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Abstract: The cardiovascular and stroke mortality rates in Arkansas are among the highest
in the USA. The annual trends of stroke and cardiovascular mortalithanedy correlated

to smoking cessatignvhile the prevalence aifsk factors such agbesity cholesteroland
hypertensionincreased over the 1972007 period The studydeterminedthe effect of
chronic exposure tdPM,s on nonaccidental cardiovascular stroke and lung cancer
mortality in Arkansaover the 20002010 periodusing theWorld Health Organizatian s
log-linear health impact modeCounty chronic exposures to PM were computedy
averagingspatiallyresolved gridded concentrations using J2MbservationsA spatial
uniformity was observed for PM mass levels indicating that chronic exposures were
comparable throughout the stafée reduction oPM, s mass leveldy 3.0 eg/m’® betveen

2000 and 2010 explasd a significant fraction of theledining mortality. The effect was

more pronounced in southern and eastern rural Arkansas as compared to the rest of the
state.This study provides evidence that the implementation of air pollution regulations has
measurable effects on mortality even in oggi with high prevalence of major risk factors
such as obesity and smoking. These outcomes are noteworthy as efforts to modify the
major risk factors require longer realization times.
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1. Introduction

The soutkast region of the US has beerhistorically identifiedas t he Astroke b
recently, the existence ch i hear t f ai | aso @ébserbedih thé samven egiorl,2].
Arkansa hasthe highestageadjustedstroke mortality in the US& and rankedamong the top five
states for heart diseaseortality. The 2005 2009 ageadjustedmortality rates for heart disease and
stroke was higher anong AfricanrAmericans than forwhites andHispanics[3]. Heart disease and
strokemortality rateswvere higher in rural communities in eastern Arkansas along the Mississippi Delta
region as compared to the urbanized areas in central and northwest ArtkBesdlss from heart
diseases and stroke have been decreasing over the past Z8lydwwever, the prevalence of major
risk factors sah asobesity,high blood pressure and cholestemtreased4]. Changes in smoking
habits were associated wikbng-term trends ofmortality rates but did not justify the observed racial
and geographidadisparities in southeast WS[4,5]. The anticipated improvements of increased
awareness, new drugs and therapies did not materialize shortly after their impleméfitation

Owing to theabsenceof major industrial facilitiesscarcely populated urban aremsd frequent
precipitation scavengingheimpacs of atmospheric particulate polluti@n cardiovascular and stroke
mortality received very little attentignif any, in this region.Meanwhile, epidemiological studies
showed consistentfreng and statistichl significant associations between PiMfine particles with
aerodynamic diametégss than 2.5m) and cardiovascular, stroke and respiratory mortality and morbidity
in the UA and around the worl®i 12]. Recent studies showed that the risk of stroke may increase up
to 34% even at low Ppk levels in New EnglanflL3]. These levels were comparable or lower tastho
typically measured in Arkansd&4]. Secondary sulfate and nitrate, biomass combustion, traffic and
diesel particles were identified as the most imponpanticle types andources of PMs in Arkansas
which is typical to those observed in eastern AU$L4116]. Emissions of pollutants from
energyrelatedsources i(e., volatile organic compounds and nitrogen ox)dgem upwind regions
(oil/natural gas exploration andefineries in the Gulf of Mexico, Houstm TX, USA)
were significant determinants of BMlevels in ArkansasPrevious studies showed thaarisport of
volatile organic compounds and nitrogen oxidfiesn southeast US along the Gulf Coasyielded
very high ozone (g concentrationalong the Mississippi Valley tohe Great Lakesand Upper
Midwestregion[17].

The overarching ainof this study vasto determinethe burden ofchronic exposures tBM, s on
nontaccidentgl cardiovascular stroke and lung cancemortality in the state of Arkansas over the
2000 2010 periodWe achieved this bysing the WorldHealth Organizatiod §/VHO) health impacts
analysis (HIA) methodologyf18i 22]. Estimates of the PM; concentrabns, theannual trend
spatiotemporal variability and courfiverage PNls massconcentrationsvere computed usingM. s
measurements in multiple locations

2. Methods
2.1.HealthImpacts Assessment

We obtained countpased data fononaccidental cardiovascular(ICD-10 codes: 410429),
stroke (ICD-10 codes: 430438) andlung cance(ICD-10code: 162mor t al ity fr om t

t



Int. J. Environ. Res. Public Heal2014, 11 7444

Department of Health Indicator Based Information System for Public HeEt# 2000 and 2010
population countsf 30+ years oldor each county were obtained from A€ensus.

