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Abstract: Assesment of theeffects of shorterm PMzsexposure on human healthase

of the problens that need to beaddresed within the framework of sustainable
development. The goal of this study is to quantify the heaitmomic impastof PMz s
pollution for a specific province Long An province in Vietnamusing the EnHEBIS
(Environment, Public Health, and Economic Benefit Management Support Integrated
System) software packageThe study outcomg shoved that significant health and
economic effecs could occur in areas with high PM concentrations and dense
population concentrations. Prominerdgsults presentedhat acute exposure to BM
pollution from May to December 2018 caused 265 (95% 12; 422) premature deaths,
which approximately 60% of akarly deathsdue toall-catsedrespiratory diseasefDs)

with 155 (95% CI: 23; 170) cases. Corresponding to the health impacts, the economi
values of Long An province also suffered a loss od@nd1.15% of the total value dhe

gross regional peuct (GRDP)with about 1270 (95% CI:-57; 2,021) billion VNDQ
equivalent toroughly 170 million USD, along with a significant dete in the working

time for theadult group Although uncertainties have remained in this stuldgseresults

have shown the extent of economic, healihd environmental damage when BPM
pollution occurs. Th highlights arethe basis for proposing measures to control and
improvethelocal ambient air quality.

Keywords: Air pollution; PMzs Premature mortality(PMOR); Health assessments;
Economic impact.

1. Introduction

Air pollution issues havecauseddiverse impacts on human health, ecosystems,
tourism and climatg 1i 2], which isidentified as a global health priority in the sustainable
development goals (SDGSs) related to health (Goal 3), cities (Goal 11) and energy (Goal 7)
[3]. In particular, PMo and PM2 5 are among the most widely monitored and studied
components oAmbientair pollution[4]. Outdoorparticulate matte(PM) is considered the
most serious air pollutant in urban arsageit causes negative health effeatsd isalsoa
cause of heasasculardiseasesrespiratory irritationas well as pulmonary dysfunctifs).
Especially PMsis likely to easily penetrate deep into the lungs, reaching the alveoli and
causing greater health risks than IdNdecause the higher surface area per unit mass
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increases the absorption capaciyd condensation of toxic substan¢és Moreover
continuous ade (shoriterm) exposure or lonaterm (chronic) exposure t®M.s can
increase the risk oPMOR [718]. The caus@andeffect relationship betweelM.s
pollution andthe deterioration ofpublic healthfrom acute respiratory and cardiovascular
diseases teelatedchronic diseasesas been fully documented in the medical literaf@ire
10].

As PMqsis an extremelyimportant factor causingmbientair quality deterioration, it
has become a notable research issue in the scientific comnfilifiity?]. Many studis
have been carried out to understand the physical, chemnzhbptical properties ¢tM. s,
andalsoto determine theriving factors affecting the spio-temporalallocationof PMz 5
[13i 14]. The health risk assessment process includes three main compaushtsas
hazard assessment based on air pollution concentrations, individnatability based on
doseresponse functions, and exposure probalfiiizj. Both available epidemiological and
toxicological studies have shown that the smaller thegbarsize, the greater the risk of
human health effects occurrif@t]. Furthermore,dngterm exposure t&®M spollution is
able tolead to increased ridky 6% of PMOR[17]. Based on thetudyresultsby [18 19]
have shown that the number of premature deaths globally temptevtcshargy from 14
million cases in 201@nd is expectetb increase to 3.6 million cases by 2050.

Besides these healthssues have caused considerableeconomic burden due to
growing medical spending, increased number of lestkdays and decline in labor supply
[2]. In 2017, there were about2 million premature deaths in Chimdtributedto air
pollution [20], which alsoresulted ineconomiclosses of 101.39 billion USD, accounting
for 0.91% of the gross domestic produ¢GDP) [21]. According toavailable statistics,
severe smog events occurred in the first quarter of 2013 in China, affeppngximately
13.5% of the land area aratound800 million peoplg2?]. It wasestimated that without
applying a pollution contropolicy in China, the PM pollution problesnwere likely to
cause a loss abughly 2% of the GDP value and 23 billion USD in healthcostsin the
year2030[23].

