAes 1500
© 0} Buipuodsa.ioo syresp (62Z ‘€S 10 %S6) LTT uanaid
0] parewnsa sied Jabuassed JO 94 0f JO UOIBILLIDDIT

teakiasn
uol|[iq 'T$ ‘USALIp W 000'T 48d ASN 28'ST$ ‘AJHd  »
teakiasn
uol||1q §'€$ ‘UsALIp Wi 000'T 48d ASN ¥Z'8E€$ ‘ATH \m
Jea
/ASN uol[|ig #'T$ ‘USALP WX 000'T 48d ASN LE'STS AT »
:01 A3DI wouy
Buibueys o syyeap paruanald yim parerdosse sbuines 1500

'sy|nsaJ paoafoid syoedwi

Jamod A11914199]9 [euonippe alelauab 0} pasn uo1edIo| ayL
€102asn (uoljiw ZT°€T ‘TEZ 11D %S6) oI 22"/ 18
panjen ‘suonezijendsoy AAD (TOT'v ‘02L 11D %S6) Tev'e  «
€10zasn (Uol 1w TH'82 ‘0 11D %S6) UOH||IW 6.°0T ¥e panfea
‘suoprezijeyidsoy Aiojesdsal (00E°0T 0 10 %G6) 926'C  «
€102Aasn (uol(iq €86 ‘uol||iq 8591

‘1D %G6) UOI|[1G GT"tt Ye pan|eA ‘syresp (GT2'GZ '9EE'Y 11D
06G6) GYG'TT  «:pauanaid (ABJaua [ewsayl-uou Ag SUOISSILB
ou pue ‘syueld Jamod [ewiayl-uou woly paresauab SAJ

Jo} Jamod ‘018z 0} paonpal uorenodsuel) wouy syueinjjod

116 YNM) SAT UNM S3[D1YaA [euoiusauod Buioejday

‘syued

Jamod [1SS04-Uou WoJy uoiesausb A11911398]9 Y)IM asealoul
pue syuejd Jamod paliy-[eod woly uolresauab Ao11os|a
1M 8Sea108p 0] Palewsa syesp ainjewsald paplony
'seale uegin ul Burnaoo

1S0W YN ‘painquiisip AJusnsun aie sjyauaq YifesH
‘AjaA1oadsal ‘syreap ainjewaid

sAepsjiom

150] ‘ANIpigJow ‘yreap
ainyewsalid paznsuow
‘Yreap ainjewsald

51509 10edWI YijesH

Alenow paziauow
‘(o13199ds-asned
Buipnjour) Aujenon

Ajjerow paznauop

sjuana pajuanald
10 UonezBUOW
‘suonezijendsoy AAD
pue Asojedidsal ‘yresq

uonelauab
Ano130819 SN

uonelauab
Awoinosle *X0s
XON ‘00A
ST\ ‘suoISSIWB
m_u\smc__k

m.N_\/_n_

(*os

XON "¥¢Ad)
slosinoald pue
SN ‘suoissiwa
w_o>o£_r

uoryelauab
A01119918 ‘SeNd

(%02)

sasnq ‘(%G)
o1 {(%T12)
sled Jabuassed

3]91yan Jabuassed
auljoseh
Anp-y617

(%S ov)
sJed Jabuassed

SA30I

(%00T) sa[o1yan
|euonuaAu0)

193]}
[RI0JBWIWOD BWOS

sbuipuy ure N

3aWoINO YijeaH

(uswissasse
aphBil=, )

s epsu0d
sjueinjjod »Bylo
pue suosssiwg

(ebejusased

1991} Jo Buoe|da.
abejusd ad)
Buioe|dey

’UIYD ‘uoibal

180aH-ulfuer |
AJHd A3 0£02 -Builieg (TZ02) ‘e 18 BN
A3 —  samgpenun £ (5T02) eI
N3 050z  euyo ‘Bulisg (2202) 'le1e N

AJHd

‘AJH A3 — uemie]l  (Tzoz) '|e 1@ noi
A3 €102 uemiel  (6T0Z) ‘[ee U
(Aasnpul
woj Buipuny
adk | FEIN 8>_mow‘_nb
3PIYPA  uoIrewlIsgy uoI1e20 ] Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2025 June 15.

in

available

Environ Res. Author manuscript



Page 18

Pennington et al.

0%0z ut (uol|ig T'9g3-uol||iq G'zF 8bues) uol||Iq 9'TTF

(A3 %88 ‘AIH
%9) sesnq ‘(A3
%58) SoIoIYeA
spoob Aneay ‘(A3
%6/, ‘AJHd %TT)
$8]91YaA spooh
Wb ‘(A3 %06
‘AIHd %9 ‘AIH
%2) S1BD :0%02

(A3 %0y ‘AIH
%9) sasnq ‘(A3
%9T) S9I0IYaA
spoob Aneay ‘(A3
%9T ‘AJHd %ET)
$3]91YaA spooh
Wb ‘(A3 %ve
‘AIHd %ET AIH
%9T) S1eD 10202