The effects of changes in BMbetween 200@nd 2010 were assessed by calculatingttange in
the number of deathsY( in Equation(1)) in 2010 for each county whekRis the2010population in
eah county, b is the000 mortality rate (per 100,00 ist he ef f ect coeffici
increase of PMs mass, anddPM s) is the change in Pp mass between 2001 and 2(16i 20]:

3 =(Pj 100000 x b x (&> ®PMes _ 1) (1)

Theb values fomonaccidenta(1.06 95%CI: 1.02 1.11), lung cancefl1.14 95%Cl: 1.04 1.23 and
cardiovascular (1.09; 95%I: 1.03 1.06) mortalitywere obtained from the American Cancer Society
(ACS) study, a longerm cohort study examining the impacts of air pollution on mort§igy 25].

The relative risk of M, sinduced stroke mortality (1.085% ClI: 0.02 2.04) were obtained from the
analysis of the associations between ,BMind mortality in 27 US communities including
Birmingham, Alabama and Memphis, Tennessee, two urban areas with similar demographic
characteristics to Arkansasban areaf26].

The PM sresultant change in mortality between 200@ €010 (Y in Equation (1)) was then
compared to the actual change in mortality between 2000 and 2010 and the percentage effect o
PM, s-resultant mortality on observed mortalitp¢ Wwas calculated as follows:

Y

oM = Deathgy,o- Deaths, x100 (2)

where Deathsoo and Deathgiowere the number afionaccidental, cardiovascular, stroke and lung
cancerdeaths in 200@and 2010, respectively. Because of the observed declining trend gf PM

a reduction in mortality was anticipated. Thus, positipe values indicated the magnitude of the
reduction of PMsresultant deaths to the overall reduction of deaths, while, negative values showed
that the actual number of deaths increased between&@Q010gpz > 1 (or 100%) suggested that

the actual reduction in deaths was lower than the estimated reduction dugstdeehhing levels

2.2 PM, 5 Mass Concentrations

The measured PM mass concentrations in eighteen (18) sites in the state of Arkansas during
the 20002 011 ti mespan were retrieved FiguershBWwsAhés A
locations of the monitoring sites in the stateluding those in the.ittle Rock/Notth Little Rock
metropolitan statistical area (drlarll and arlih Figure 1). Sixteen sitesncluding the NCoresite
(arlQ AQS #5-119-0007; a site that integrates advanced measurement for particles, pollutant gases
and meteorology)are operated by th&rkansas Department of Environmental Qualionthly mean
PM.,s concentrations were computed fgeriods with more than 75% valid measurements
(22 days/month for daily measurements and 7 days/month -fo¥31measurement frequency).
The monthly 24-h mean PM s mass concentration was computed for months with more than
75 percent valid estimates of dai, s massconcentrationsThe annual trend of PM mass in each
site was computed byrdinary least squares regression analysis of deseasonalized mmwtiuhy
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average was replacel by average concentration of the same month over thei2000 period
introducing an error of up to 1.6% for 10% missing values (no more than 10% of missing values were

observed in our dataset).

Figure 1. The locations of the Pp4 monitoring sites in Arkansas.
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between two sites were computed to evaluate concentration gradients in the [ER)R8]

The PM, s monitor atthe NCore sitavas the reference siteecause was centrally located to the study
region, had the most complete PMlataset and detailed data of PMhemical content and other
criteria air pollutantsvere also availableThe relative concentration differences were computed as the
percentage of the absolute concentration difference to the reference site conceRwative. values
indicate that PMs concentrations at the site were higher than thusasured athe NCore site

The coefficient of divergenceCOD) was used to assess the spatial uniformity of measurements with

respect to the concentration levetsg(ation(3)) [28,29]

1. ac - C, ]
COD=_ |- &L "*q

n = g:ij +Cy 9

3
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wheren is the total number of paired measurements, grah@ G are the measured concentrations at
the reference and comparison sites onittte month, respectively. COD values vary from 0 to 1
with COD values close to unity being suggestive of strong spatial varjaggzp]

The mean annual PM mass concentration for each county was computed by calculdiing
average ofinnualPM; smass concentration for 0. 0.2° usingkriging andaccounting for elevation
boundaries and restrictioms ArcMAP (Version 10.0ESRI, Redlands, CAUSA) [30i 32].

