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Health Risk Assessment of Air Pollutants with a Focus on PM, 5
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Abstract  The purpose of this study is to review current research trends, evaluation cases, and methodologies applied in
health risk assessments of PM, s, aiming to inform policy development and suggest improvements. According to WHO (2025)
data on mortality rates per 100,000 people from five diseases linked to indoor and outdoor air pollution, South Korea recorded
mortality rates of 29.4 for men and 12.9 for women, indicating that men experienced a mortality rate 2.3 times higher than that
of women. In comparison, Japan’s mortality rates for men and women were 57% and 63%, respectively, of Korea's rates.
Meanwhile, China’s mortality rates were notably higher, at 4.3 times for men and 7.8 times for women compared to Korea.
Through February 2024, the most frequently published category in the health risk assessment of air pollution, as reported in the
Journal of the Korean Society for Atmospheric Environment, was policy and evaluation methods, accounting for 22 out of 63
studies (34.9%). The next most published categories were volatile organic compounds (VOCs) and polycyclic aromatic
hydrocarbons (PAHs) (14.3%), indoor and public facilities (12.7%), particulate matter (PM, 5 and PM;) (12.7%), industrial
complexes (9.5%), abnormal climatic conditions (6.3%), automobiles (4.8%), and others (4.8%). This study introduces the
following key research cases related to the health risks of air pollutants: estimation of excess mortality due to air pollutants,
health risk assessment of PM, 5 using the Odds Ratio (OR), regional relative risk (RR) analysis of respiratory diseases associated
with air pollution, calculation of PM, 5 deposition in the human respiratory system, evaluation of delayed inflammation in the
respiratory system resulting from reduced alveolar-interstitial (Al) deposition of PM, 5, estimation of Disability-Adjusted Life Years
(DALYs) attributable to air pollution, and health risk assessment of air pollution conducted by the European Environment Agency
(EEA). In addition, the limitations of various evaluation methods used to assess the health risks of air pollutants were analyzed,
and directions for future research were proposed.
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Table 1. Summary of diseases considered in the 2017 Global
Burden of Disease (GBD) study associated with air pollution
(Thurston et al., 2017).

Global deaths Linked to

Diseases

(% 106) air pollution (%)
Ischemic heart disease
Stroke
@ 617 1
Diabetes
@% 1.37 20
COPD
3.20 41
Lung cancer
1.88 19
Acute respiraatory
lung infections
2.56 35
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Fig. 1. Age-standardized mortality rate per 100,000 popula-
tion in Korea, Japan, and China from five major diseases (see
Table 2) attributable to indoor and outdoor air pollution.

Table 2. Age-standardized mortality rate per 100,000 population in Korea, Japan, and China from five major diseases attribut-

able to indoor and outdoor air pollution. (Deaths/100,000 people)
Korea Japan China
Disease

Male Female Male Female Male Female
Lower respiratory infection 6.77 3.74 3.93 2.06 6.81 574
Trachea,bronchus,lung cancers 6.56 1.83 2.22 0.66 23.23 10.06
Ischemic heart disease 6.35 3.46 52 2.57 33.18 31.89
Stroke 5.21 2.27 2.99 1.86 33.66 28.56
Chronic obstructive pulmonary disease 4.48 1.6 2.38 0.93 29.27 24.04
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Fig. 2. Proportion of research on the health effects of air pollution published in the Journal of Korean Society for Atmospheric

Environment.
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Table 3. Categories and diseases analyzed in air pollution
health risk assessment (Results from a study published in
the Journal of Korean Society for Atmospheric Environment).

Fields Case Ratio (%)

Animal testing

“& 4 10
.