0€0z ut (Uot||Ig G'€€3-uol||Iq 723 dBuel) uol||ig 8'0TF  « “UBALIP
:J0 11Jauaq [enuue [e10) yausq W 8Jo1yaA A3Hd (T202)
B Ul}NSaJ 0} PajeWnsa S1199]4 9[21YsA 8L} JO UOITBIILISIT yiresy pazisuoiN XON ‘S%Nd J0 sabejusalad ‘AJH ‘A3 0v02 '0€02 ‘e 18 Briysin
'SATvd 0028 pue ‘asn uoljiq /$
Jo sBuines [enuue ue 0} uipuodsa.iod ‘syresp 00/ paplone
$3101YaA Jabuassed Anp 1yBi| JO UONBDILIIBIE 0605 (%001
'SATvd 00v'9T pue ‘asn uol|jiq €1$ J0 suoissiwe '%05) Sajo1yaA
sBuines [enuue ue 0} Buipuodsallod ‘syresp 00v'T PapIone SAvVA ‘Aierow 1sneyxs J1aBusssed (zz02)
s9[01yaA JaBuassed Anp 1yBi| JO UOIRIYIIIOBIB %00T paznauow ‘AujenoN -uou ‘SeNd Anp b1 A3 0502 ‘e 18 ystizieN
suononpal 0T d Wisl-1ioys 01 anp
syresp (L2 ‘T 11D %G6) TZ uanaid 0} pajewnnsa SAGH  «
suononpal 9TAd Wial-loys 03 anp
syresp (S ‘€Z 10 %G6) € Juanaid 01 pajewnss SA3 o
YN sied Jabuassed Jo 9400T Buioe]dal
‘uonnyjod Jre oA} Tey} SUCIIPUOD [ea160j0I03IBW JapUN
'suonanpal 9T\ 4 wasl-buol 031 anp Jeak Jad syyesp
(LTT ‘25 11D %G6) 8 pue suononpas 0T\ wisi-Hoys o1 anp
syreap (LT ‘8 1D %G6) 2T Jusnaid 01 pajewnss SAIH  »
'suononpal 0T\ 4 wisl-Buo] 01 anp Jeak Jad syresp
(88T '98 110 %G6) LET pue ‘suononpas YA wisl-Loys 0} (%00T)
anp syreap (L2 '¥T 110 %G6) TZ Wuanaid 01 parewnss SA3  » SuoIssIWa 2131997 [e43U9D
:ynm sred JeBuassed Isneyxa np anuaAy (0z02)
30 95007 Buroedas ‘suonipuod [eaibojoioalew abelane Japun -uou ‘OT\g U sIed Jabuassed AJH ‘A3 €102 ‘e 18 OueSsRN
sAepjiom
19 €0 ‘UOINIIG 29 11D %56)
uol||iq ST'0Z AND 0 sBuines e 0} Huipuodsa.iod syyeap
(uswissasse
aphBil=, ) (ebejua0 od (Ramsnpul
pesepisuod 83|y Jo Buioe|des woJy Buipuny
siuen|od Joyio abeiusood) adAL T penR®.=))
sBuipuiy ure awodINQ YieaH pue suosssiwg Buioe|doy 3pIYPA  uolrewisg Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Environ Res. Author manuscript; available in PMC 2025 June 15.



Page 19

Pennington et al.

193]} 90/ ‘suoissiwpe [endsoy Aloyelidsal ¢ pue ‘sAep
]00Y2S 10| 8TG'G ‘SHSIA 0 BUWIYISE (7 ‘SUOIegJa0eXd
BWIYISE €S’/ ‘syreap ainyewsaid G juanaid 0} payewrisa
UO11eII}1I393]13 193]} %GE ‘€O Ul sabueyd payoaloid oyang
sureap

