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1. Source of the health impacts assessment model parameters and the disease data

Table S1 shows the detailed information of those references in the previous research [1],
which includes study areas, exposed population, periods, pollutes, and outcomes. In their
analysis, they referred to 24 research results, includes reviews [10, 13, 15], summary [16],
meta-analysis of the coefficients associating PM2s exposure and health responses [2-3, 18-20],
many of which are the latest research results [2, 4, 16-17, 22, 25], and giving priority to studies
performed in China [2-4, 8, 18-20, 23, 25] to maximize regional accuracy.

According to the literature, PM25 exposure is related to various adverse health impacts.
Health impacts of PM2s were classified to avoid double counting in the successive assessment
step. Health impacts were classified into the two categories of mortality and morbidity impacts.
Furthermore, they were categorized as either chronic or acute impacts. It should be noted that
some health endpoints would occur under both short-term and long-term exposure. For
example, the respiratory diseases include both chronic bronchitis and asthma attacks according
the 10th version of the International Classification of Diseases (ICD-10) report, so adding the
costs of respiratory disease, chronic bronchitis, and asthma attack together will result in double

counting.
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Table S1. The detailed information of the references in Yin’s research

Study area Population Period Pollutants Outcomes Field A;l:(}:;ed
Meta-analysis of
.. . The total health benefit accounted for 1.66%~6.94% of the =~ PM-related health impacts,
Beijing-Tianjin-Hebe All 2009 PMos GDP of this region in 2009. and evaluate health 21
economic loss
Meta-analysis on
e . The total economic cost was estimated at approximately PM-related health impacts,
111 cities in China All 2004 PMuo US$ 29,178.7 million. and evaluate health (31
economic loss
70,947 TSP: SOy Each 10 pg/m? elevation of TSP was associated with a
31 cities in China middle-aged 1991-2000 N, o ! 0.9% (0.3%, 1.5%) increased risk of cardiovascular Exposure and mortality [4]
men and women * mortality
An interquartile increase in the 5-day mean PM2s (6.1
44 senior citizens ug/m3) was associated with a 14% increase in CRP (95% Associations between
Us (age> 60) 9:45-14:30 PMa2s CI, -5.4 to 37%) for all individuals and an 81% (95% CI, 21 ambient PM and markers [5]
6= to 172%) increase for persons with diabetes, obesity, and of systemic inflammation
hypertension.
Cardiovascular and
respiratory hospital
204 US urban counties >200 000 1999-2002 PMas Relative risk1.28% (0.78%—1.78%) admissions associated with [6]
short-term exposure to
PMz2s
. . s Cohort studies:
. Cardiovascular causes of death, a 10p/m? increase in fine . .
United States Ranged 319000 1987 1998 PMi; PMas ~ PM was associated with 8% to 18% increases in mortality ~ _orciovascular mortality 7]
metropolitan areas - 500 000 and long-term exposure to

risk

particulate air pollution
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Table S1. Cont.

Meta-analysis on
. . PMio-related economic loss acounted for 0.09%-0.13% GDP  PM-related health impacts,
Pearl River Delta 18820000 2006 PMas; PMio of PRD in 2006 and evaluate health [8]

economic loss

. . PMao; SO2; Relative risk: 1.039 for PMuio; 1.029 for SO2; 1.033 for NO; Short-term effects of air
Madrid, Spain - 1995-1998 NOz; O3 and 1.045 for Os. pollution on daily asthma 1
Observed Particulate pollution related health effects Review: those evaluated
include increased respiratory symptoms, decreased lung effects of particulate
. . function, increased hospitalizations and other health care ~ pollution at concentrations
80 recently published . Particulate . . . . . .
. . . ) —— Since 1985 . visits for respiratory and cardiovascular disease, increased commonly observed in [10]
epidemiologic studies pollution . A .
respiratory morbidity as measured by absenteeism from contemporary
work or school or other restrictions in activity, and cities in the developed
increased cardiopulmonary disease mortality. world