Inflammation & toxicity

8 19
83

Allergies
( ‘W 10 24

Asthma

10 24
Carcinogenicity

10 24
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Fig. 3. Relative Risk (RR) estimation process for Cohort studies.
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PM, ] SE71A| Al W2 AL 94 Mgt ohe
3 2t
T, (h): 2t YT E ol & SF A7
Chazs(pg/m?): g A48 PM, 5 5%
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T Al 7 E 2 FEEE ol F EFARE
I o) w2 S5 9 AL HEES] Afo] fiEo R
SA = S

£

f 18 ol

r

5.5 PM2 52| Al X xZol| mE
E714 g5 XAzt Got
Ma and Kang (2024)2 PM, 5] AT 2= A7to] w
< dHE7Y 5714 BF (Allergic airway inflam-
el o224 o2 Hrlslyich
A9 AckE 7|3
A tde R AAI AAL

mation, AAT)2] |
el A= COVID-19 HAY
2]} vd)7] e
£ Bkl

Balakrishnan and Jacob (2016)-2 A 34 F& Ao
2 AAL A5 5t AT 1 kgl AAT 3 PM, 5
LE%F (Dose)©] 1.58 mg/kgdl A2 H3ch olg2 A
H4 719 AAL S Aol A 8o17] 919l ke
of A1 Arelct

Dose PM2.5 Human (mg/kg) = Dose Mouse (mg/kg) X RKm

Km Mouse
|
O] 1l Km Mousegl— Km Human=

7] A, Ry =

m Human

e Ao

& Fahect

_ Weight (kg)
 BSA(m?)

m

o]7]0]lA], BSA (Body Surface Area)= ARIHoZ Al
Ao £ ]F THA (m?)= FA5] 5 o=mEof
ANA AHEEl= AA|AIS HEZ DuBois and DuBois
(1916)7} AIQFRE Thg =2lo] 7H URtA 0 = AR

v 9.

BSA (m?) =0.007184 X Weight *4* x Height 7>

(’lﬁ

9] Alof|4] Ma and Kang (2024)-2 2H=+ 4312 A
A 71kg, 914 56.8kgo 2 12|11 Al _4 A 1;;
177.2 cm, 94 158.8 cmZ 2tz tUSHATH(KATS,
2015). TtH, A9-§ F9] BFEAFT BSA Balakri-
shnan and Jacob (2016)°] AA2t 0.02 kgt 0.007 m?
£ ol&staint 1=, §el Al Ed o] AAL T
PM, ;s =& (Dose, AAI dosepy 5 (mg))= TF 41

=T =1
ol-g-ato] A=A

O_L.

AAl dosepyy, 5 (mg)
= Dosepy, 5 (mg/kg) X Weight (kg)

HEFHOZ AAIE FTA7= H 28FHE 45

(Day to AAI dosepyy, 5)E T A& F5F3ITh

AAI dosepys 5

Day to AAI dosepy, 5=
Day dosepy 5

T3Y, AAI dosepypy s (mg)'E Day dosepy, s (ug/day)
2 ol thdAgE B dVdA7TE AALE FE
A7l Hl 285 Y5 (Days to AADE AXts,
T @] Aol ol gste HFH O AAL AHY
4= (Days of delayed AAT)E AF&3131th

Ma and Kang (2024)2] A7 Z¥}to] ©h2H, COVID-
19 Mo 2 015t eJAbEke] AEt 9 A}S]. AR A

Sk o] Aeko 7 ols) PM, 5 =yt HAstg o, 1
2 olgt ZA J AR AAL AL S7PF B
ook &, AAL AdYeE HeEEr 7| Ee] Ay

=7 gstElX| M 41 M 2E



o] 7% Aol 12997t o440 19047+
vt Ee]d9 el A Aol 5947, A7t 69

7how Vehe

5.6 CH7|2Yoll 2|g HoEHMEAS
(Disability Adjusted Life Years, DALYs) ™7}
G EAYEAT (DALYs)= 574 dgo = <5
275 A 7 e 71Xbe] Aoy FAAEAE A
Fakoh= Z13xelet 1990 thofl A5 E=Q1E o] %, A
Al Zt=oll A =7t 2 o] A RS Brlohs d &
5 9lom, WHO T =7} 1t A4S vl
EE2HZ A5 Ut} DALYsE Z7|ANY
02 QI3 A o A4~ (Years of Life Lost, YLL)%}
A = Aoll= Qs TSR] 92 AdEol A A
2t 7|7bo]| Hoff FFEE HHFel A= o dgd
4= (Years Lived with Disability, YLD) 2] 3F0. 2 t}-&
Ao = JFEe 4 Qlth of7]of| A, DALYs gto] 245
Sfig Argo] AA| g1kl mx]= 17} Fdo] A=
A& ofn|eith