SUENED]
paznauow ‘suoissiwpe
lendsoy Asoyendsal
‘sAep [00yos 150|

ainyewsald // T Juanaid 01 parewiIsa UoIeI1LII3| 18314 %0/ ‘SHSIA Q3 ewse uonelauab (%0 ‘%SE) SelelS palun
‘syresp aunyewald 0T JUaAsId 0) payeWIISS UONEIILIEE ‘suoIreqaJexa Bwyise Anornose S3]01Y8A |9saIp ‘eaJe uoIsnoH
199]} %GE ‘SCNd Ul sabueyd pajoafoid oy ang e ‘Yreap ainjewsald ‘STNG ‘€O pue au1joses A3 0v0z 1s1e319 (6702) "[e 18 Ued
‘SA\3J 10§ J3MO] %W T ‘SATHJ 10}
18MO| 9%gT ‘SATH 40} Jaybiy %P ‘011eUSIS [BNSN-Se-Ssaulsng %o_usm%m
ayy 4oy Jaybiy 94z ase GTOZ 01 pasedwod 0G0Z Ul Sa1ewsa HOLIIBI
ATva ‘Aurenaoun pue AjigeLiea 1oy Buinunodge usypy e mccu_xm
"0L/BUSIS [ensn [Bo1WBYOOIOY
-se-ssauisng e 0} paredwod 050z Ag SATvQ Ul uononpal ) ) Wd
%0€ 01 %GT Alerewixoldde ue pamoys SAJHd Pue ‘SATH €09 'si01e} SATHd
‘sA3 ‘Aurenaoun pue Aljiqeiren 1oy BUUNODJE 10U UBYM  « Alva ok, (%00T) SATDI  'SAFH'AT 0507 ‘050z selels panun  (9T02) ‘e 18 JeUO
SATVQ asealdap o} [enuajod
15a1ea.B 8y pamoys abuel 1110313 3|IW-0T € YUM ATHd  « uonessusb Sa|IW Of pue
SA3 10} SATVA JO UONONPAI %GES o Anornosje ‘08 ‘02 ‘0T
PaJapISu0d sadA} a]aIUyaA 8y} pue uoIjesauad SjuepIxo 10 sebues
A1011193]3 Jejos BuIsn SATV( 10 UOIONPal 94ZGS  » _mo,_c_ms,oeosQ oLI303|8-|[e
PaJapISuo sadAl 8]91UaA Uy puB aINoNJISelsul Nd 'si010e} UIM SAIHd
Jamod Bunsixe BuIsn SATTVQ JO UORINP3I 9497 Alva sjokoRyI, SAZOl  ‘SA3H A3 —  seEispemun  (¥102) e 181RUO
“yiuow Jad ‘uoljjigq
/71$ J0 1148Uaq B 031 UOI|[1] 9°0$ JO ISOI B WO} OLIBUSIS
pue Auo Aq pabuel os|e syyauaq Alelsuow Buipuodsaiiod uonelauab SeTelS palun
3y L yruow Jad ‘syresp Jamay (T20'T ‘90§ 1D %S6) 69. 0 Anousle  (0400TS) SaoIyan ‘uo1snoH
suyeap [euonippe (ST ‘€T— 1D %G6) LG WO} OLIBUSDS pue ‘SuOISSIWE  je {(9600T ‘%62 pue ‘0BeatyD
Ao Aq pabues 10edwi ay) ‘sabejuaaiad uonesyLos|s 18]} UO Ajjenow pazisuow sneyxs ‘068T) S9I2IYBA ‘sajabuy (y202) '1e
Buipuadap ‘€0 pue SN ul sabueyd 1oj Buiunodde usypn ‘Aifenow Alorelidsey -uou ‘€Q ‘SCNd Anp-ybi A3 GEOZ SO YIOA MON 18 PRYZBUIARSNOIA
“(uoniig 6°0€¥) uoliig 9%GT$ 0} (Uolf|Ig
6°0%) Uol[IIq L'¥$ ANV JO anjeA e 0} paje|suel) s1y} ‘pasn
suondwnsse Burjapow ayy uo Buipuadaq 'sanl] (459 vF)
0.2'€Z pue (y05F) 0ZG'C UBBMIBY BAES 0} PaJeLLIISS BIaM Anjepow (%00t (cz02)
suonsues} ajd1yan ‘uondope A3 Jo a1el 8y} uo Buipuadag paznsuow ‘Ao 9Z0DIN —04S) SAIDI A3 FA7 04 elfensny ‘e 18 eljfoN
150] a41] 40 Steak 0/9°C anes
pue ([avo$9T0z] Uol||Ig T'T$ J0 sBuines ) syresp ainyewsid
GiT Juanaid pInod sasng HSUBJ) JO UOITRIIIIIBI3 %00T o
150]
3J1] JO SIeak GE6'z anes pue syleap ainjews.d 9T JusAsld
pInod sa]a1yan Jabuassed ajeAld JO UOIBIIHIIGIG 060G o
150] 41| JO SJe3A GOZ'T aAeS pue syreap ainjewsid Gg uanaid suoissiws (9600T)
PIN09 sa]a1yaA Jabuassed a1eAlid JO UOIROIILIIIGIG %07 o sneyxs sasnq Jsuel} epeue)
150] 3}1] J0 s1eak GGg'G anes pue ([avO$9T0Z] Uol||Ig 150] aJ1| SIeak ‘Ypeap  -UOU ‘UoljeJauab “(%00T ‘%05 ‘eale Uo)|IWeH
G'2$ 40 sbuines e) Jeak Jad syyeap ainrewsaid Gzg wanaid ainrewald pazisuowl Anoyosie 'og '0502) S9I9IYaA pue 0Ju0I0] (1202)
PIN0J sajo1yaA Jabuassed ajeAlid JO UOITLIILLINBIE %00T ‘Ureap ainjewaid ‘SN ‘€0 *°ON  Jebuassed arenlid A3 — JEICET ) ‘[e 18 18UIN
(uswissasse
aphBil=, ) (ebejua0 od (Ramsnpul
paJepisuod 38|} Jo Buioe|de. wo.} Buipuny
siuen|od Joyio abeiusood) adAL T penR®.=))
sBuipuij ure |\ awoINO YieaH pue suoss|wg Buioe|dey 9PIYA  UolreWwsg uo|I7e007] Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2025 June 15.

in

available

Environ Res. Author manuscript



Page 20

Pennington et al.

ainewsald (809 ‘TZT 110 %G6) 99€ PUe SUOIINPal SN 03
anp Jeak Jad syresp aunjewsid (888'€ ‘S86'T 110 %G6) 6€6'C
JusAald 01 pajewnIsa S1 UOIRIILLINL|S 193]} %G/ ‘UolRIaual
A11911393]8 JO S32INOS 38.44-UOISSIWS BUISBAIOUI UBUAN o
suo1nonpal

uonew.oy €0 03 8np syresp ainjewsid (869 ‘6ET 1D %S56)
02 pue suonanpal S d 01 anp syreap ainjewsald (980'2
‘G90'T 11D %S6) 9.SG'T JusAaid 0] Pajewnss SI UONEdILI33
19914 %G/ ‘uonessush AnoLiosle ¥T0Z Buisn e

suononpal uolrewloy €0 01 anp Jeak Jad syresp

almewsaid (88T '8¢ 110 %S6) ETT Pue suononpal SN 03
anp Jeak sad syresp ainrewsld (6TZ'T ‘€29 110 %S6) 226
Jusnaid 01 pajewnIsa S1 UOITRIILLIIIG|S 193]} 9%GZ ‘UoIRIaUal
A11911193]8 JO S32INOS 38.44-UOISSIWS BUISBaIOUI UBUAN o
suo119NPaJ UoIewIoy