3. Results
3.1.PM; s Annualand Spatial Trends

Table 1 presents the mean and standard deviat)oof the PM s mass concentrations during the
study period, the annual BMtrend (istandard error (s)), the median dndf absolute and relative
concentration differences and the mean (is) COD value for each of the 18 bgasiean PMs mass
levels demonstrated very little spatial variability, from 11.0 to x32r°. The highest mearPM, s
mass was measured in the lattRock/North Little Rock sites (arl0, arll and arl2) and nearby
populated regions, from 12.0 to 1&g/m® (ar4 site in Conway and ar9 site in Russellville) followed
by PM, 5 levels measured in the West Memphis dged). The lowest PM;s levelsin populated areas
weremeasuredn the outhwest &r8) andnorthwest @rl5 regions

Table 1.The PMsannual trend¢mean tst.error) absol ute (@C) and r el
concentration di fferences (compared t o tr
(meant standarcerror)in Arkansas monitoring sites

. Annual Trend pC %pC/ Ref
Site 3 - - COD
(eg/m’lyear) Median SD Median SD

arl T0.3 N T0.9 35 1T8.1 74.5 0.19 +0.02
arl T0.5 N T1.0 438 18.2 1228 0.19 +0.03
ar3 T0.4 N T0.5 44 T4. 4 83.5 0.18+0.01
ard T0.3 N T0.7 31 16.2 1035 0.19 +0.03
arb T0.2 N T1.0 34 1T9.3 31.7 0.20 +0.04
aré T0.2 N T1.1 45 T10. 120.3 0.22 +0.05
ar7 T0.3 N T1.1 45 1T9.1 87.8 0.20 +0.04
ar8 T0.1 N T1.5 44 T13. 109.9 0.21 +0.06
ar9 T 0 +@4 1T0.7 40 15.09 36.3 0.18 +0.01
arl0 T0.3 N - - - - -
arll T0.3 N 0.3 3.0 2.5 88.7 0.16 +0.01
arl2 T0.3 N 0.1 2.7 1.3 58.3 0.16 +0.01
arl3 T0.1 N T0.7 44 1T6.9 1275 0.19 +0.03
arl4 T0.3 N T0.6 46 1T5.7 1340 0.18 +0.04
arls T0.2 N T1.4 47 T13. 39.3 0.21 +0.05
arl6 T0.3 N T0.7 38 16.1 1083 0.20 +0.04

The highest absoluteqC) and relative C/Ref) concentration differences varied fram.1
(for ar6 and arites) to 0.3eg/n? (for arl1) and from 13.9% t02.5%, respectively. The COD values
for each site range from 0.3#60.00 b 0.22+ 0.05 For the two background sites, absolute and relative
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concentration differensavere higher than those computed for the urban areags 8dtreasedrom

0.5+ 0.6 t00.1 + 0.3 eg/m® per year with the highest declines isouthen and easern Arkansas
(arl, ar2, ar3 and arFigure ).

3.2.Mortality Reductions

Figure2 shows the annual trends of mortality ratesiforaccidental cardiovascularstrokeand lung
cancermortality and the mean PM mass concentration in Arkans&or all variables, a decreasing
trend was observed, which was more pronounced for cardiovascular (about 21%) and stroke mortality
(~=30%). Nonraccidental mortality decreased by 7% between 2000 &@10 with significant
inter-annual variability that resembled that of lung cancer. For lung cancer, the mortality declined by

only 2%. The annual PM mass concentration in Arkansas decreased from d¢/8° in 2000
to 11.5eg/m’ in 2010(~21%)

Figure 2. Annual trends of P¥s mass concentration, and raocidental, cardiovascular,
stroke and lung cancer mortality in Arkansas.
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The percentageeductiors of nonaccidental cardiovascularstroke and lung cancemortality

attributed to reductions PM, s mass concentrations per county in Arkansas are depicted in Figéres 3
respectively Out of the75 counties, cardiovasculatrokeand lung cancemortality increased in 13,
15 and 40 counties from 2000 to 2010, respectively, mostly in westemh @mntral Arkansas.
For cardiovascular mortality, the reduction of PMin the Little Rock/North Little Rock,
Jonesboro and Bemntalle areafully accounted for the decliningnortality ratesFor rural Arkansas and
the Delta region, up to 50% mdducedprematurecardiovascular deathgas due to PMs reductions
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Figure 3. Percentage reduction of naccidental mortality attributed to PMreductions

for each Arkansas county.
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Figure 4. Percentage reduction of cardiovascular mortality attributdéMgs reductions

for each Arkansas county.
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Figure 5. Percentage reduction of stroke mortality attributed t@ £Mductions for each
Arkansas county.

Figure 6. Percentage reduction of lung cancer mortality attributed tesR&Huctions for
each Arkasas county.