Switzerland (Aarau, PMio-related RR: 1. 35 (1.11 to 1.65) for chronic phlegm

Basel, Davos, Geneva, PMo; TSP; product}on; 1.27 (1.08 to 1.50) for chronic cough or phlegm Long—term amblept air
age 18-60 1991 production; 1.48 (1.23 to 1.78) for breathlessness during the =~ pollution and respiratory [11]
Lugano, Montana, NO2; O3 ] .
Payerne, and Wald) day; 1.33 (1.14 to 1.55) for breathlessness during the day or symptoms
Y ’ at night; and 1.32 (1.18 to 1.46) for dyspnea on exertion.
16,926 premature deaths from all causes, including 11,612 Health impact assessment
23 Apbheis cities age 230 1999 PM:s cardiopulmonary deaths and 1901 lung-cancer deaths of long—te;nl\l/I S:posure to [12]
. . Review of air pollution and
Malaysia —— —— —— See more in [13] health impacts [13]
0.76% (95% confidence interval = 0.47 to 1.05%) in i};f’;fe;im;retflfcelisg
29 European cities —— Short-term PMio cardiovascular deaths and 0.58% (0.21 to 0.95%) in P [14]

cardiovascular and

respiratory deaths respiratory mortality.
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Table S1. Cont.

Excess risk per 10 ug/m? increase in PMzs exposure was 6%

Long-term air pollution
exposure and cardio-

—— —— —— PMas (95% CI 4, 8%) for all-cause and 11% (95% CI 5, 16%) for . . [15]
. . respiratory mortality: a
cardiovascular mortality. roview
Summary: Air pollution
European All Long-term  PMio; PMas See more in [16] public related health [16]
burden
Us 220 20042005 oM 10 pg/m? increase in PMas exposure (2004: 0.77 [95% CI betw&i?@dz&o‘;me (17
age= > 0.39-1.25], P 0.001; 2005: 0.81 [0.48-1.07], P 0.001) : ° EXp
and diabetes prevalence
PM:s5 concentration increased 10pg/m?, a 0.40% (95%Cl: Meta-analysis:
. ) 0.19%~0.62%) increase for all-course mortality, 1.43% (95%Cl: ) )
China All Long-term  PMio; PMzs 0.85%~2.01%) increase for respiratory death and 0.53% PM rieiiateacclt};ealth (18]
(95%CL:0.15%~0.90%) increase for cardiovascular death p
Meta-analysis:
. PM2s; PMi;;  The total economic cost of health impacts account for 1.03% PM-related health
Shanghai All 2001 TSP of GDP of the city. impacts, and evaluate [19]
health economic loss
. . Meta-analysis: Air
China All 1990-2002 PMZ;;Sf)Mw' See reference [19] Particulate Matter [20]
-related health impacts
In western European cities it was found that an increase of 50
pg/m? in sulphur dioxide or black smoke was associated with The associations
e a 3% (2%, 4%) increase in daily mortality and the between all-cause
12 European cities in SO2 and L o) /o o 1 i .
the APHEA project —— —— PMuo corresponding figure for PMio was 2% (1% to 3%). In centra mortality and ambient [21]

eastern European cities the increase in mortality associated
with a 50 pg/m? change in sulphur dioxide was 0.8% (-0.1%
to 2.4%) and in black smoke 0.6% (0.1% to 1.1%).

particulate matter and
sulphur dioxide
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Table S1. Cont.