€0 01 anp Jeak Jad syresp ainyewsald (29T ‘€€ 1D %S6) 86 (%S2
pue suoionpai S 01 anp Jeak Jad syyesp ainyewsid (8.5 uonelsush '05G2) SAIIIYAA
'G62 1D %G6) LEF JusAad 0} PajewISa S UOITedI 13I8 yreap paziauow Anornose JaBusssed (0z02)
19914 %Gg ‘uonessush AnoLosle ¥T0Z Buisn e ‘Kijenow ainjewsid ‘€0 SYNd Ainp-y61 A3 —  saleIs panun ‘[e 18 si81ed
ajdoad 000'T Jod SATVA
6°€ uanald 03 parewnsa ¢Q) ui sabueyd payoalold
(06=U) saouequnsip daals ybiy Jo 94T pue
‘(9z=U) soueAouue yb1y Jo 9,¢ ‘(2=U) Syreap Jejnasenolped
10 9T JaAa.d 0} pajew s asiou ul safueyo paroalold 39UBqINISIP
(8TT=U) syreap [ednyeu Jo 959 1uanaId  daa|s ybiy ‘eauekouue
0] pajewIss uogJed [ejuawad ul sabueyd pajosfold « uby ‘sA1va
(TL2'LG=U) skep ‘(JepnoseoIpIes
Aunioe pajoLisal J0 %z pue ‘(f=U) syyeap Jaoues Bunj Jo %G ‘190ued Bun| ‘feanjeu ‘00
‘(Op=U) syreap Je[NISEAOIPIED JO %9 ‘(99=U) Syjeap [einjeu asneo-|[e) sieak 0g= ‘8s10u ‘uoqued (9605) puelaZIMS (S5T02)
10 94€ Jusnaid 0] parewnss SN ul sabueyo pajosfold «  abe Je yiesp ainewald  [eIUBWIBIR ‘SN 198} 82 areAlld A3 0202 ‘leseq ‘e 19 zalad
(sa19A21010W
'sBulAes ul uol||iq 9€°0$ papnjoul
—uol|iq £T°0$ 01 Buipuodsaliod ‘reak Jad ‘pajuanaid alem os|e) (%001
syreap £6—zT ‘S1oedwi 1S9)[eWS ay) YlM Seate G ayi uj e 1sowe) (sasng
‘sBuines ui uol||iq 19°21$ 100yds ‘sasnq
—uol|1q Z0'z$ 01 Buipuodsaliod ‘reak Jad ‘pajuanaid alem JIsuBl) ‘syonay sl
syreap £9T‘T—98T ‘s1oedwi 1safie] Yl YUM seale Gayr uj o ‘sred Jabuassed) pauun ‘seale
‘ea.e uejijodonaw Aq Aifenow IETRIIVENN uepjodonaw
PaLIBA UOITRDI41I193]3 3]91UsA woly syoedwi Jo apnpubew ay L paznsuow ‘AlfeLoN STNG Jabuassed A3 0502 0g (£202) "[e 18 UBd
UONEDIIII3I3 19314 %60 10} SEIN
ul suonodNpaJ woJy syyeap pawanaid o1 anp [asN$sToz]
sBuines uol||iq G T$ © Se parewnss 1jauaq isabie|
3y} ‘W021N0 Yea 10} Pare|naed siyauaq PazIiauolN e
suoissiwpe Jeydsoy Alojelidsal g pue ‘sAep [00yds 10|
¥¥8'TT ‘SHSIA @3 BWYISE £ ‘SUOITR]I8IBXd BWUISE 6TT'9T
‘syreap ainyewsalid TT Juanald 01 payewisa UomedI11d9|a
(uswissasse
aphBil=, ) (ebejua0 od (Ramsnpul
paJepisuod 38|} Jo Buioe|de. wo.} Buipuny
siuen|od Joyio abeiusood) adAL T penR®.=))
sBuipuij ure |\ awoINO YieaH pue suoss|wg Buioe|dey 9PIYA  UolreWwsg uo|I7e007] Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2025 June 15.

in

available

Environ Res. Author manuscript



Page 21

Pennington et al.

'Gz0Z Joy pajuasaid osje s)nsay

suonezijeydsoy

18]N2SBAOIPIED 10) 68°8T3 pue suonezijendsoy Aloyesidsal
104 GZ'€3 ‘suononpais juelnjjod wusl-Buoj 01 ang .
suonezijeydsoy

1e|NISBACIPIRD J0) T3 pue suonezijendsoy Alorelidsal

10} ZT°T3 ‘suononpal uenjjod wlis)-1oys 0 ang
:S3W02IN0 Yijeay

U1 saBBueyo o1 anp sBuUIAeS 1500 21LIOL0S PaleWNss ‘0s0z Ul

suonezijendsoy Jejnaseaolpred (€06 ‘0T—

!12) LG pue ‘suonezijendsoy Aloyelidsal (L0T ‘¥S :10) 18
‘(uoniw Gov3 Ye panfen) syresp (¥ZT ‘68 :10) LOT °ON  «
suonezijeidsoy Jejnasenolpred (0SE ‘04T :1D) 052

pue ‘suoyezifeldsoy Aloyeurdsal (L€ ‘T2~ :10) G8 ‘(Uol|liw
9963 e pan|eA) syreap (98T ‘€TT :10) 6¥T :S°INd  »
suolezijendsoy Jejnasenolp.ied

(92 ‘92 :12) 92 pue ‘suonezijendsoy Aoelidsal (19 ‘19 :10)
19 ‘(uon 1w 6923 e panjen) suresp (2 ‘89 :10) TL VAN »
:uonnjjod Jre ur sabueyd Jo 1edwi

wig)-Buo] 03 anp SSau||I Ul SUOIIONPaJ Parewnsa ‘0e0z Ul

suolezijendsoy Jejnasenolp.Ied

(£€ ‘0T :10) €2 pue ‘suonezijeydsoy Alojestdsas (0v ‘2 :10)
T2 ‘(Uon1w g83 e panfen) syyesp (g€ ‘TT :10) 22 :°ON  «
suolezijeidsoy JejnaseAolp.ed