[¢)

olr
rlr

DALY=YLL+YLD

YLL: 5§74 dgoz Qlsf 7| ot 27|Ah

Health
Disability

. Disabilty |
Y J\
YLD =4.2 years

=1 year of healthy life

Sy

»

PM,s 4| L7 |2E=E UZ 2ol

0z
Okl

oto] SAH Yo S (year)

YLD: A4 F= ol 2 Qlof 217351A] o2 Ao
A AESE 7] 7 o] Aol &= (Disability Weight,
DW)E vtegsto] A= AJolid 4 (year)

9] AlellA 7+ FEo] 4hEAlL that Aok

YLL=NX LYLL

YLD =1xDW X Ly
N: 54 Agho 2 g APzt 4

Lyrp: Bt 7]t~ (year)

1 Aol %

DW: Foll FF ol w2 7H5A]

Lo o) AH7F S ASAG A ] 4

4= (year)

Od 4= 71 do= Qe Ao o|ghel 44 of
Fol 1140l Z7|AFERE 7-9-9] DALYs 4H= 7=
2 Ujeha Aol

Ma and Kang (2021)< WHO (2020)2] =7} 2 A4
E YLL % YLD dlo|8& 2§35t A =2 (PM)
rrEo] T 7|E A DALY (R-DALYs py) S AF

Zote A2 et 2ol Agksiant. of Al A

Life expectance at
time of death
84

YLL =73 years (84 - 11)

/

(5 = 1 lost year of le (DALY)

"~ 4.2 (YLD) +73

Fig. 4. Conceptual diagram for the estimation of DALYs in a child affected by air pollution from age 4 and dying prematurely

atage 11.
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Fig. 5. Health risk assessment of PM, 5 by the European Environment Agency (EEA) (EEA, 2023).
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Table 4. Outline and principle of calculation of each health risk assessment method for air pollutants introduced in this study.

Methods of health
risk assessment

Outline

Principle of calculation

Excess mortality

Estimate how many excess deaths from air pollution can
be reduced annually by reduced PM concentrations

Using the log-linear C-R function of Rabl (1998) with
the Gompertz formula

Odds ratio (OR)

A measure of the proportional excess risk of an event
in a population compared with the risk
in another population

Using the Odds ratio, a statistical measure of comparing
the likelihood of a phenomenon occurring between
two groups

Relative risk (RR)

A ratio of the proportion of disease among the exposed
relative to the proportion of the disease among
the unexposed

A RRis simply the risk (or incidence rate) of disease

in one group (usually the exposed) divided by the risk
(or incidence rate) of disease in another group
(usually the unexposed).

The calculation of PM, 5 deposits on Al is calculated by

.PM25 dgposmon Calculation of the PM,  amount deposited in mu!tl.plymg each (?f the following variables. )
in respiratory the respiratory system (alveolar-interstitial, Al) Activity hours during the day for each behavioral
system P ysy ! pattern, PM, 5 concentration, Al deposition rate of PM, s,
Respiration volume by breathing pattern
An experimental result (Balakrishnan and Jacob, 2016)
Effect of delaying Theoretically calculating how many days the reduced with an AAl-induced PM, 5 exposure (Dose) of 1.58 mg/kg

the inflammation

PM, 5 concentration by various efforts can delay
the Allergic airway inflammation (AAI)

per 1kg body weight of experimental mice is applied to
humans. Calculate the PM, 5 deposited per day for
different targets, and calculate the number of days to AAl.

Disability-
Adjusted Life
Years (DALYs)

The sum of years of potential life lost due to premature
death and the years of productive life lost due to
disability compared to a standardised life expectancy

The sum of the Years of Life Lost [YLL] due to

premature mortality in the population and the Years Lost
due to Disability [YLD] for people living with

the health condition.

The European
Environment
Agency (EEA)
method

The EEA's health risk assessment of air pollution

focuses on the three stages proposed by the WHO (2016),
namely the assessment of human exposure to target

air pollutants, the estimation of health risks from
exposure to air pollutants, and the uncertainty of
estimation results.

The evaluation process is conducted in the order of
selecting the target area - calculating the average
concentration of PM, 5 in the target area - calculating
the population by target area - calculating the relative
mortality rate according to the increase in PM, 5
concentration - calculating the early mortality rate by
target area - and evaluating uncertainty.
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