Based on the overview of previous study outcomes, it is emphasized the need to assess
not only the health effects caused by RMexposure but also the economic losses
associated with these BMrelated negative health impacts. Currently, although the
complex socieeconomic effects of outdoor RMexposure are worthy of consideration.
Neverthelss, mostof the studies are focused on large urban areas in Vietnam, such as
Hanoi and Ho Chi Minh City (HCMC), whilst Long An province is a satellite locality of
HCMC, rarely paid attention to. Also, there is extremely little related information and data
in Long An province. Thus, we chose Long An province as the study area to evaluate
distributions of PMs pollution, one of the most concerned environmental issues, using a
coupled WRF/CMAQ model in the period of May to December 2018. At the same time, a
module of the EnHEBIS software for estimating human healtbnomic impacts was
applied to better understand the health impact of outdoosskposure in Long An
province. How do acute human health effects associated with-tehortPM.s exposure
impact local provincial macroeconomics, as well as what are the levels of economic losses
caused by PMk pollution? It is considered as an advanced tool to enable planners and
decisionmakers to effectively quantify population exposure to outdoor $pbllution
issues.

Thus, the overall approach to conducting this study is the combinatibe d¥eather
Research and Forecast (WRF) model, the Community Multiscale Air Quality Modeling
System (CMAQ) modelanda module of bman health impact estimatioasd economic
loss rapid quantification (Module 3) of the EnHEBIS software. EnHEBIS is the main
product of the Vietham National University Ho Chi Minh City (VNHCM) level project
of type B with code B20220-23. The software allows quantifying benefitsretiucing
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outdoor PM s pollution, public health, and economic value achieved from controlling,
minimizing precursor emissions, and optimizing emissions control costs. The EnHEBIS
software consists of four integrated modules, including (1) Module 1 to calculate and
visualize the improvement of surface air quality under changes of controlled emission
scenarios, (2) Module 2 to quantify the cost of implemented control measures to reduce
precursor emissions, (3) Module 3 to estimate economic and public health benefits or
losses, an@4) Module 4 to aalyze and evaluate the effectiveness of the achieved benefit
cost relationship. Compared to some other models, such as AirQ+ or BeGHARat

merely allow the development of a single computing scenario discretely with many
complex parameters which are almost difficult to access in Vietnam, EnHEBIS is likely to
the setup and analysis of many different scenarios with relevant input parameters selected
appropriately for Vietnambés uni qumunadingndi ti o
areas. Also, the EnHES software has been built into the WebGIS platform and be
accessed through authorized accounts without having to be installed on a computer, which
is considered a main advantage. Therefore, the EnHEBIS software not only allows
calculations but is also used for managing estimating databases simultaneously in a wide
range of different regions.

2. Method

The researcimethodis shownin Figure 1, which isa coupledWRFCMAQ model
system andthe quantification models dfiealthimpact and economic logs(Module 3 of
the ENHEBIS packagesoftware. The couped WRF/CMAQ modelsgenerateddata on
hourly and dailymeanPM: slevelsfrom May to August 2018n the study area. Meanwhile,
Module 3 of theEnHEBIS softwarehas beemuilt to quantifyhuman health effects related
to short and longterm outdoorPM. s exposure PMOR and morbidityrelated impactsre
conveted into total annual health expenditure amdupational injurieper capita due to
PMz s exposure The study scope is linted to estimating and evaluatinghortterm health
effects A brief descriptions tointroduce thecoupledWRF/CMAQ modeling systersince
details ofall setup procegsand model inputs have been preserigd24]. The CMAQ
(version 5.2.7) and WRF (version 3.8) modek were appliedfor PM2 s level estimations
These models have a spatial resolution.0fkBh x 30 km and a modang setupsimilar to

Figure 1. The diagram of research framework steps