(€2 'S :10) 6€ pue ‘suonezifendsoy Asojelidsal (1T ‘G- :10)
GG ‘(uonfjw ¥/ T3 e panjeA) syyeap (G2 ‘9T :10) 9% 5%Nd o
suolezijendsoy Jejnasenolp.ied

Aifenow

paziiauow ‘ssau|l
101509 91LOU023
‘sieak g6—0 sebe

10} uonezifendsoy
1e|NaseAoIpIed ‘sieak
66—0 Sobe

(SA3H
%S '%ST)
s3]91yan Ainp

(9% ‘s¥ :1D) 9v pue ‘suonezijendsoy Aloresrdsas (85 ‘2 :10) 10 suonezifendsoy SUOISSIWS  yy61) pue (SATH
85 ‘(UollIIW €ST3 ¥e pan(en) syreap (T ‘0F :1D) 0% VINd Aloyedidsal ‘sieak ISTBUXS 940G 'SAT %02)
:uonnjjod Jre ui sabueyd o 1edwi 66—0 Sabe oy -uou “ON sled Jabuassed (1202)
WJa)-1oys 0} aNp ssau|l Ul SUOIINPaI PajewIlsa ‘00z Ul Aljeriow asned-||y ‘STNG “OTNd ‘002 Ul AJH AT 0£0Z ‘'S20Z Aley ‘uung e 19 ezZIY
aiyyel) 0] anp Jeak Jad syyesp ssa0xa 9T (%001 epeue) ‘ealy
10 (%8) YT 1uanaid 01 PaIRLINSS SI UOITEILIBIE %00T  * SUOISSIWd ‘%0T) S3Jo1yaA uolfiweH
a1Jel) 03 anp Jeak Jad syyeap ssa0xd 1sneyxe Jabuassed pue ojuoJoL (e8702)
9T 10 (9/€) 9 uanaid 01 PareWINSa SI UOIEIINBIG 00T o Aljeniow asneo-||v -uou ‘STNd Ainp-yb1 A3 — 1918319 ‘|e 38 einbay
uonelauab
‘[9sa1p 10 [0438d Yum pajany SAJD| 0} pasedwod b_w_:om_m
SATVA Ul Uonanpal 9406 Ajrewixoldde ue ui ynsal o} $10308} (0z02) 'e
parewnsa ate sA3 ‘050¢ 40} X1w A)o1noa|8 pajosfold e Buisn sSAIva 81okoal, SA3DI A3 0502 eluenyi] 19 uaIsnesIad
"01JeUdds 8y uo Buipuadap
‘asn uol||igq 2 TE$ 01 uol[|1g T°G$ 40 sBulAes 1500 & 0}
puodsa.109 yyeap ainyewaid Ul SUOIIONPaI PajeWwnsa syl
suononpal uoiewloy €0 01 anp Jeak 1ad syresp
(yuowssasse
o_o\Go:_n*v (ebejua0 od (Aasnput
pesepisuod 83|y Jo Buioe|des wo 4 Buipuny
siuen|od Joyio abeiusood) adAL T penR®.=))
sBuipuiy ure awodINQ YieaH pue suosssiwg Buioe|doy 3pIYPA  uolrewisg uo17e20 Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2025 June 15.

in

available

Environ Res. Author manuscript



Page 22

Pennington et al.

uoljiw T'T pue ‘poyisw uonenjea Ajted samod Buiseyaoind
© Buisn uaym seak Jad sy UOI|[IW 6'6 ‘SAT WOIH
190 0} pajewlnlsa ale Jeak Jad syyausq yifeay ‘g0z ul

“Ieak

Jad ‘uol||iw Z6T AQwvD e panjeA ‘syresp (9€ ‘2T 110 %S6) ¥Z
Juanald pinom sa|a1yan Jabusssed Jo UOITRIIIIBI %00T o
“Ieak

Jad ‘uol|iw 96 QO e panfen ‘syresp (8T ‘9 ‘10 %G6) ZT
Juanaid pinom sa|a1yaA Jabuassed Jo UOITBIIIIGIE 960G o
“1eak Jad ‘uol||1w ¥z Qv ¥e pan(eA ‘syresp (v ‘Z 110 %G6)

€ Juanaid pinom sa|a1ysA Jabusssed JO UOIILIIILIIBIB %HOT

"9S88.0U| 0] PaJRWIISS SI9M Jeam Jljjel)
0} anp syyeap ainrewsld ‘sayoeoldde awos Buisn ‘|[esano
9SB8129p 0] PALLLIIS 2JaM Syresp ainjewald SjIYM o

"pasn yoroudde sisAjeur 10edwi yijeay ayl uo Buipuadap
‘WIoYX201S Ul 6T 01 ¥ pue BInquayloo ui 0T 03 & Woly pabues
syleap ainyewald JO Jaquinu Ul Sasealosp palewnsy e

“Juow auo uj 39edwil Y3[eay pue d1Wouods Jau

asn uoljjiw Z£T$ panes pue syreap ainjewsaid goT pajusnaid
aney pinom sao1yan AInp-1ybi| 9113199]9 40 uondope 90f e
“Juow duo uj 39edwil Y3[eay pue d1Wouods Jau

dsn uol|iW #G$ panes pue syreap ainjewald Ggy pauanaid
aAeY pInom saja1yan Ainp-Aneay 911199]8 40 uondope 940
:AB0]0103)8W BWIIXS INOYNM Yjuow € ‘y Tz Arenuer 1o