A hazard ratio (HR) of 1.08 (95% CI: 1.05, 1.11) for dementia,

Long-term PM25

The Northeastern 9.8 million 1999-2010 PM an HR of 1.15 (95% CI: 1.11, 1.19) for AD, and an HR of 1.08 Exposure and [22]
United States (age>65) * (95% CI: 1.04, 1.12) for PD admissions per 1-uig/m3 increase Neurological Hospital
in annual PM2s concentrations. Admissions
69716 NOx; SO2; The relative risks (RR) for hospitalization for every 10 pg/m? Ambient air pollutants
Hongkong L 200-2005 Os3; PM2s; increase in NO2, Os, PM10 and PM25 were 1.028, 1.034, 1.019 and hospitalization rates [23]
admissions )
PMio and 1.021, respectively for asthma
Long-term exposure to
Particulate Each 10 pg/m? elevation in fine particulate air pollution was Oﬁﬂﬁgfgﬁ?ﬁ_eczgse
50 states in US 500000 adults 1982-1998 . associated with approximately a 4%, 6%, and 8% increased p ! [24]
pollution . . . lung cancer, and
risk of all-cause, cardiopulmonary, and lung cancer mortality )
cardiopulmonary
mortality
Air [25]
China All 2012 pollution See Table S3 Baseline incidence rates
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As aresult, Yin utilized the ICD-10 report to avoid double counting of PM:s health impacts.

According to the ICD-10 disease classification, there are six main categories of diseases related

to the PM2s pollutants: circulatory system disease; respiratory disease; endocrine, nutritional

and metabolic diseases; neoplasms; mental and behavioral disorder and nervous system
diseases. The main ICD-10 health endpoints related to PM:sare reported in Table S2 together

with their ICD-10 codes and the sources reporting their epidemiological evidence.

Table S2. PM:s-related health endpoints according to the ICD-10 reports and

literature evidence [1]

Mortality
Diseases of the . .
circulatory system [IX] Neoplasms [II] Diseases of the respiratory system [X]
Cardiovascular
Chronic Mortality [151.6] [7] Lung cancer
" mortality [C34.9] Respiratory mortality [J00-J99] [15]
mortality Cardiopulmonary [24]
Mortality [127.9] [12]
Acute Cardiovascular . .
mortality  mortality [I51.6] [14,21] Respiratory Mortality [J00-J99] [14]
Morbidity
Diseases of the Dii?;i;;i;he
circulatory system [IX] system [X]
Respiratory
A‘;}”;f diseases [6]
it
moroIatty Cardiovascular disease A cute bronchitis
[151.6] [6] [J20-]22] [8]
Asthma attacks
[J45] [9]
Endocrine,
. nutritional and Diseases of the Mental and
Diseases of the . .
respiratory system [X] metabolic nervous behavioral
P Ty 5y diseases system [VI] disorders [V]
[1v]
Chronic bronchitis [J41] Diabetes [E11] Alzheimer [G30.1] .
[11] [5,17] [22] Dementia [F03] [22]
Chronic Mild cognitive
bidit disorder[F06.7] [16
MOTPIY " Asthma attacks [J45] [9]  Obesity [E66] [5] Parkinson [22] : [ ]‘[ ]
Childhood autism
[F84.0] [16]
Internal
Undefined Restricted activity day me'dlcme‘ ‘ Pedlat%‘l‘c outpatient
[10, 13] outpatient visits visits [10]
[10]

Notes: An empty cell means that no health endpoint has been reported in that category according to the
authors” knowledge; “[code]” denotes the disease classification code according to the ICD-10 report.
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Moreover, based on the health impact identification and classification, PM2s health impacts
were estimated for cardiovascular mortality, cardiopulmonary mortality, lung cancer mortality,
respiratory mortality, chronic bronchitis, cardiovascular hospitalization, acute bronchitis, and
asthma attacks. Exposed coefficients in Yin’s study were selected according to those studies
(Table 1), different health endpoints selected the latest research results in their field separately,
as shown in Table S3. If there were several studies describing the exposure-response function
for the same health endpoint, they used the pooled estimate to get the mean and 95 percent
confidence interval (CI) of the coefficient. This meta-analysis method was based on the variance
weighted average across the results of studies with available quantitative effect estimates
(coefficients or relative risks). Studies with lower standard errors had more weight in the
resulting joint estimate. In addition, some studies using TSP and PM2s for exposure assessment
were also included in the analysis. The following conversion factors were applied for different
particulate matter indicators: PM10=TSPx0.65 and PM25=PM10x0.65 [20]