“yuow
3uo uj Joedw] Y[eay pue djWou0da 18U @SN Uoljjiw 95T$
panes pue syreap ainjewald (EEE ‘8E 11D %G6) ST pauanaid
aney pinom sajo1yan Ainp-1ybi| 911199]8 40 uondope 90 e
"yjuow auo

u1 10edwi Yijeay pue d1WoU02a 18U dSN UoI||IW /8% panes
pue syresp ainyewald (£2/ ‘0T ‘10 %S6) 295 paiusnaid
aney pPINoM S3[a1yan AInp-Aneay 91119319 0 uondope %40 o
‘Juana Alifenb Jie swanxe £10g Asenuer ayy buing

*(auszuaq oy uoljjiw T3 pue ‘CON 40} uol|jiw

T3 'SCNd Joj uotfiiw yS3 ‘TN Joj uolfjiw 993) Ajjenuue
UoI[|1W Z9T3 9AeS 0] pajewisa uonnjjod Jie Ul sUonoNpay
"8]nudsad ;S6 au J0J Sased

9%°'T 01 T> pue ajnuadad G 8y 10} 3sed T> Se pajewllIss
80uapIoUl elwaYNaT "e)ded Jad gE'T 03 O PUe [[BIBA0 £L0‘ET
01 0 Wouy abuels sajewnss ATvq ‘saiifedidunw ssosoy eale
jIuojessay | Jayealb sy ul sanijedioiunw Gz 104 Ajpresedas
pajuasaid Sased eluayna| pue SATYQ Ul Uononpay
.m.N_\/_&

pue 0|4 ul suononpal 03 anp Ajjediolunw 1yiuoessay L

ur Ajpigow pue AjjeHow ur uolaNpal o4y pajewnsy .

auaq

Uieay paznauoin °ON ‘O"AId

yresp
paziauow ‘syreaq *ON

SUOISSIWA
1sneyxa-uou ‘0g

ylesp ainjewslid OTINd ‘SYNd

SUOISSIWd
1SNeYxa

1oedwi -uou ‘uonelausb

U3feay paznsuow Aouos)e ©0D
‘Lpeap ainjewsald TON ‘SYNd

30UBPIdUI BIWSY N3]
10 Aijeniow pajusnald
01 8np sarewWnss
paznsuow ‘SATvVA
‘59580 BILWSYN3|
‘Aupigiow ‘Ayjeno

auazuUaq ‘CON
‘SN TN

193UM-€ ‘(%3)
193YM-Z :S3|21yaA
J14199]9 :ZT0Z

(%00T ‘%605
‘%0T) S8|21YaA
J9Buassed

(%09)
s9101yan 161

(960%) saja1yan
Ainp-1yby
“(%0v) sapa1yan
Anp-AnesH

(SATH %¥
‘SAT %0S) S1ed
pajany-auijoses)

AIH N3

LT02 ‘'2T0C  ®EIpu| ‘Tequniy

epeue)
‘0Ju0I0 |

A3 —  ‘Toy AemyBiH

uspams
‘Woyx201S
pue

A3 1102 Banquayioo

A3 VT0Z ‘€102 BUIYD

ERERT)

AIH N3 0c0c ‘DjIuoessay L

(zT02)
‘|e 19 auemeuos

(T202)
"[e 18 1slieys

(T202)
‘e 18 uosslabas

(T202)
‘e 18 |[8UYoS

(L102)

‘[e 19 siuuelblies

sbuipuy ure N

(uswissasse
aphBil=, )

s epsu0d
sjueinjjod »Bylo

3aWoINO YijeaH pue suossIWg

(ebejusased

1991} Jo Buoe|da.
abejusd ad)
Buioe|dey

adAl JeaA

aPIYA  UolewWIST Uo17e00 7

(Aasnpul
woj Buipuny
8>_mow‘_nb

Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2025 June 15.

in

available

Environ Res. Author manuscript



Page 23

Pennington et al.

SN 01 anp sAep ANIAIOR Pa)aLsal Ul sabueyd ON o
03 10 SN 01 anp 1S0] 81| 40 sredk ul sabueys oN

:U1 }NSal PINOM pajane.}

S1913WO0] 1Y 8]91YaA 8YeAlid JO UOITedJ11108]d Ul 85ealaul
%06 ® ‘020 Ul 01IeUads [ensn-se-ssauisng e 0} pasedwo)

aouequnisip Qmm_m 0}

anp Au|igesip ym pani| sieak [euorppe (9 ‘2 110 %G6) ¥ o
3sIou 01 anp

Anpigesip yum panil sreah feuonippe (0T ‘T :10 %S6) 2«
03 01 8np 150] 341 J0 s1eak Jamay (86 ‘Ov 11D %G6) L9 »
SN 01 anp sAep

Annnoe pa1oLisal Jamay (9TE'ST '926'TT 110 %G6) 296'ET  »
SN 01 8np

Ja2ued Bunj 03 anp 150] 81| J0 sreak Jamay (0T ‘8ET 1D %S6)
282 pue ‘aseasip 1eay d1Waydsi 0] anp 10| 841] JO SIeak Jamay

SIeak

G9-8T pabe synpe
Buowe sAep Ainnoe
pajoLnsal (Aujiqesip
UM panl| sieak)
Anpigiow {18oued Bun)
pue ‘aseasip Leay
21WaYs! ‘sjusploge

(£2¥ ‘692 11D %S6) 9vE ‘SluapIdde Bulpnjoxa sasned ||e 0} Buipnjaxa sasned |e
aNp 10| 81| Jo sreak Jamay (TTL'C ‘'€0V'T 11D %G6) L60'C »  :01 NP SIedk +0g pabe (%05) pajenesy
:UI 3JNSal PINOM PajaAel] SIa1aWo|Iy 3|o1yaA ajeAld  synpe Buowe (10| 8}l SI918WO| 1Y SpuelIayIaN (9T02)
10 UOITRDIHLIII3d Ul 85Ba19UI 9505 € ‘0T0Z O3 paJedwo) Jo sreak) AeuoN  8siou ‘03 ‘SYNd 3[91YaA areAlld A3 0202 ‘wepisnoy ‘e 18 M1jj10qoL
1202 wouy A1191139318 Aq pasamod SAT 40} 18ybiy 960G
XIW uoiesausb A91109)9 abelane ‘s N 0z0z paroslold
ay) wouy AnoLnoale Aq pasamod SAT Joy Jaybiy 95007 o
Jamod Je|os 10 ‘1ayem
‘puIm wody A1101119318 Aq pasamod SAT J0) 19MO] %0/
seb
[eanyeu woly AN9139313 Aq pasamod SAT 10} JOMO| %0G o
SAJH auljoseb 10} JaMO| %H0E o
:Ajerewixoldde asam syoedwii
eay pare|ai-Alfenb Jre ‘saja1ysa auljosed yum pasedwo .
Yieay paje| H| : oY ._.ch_m_\ur._s_u_”wvuwc__ﬁummmm \Q__mtoco_ pazijauow » mo ‘S N_\/_&
uojeb Jed ASN ¥6°T$) 1209 Woly AN9128|8 Aq pasamod SAT ‘€0 0} painqune uopesauah
10} 1eak sad syreap 00z's 01 (Jusjeainba-aurjosed uojed Jad Aupenow Aiojesidsal .b_o_:om_m (%0T)
dsn vT°0$) Auo19a|a Jejos Jo ‘Jayem ‘puim Ag pasamod ‘SN 01 paInqLe suolssiwa pajoneL) Sa|IW (¥102)
SAJ Joy Jeak Jad syreap ogg wouy abues syoedwi [ejoL All[erow asned-||v ajokoap), 3]91yan Jabuassed AJH ‘A3 0202 S818IS paliun ‘e 18 wnssa L
(%2)
poysw TISA SATH [8aym
e Buisn uaym uoljjiw g’z pue poyiaw uoienfea Ajted Jamod -7 '(%0T) sasnq
Buiseyaind e Buisn usym sy uoljjiw £'€Z ‘SAJH Wol4 a119nd ‘(9%0€)
pouisw SA e Buisn sixe1 ‘(%0€)
UBYM Sy Uoljjiw 9°/ pue poyiaw uonenjea Alred Jamod 199ym-€ ‘(%0T)
Buiseyound e Buisn uaym sy UoI||IW 009 ‘SAT WOl o ]98YM-Z S3]91Uyan
190 0} parewlnsa ale eak Jad suyauaq yieay ‘210z Ul 2110919
poylsw SATH [38ym
TISA e Buisn usym sy 0/‘/Z pue poyiaw uonenjea Atred -1 {(%G) sashq
Jamod Buiseyaind e Buisn uaym sy GZ#*€6T ‘SATH Woid o a1gnd ‘(%02)
poyiaw uonenfen SA e buisn usym sy sixe1 ‘(9%02)
(uswissasse
aphBil=, ) (ebejua0 od (Ramsnpul
paJepisuod 38|} Jo Buioe|de. wo.} Buipuny
siuen|od Joyio abeiusood) adAL T penR®.=))
sBuipuij ure |\ awoINO YieaH pue suoss|wg Buioe|dey 9PIYA  UolreWwsg uo|I7e007] Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2025 June 15.

in

available

Environ Res. Author manuscript



Page 24

Pennington et al.

3s1e09=0T |\ d ‘Jonew ajejnorded auy=S"CNd ‘Jalew arenored=|Nd ‘9]91yaA d11398]8 pUgAY ul-Bnjd=AJHd ‘8u0zo=EQ ‘Ieam peos pue ‘al1} ‘axelq apN|oUI=SUOISSILS JSNeYX3-Uou ‘sapixo ushonu=XQoN
‘apixolp usBonu=C¢ON ‘eluowwe=EHN ‘Us[eAInba apIX0Ip UOGJeI JO SUO JLIBW=3Z QDN "Bale [edisiie]s uel|odonsW=\SIA ‘I18Wo| = ‘a]21YysA aulbus UoRSNQIod [euIsluI=ATD] ‘9]21YaA 11199]9
puUgAy=A3H ‘punod ysnug 12a19=dgo ‘a|91ysn d111939]9=A3 ‘Wswnedap Aouablawa=a3 ‘UogJed [ejuswa|a=J3 ‘sieak ajl| paisnipe-Aujigesip=ATva ‘asessip Jejnasenoipsed=gA ‘aseasip Areuownd
SAIIONIISGO 21U0IYI=dOD ‘BPIXOIP U0GIeI=CQOD ‘BPIXOUOW UOGIRI=0D ‘UBNA 3S3UIYD=AND ‘[eAISIUI 82USPIIU0I=]D ‘IB||Op UelpeUBD=VD ‘U0GIed %IB|q=Dg ‘Je||op Uel[ensny=any :SUoIeIAIqqY