Table S3. PM2s exposure-response coefficients and baseline incidence rates for the

analyzed health endpoints [1]

Exposure

Health impact . Population Bi (CI=95%) Ey;
time

All-cause mortality Long-term All 9.00E-04 (0, 1.8E-03) [4]  6.14E-03 [25]

Cardiovascular mortality Long-term All 5.30E-04 (1.50E-04, 2.69E-03 [25]
9.00E-04) [18]

Respiratory mortality Long-term All 1.43E-03 (8.50E-04, 5.80E-04 [25]
2.01E-03) [18]

Lung cancer mortality Long-term Age>15 3.40E-03 (0.00E+00, 4.97E-04 [25]
7.10E-03) [4]

Chronic bronchitis Long-term All 2.7E-03 (7.62E-04, 6.94E-03 [2]

4.64E-03) [3,19,20]

Cardiovascular hospital Short-term All 6.80E-04 (4.30E-04, 5.46E-03 [2]
admission 9.30E-04) [2]

Asthma attack Short-term All 2.10E-03 (1.45E-03, 9.40E-03 [2]
2.74E-03) [23]

Acute bronchitis Short-term All 7.90E-03 (2.70E-03, 3.80E-02 [2]

1.30E-02) [8]

Lastly, considering that both of our study areas belong to China, and their article has just
been published, our research was conducted at a similar time in terms of timeliness. Taking the
above factors into account, we believe that their results are reliable, and cited their

meta-analysis results as the source of disease data in this study.
2. Assumption cells and forecast cells used for uncertainty analysis

The uncertainty analysis covered PM-2s exposure concentration, exposure-response
coefficients, and health-related economic loss per case. In addition, AHC values were calculated

based on the per capita GDP, and because the uncertainty of this estimate was unknown, the
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uncertainty of economic losses from mortality estimated using the AHC approach was not
included in this study:.

First, we built assumption cells (see Table 4) in Crystal ball software according to the above
uncertainty analysis, and their probability distribution obtains from the results of previous
studies (see Table S4).

Table S4. Assumption cells and assigned probability distribution [1]

. ) Probability Values .
Assumption cells  Health impact L. Units
distribution Mean (Std)
Exposure-response
. Lognormal See S1 m3/pg
coefficients 3
Exposure
Lognormal pg/m3

concentration C

VSL: 232,000

Economic loss for All-cause (1.43) US$in

) ] Lognormal
premature death j mortality 2012

AHC: 132,000 (1)

o Chronic VSL: 13,000 (1.43) US$in
Cost j (diseases) . Lognormal
bronchitis AHC: 7,000 (1) 2012
Cardiovascular )
o . US $in
Cost j (diseases) hospital Lognormal COL:1600(1.23) 2012
admission
e US$in
Cost j (diseases) Asthma attack Lognormal WTP:7(1.27) 012
o Acute US $in
Cost j (diseases) . Lognormal WTP:9(1.25)
bronchitis 2012

Then, we built forecasting cells (see Table S5) with equations (to calculate health economic

loss by VSL) and dependent assumption cells.

Table S5. Forecasting cells with equations and dependent assumption cells

Forecasting ) )
Equation Assumption cells
cells
Exposure-response coefficients (3
Total ciecC Exposure concentration C
_ EC;; = Pop; * Ey; * eF€imC0) x Cost; _
economic loss Cost; Economic loss for health

endpoint j (diseases)
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3. PM:zs-related health impacts and changes in all-cause mortality from 2014 to 2016 in 190
Chinese cities

See Appendix S3: PM:s-related health impacts and changes in all-cause mortality from 2014 to
2016 in 190 Chinese cities.xls

S4. PM:s-related economic losses from health impacts and changes in total economic losses
from 2014 to 2016 in 190 Chinese cities

See Appendix S4: PMozs-related economic losses from health impacts and changes in total

economic losses from 2014 to 2016 in 190 Chinese cities.xls
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