"SOLIBU3DS
3WOS U1 suononpal uonnjjod re Wouy ISow ay) paniauaq
plo sieak G9< ajdoad "abe pue A)9 Aq patien 1oedwli [[BJBAQ

CON ui sabueyd 01 anp syleap 087'Z0T-0vY'EE o
€0 pue SN ul sabueyd o) anp sylesp 09y T.-0Ly'LT
:Juanaid pINoJ UOIIBII141I3]8 B|IIYIA

*pasealoul Palyi108]9 SaInod snq
10 Jaquinu ay} se paseasoul sbuiaes yfeay ‘sanio ylogq uj e
'SUOISSIWA SCNd

01 8|qrINGLINE S1S0D U1[eay Ul Uonanpal 9405 Ajarewixoidde
Ue Ul paynsal saInod ¢ BulA}ii109]8 ‘salio yloq up e

"gaJe uelijodosiaw Ue[IA 8Y3 Ul paljLII0a)e

80 01 PapasdU SIN0J SN GT 10 TT pue ease ueljodonaw
uo1s0g 8y} Ul Paly109]9 aq 0} Papasu salnol snq 6T JO

€T 's9IN0J SN Palos|as 1oy SUOISSIWS SN 01 a|geIngLine
S1S02 188y Ul UOIoNPal 906 PSRN Ue 9A3IYOR O]

senIpIQIoW (Z€'€EZ'TT ‘€6'G85°Z 10 %S6) TO VLY L o
(aseasIp Jejnasenoiqalad 104 [66°02T

‘9762 10 %G6] ¥71°LL pue asessip Weay o) [02'T92 '02°L9
1D %G6] 6€°29T) Syresp (6T°Z8E ‘9T'L6 1D %G6) ESVrE
:JuanaJd PINoM Sasng O UOIBII1I13|T

sapIgIow (E€°EV6'Z ‘98785 1D %G6) Z0°LT8'T »
(aseasip Jejnasenoiqalad 1oy [¥5'69

‘L€'9T 1D %G6] ¢9'€ pue aseasip 1eay 1o} [0T"0ST ‘59°L€
10 %G6] 59'76) Suesp (¥9°6TZ ‘20¥S 1D %S6) LZ'8ET  »
uanald pinom safaiyan Ainp-1ybi| Jo uoneol193|3

aoueqJnisip daajs 03

anp Aujigesip yum pani| siesk 1amay (09 ‘vZ 110 %S6) T«
asiou 03 anp

Anpgesip yum pant| sieak semay (T9T ‘€T 110 %G6) 92 »

(°ON)

Aleriow asneo-|je
‘(F0) Anfenow adod
‘(59Nd) Aurerow
uonoaul Aloredidsal
1aMo| pue asessip
9]geaIUNWWOI-UoON

Alijerow paznauo

sso| Burreay pue
‘0.3S ‘aseasip Heay
Areuoio9 ‘uoisusiiadAy
JO sased ‘aseasip
1e]N2SeA0IQa1ad pue
aseasip Leay

wouy AjeLoN

uonelauab
JSTRITRETE]

“°ON ‘€0 "S°Nd

m.N_\/_n_

3s10U d1yel ]

(%00t

—902) Sonu}
Anp-Aneay pue
-wnipaw ‘(%007
~%0%) $}oni
Anp-ub1) (%007
—9%08) $8snq
pue sixe} (%007
—909) S3|91UyaA
Jabuassed
Anp-Aneay pue
-winipaw (%007
—9%05) S8|91yaA
Jabuassed
Ainp-y611

sasnq [8sa1d

(%00T) sasnq
“(%00T) salo1Yan
Anp-ybry

Buyd ‘eleg

AJHd ‘A3 090z  Janiy azibuen

AJe)l ‘eale
ueyjodosow
uepin

VSN ‘uoisog

N3 0c0¢ JENCET]S)

BUIyD
‘Buoy| BuoH

(€202) 'le 10 NYz

(€202) 1e 18 Kelin

(€202) e 10 1051

sbuipuy ure N

3aWoINO YijeaH

(uswissasse
aphBil=, )

2 BPISLIOD

sjueinjjod »Bylo

pue suossIWg

(ebejusased

1991} Jo Buoe|da.
abejusd ad)
Buioe|dey

adAl JeaA

aPIYA  UolewWIST Uo17e00 7

(Aasnpul
woj Buipuny
8>_mow‘_nb

Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2025 June 15.

in

available

Environ Res. Author manuscript



Page 25

Pennington et al.

payoadsun

Ansnpur wouy Buipuny 82884N

‘(Jesodsip pue BuijaAdai a41]-j0-pus pue ‘Buibireyd ‘uoielado ‘@oueusiurew ‘BuiinjogjnUBW ‘S[eLIaYewW JO UOIIJIIX3 Se YINS SI10)I.) 3pn|oul) S1030e) 91942841
*

‘3J1] [RIISIIEIS JO BN[eA="ISA ‘spunodwiod a1uebio a[11e]JoA=D0A 1B]I0p 'S'N=ASN
‘apIX0 Inyns=X QS ‘apIX0Ip IN}NS=COS ‘aWOIPUAS yleap Juesul usppns= SIS ‘seadni ueipul=sy ‘UBOBULI ueISAR[RIN=INY ‘I818WRIP Ul SI818WoI0IW 0T—G'Z Janew alenaied=5"¢—0T|\d ‘Jenew ajenained

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Environ Res. Author manuscript; available in PMC 2025 June 15.



	Abstract
	Introduction
	Methods
	Results
	Discussion
	References
	Figure 1.
	Table 1.

