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" Abstract

ine or ultrafine particulate matter (PM) is a mixture of solid and liquid particles, including
Fcarbon—centered combustion particles, secondary inorganics, and crustal—derived particles.
Recently, ambient particulate matter has been regarded as a serious health problem in the
Republic of Korea. This review focuses on the importance of PM—induced effects, and the
adverse health effects from experimental and epidemiological studies. There is widespread
evidence that short—term increases in particulate matter result in increased mortality and
morbidity in adults and children, even at low levels. Considerable consistency between results
from experimental and epidemiological studies has been observed for many health effects,
including pulmonary diseases and cardiovascular diseases, although the biologic mechanisms of
the health effects are unclear. The adverse health effects are reported to be more pronounced in
susceptible population groups such as the elderly, children, or people with preexisting cardio-
vascular and respiratory conditions. In addition to short—term exposures, long—term exposure to
particulate matter is also associated with an increase in total mortality, cardiopulmonary mortality,
and respiratory morbidity. The present review suggests that despite a considerable amount of
research over the last decades, both epidemiological and experimental studies are needed to
further clarify the issues on the effects of fine and ultrafine particulate matter.
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Figure 1. Air pollution in Korea (Ministry of Environment, 2003)
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Table 1. PM mortality associations for specific causes of cardiopulmonary deaths based on

pathophysiological pathways
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Table 2. Susceptible populations to adverse health effects from PM exposure

Health effects

Who's susceptible
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Mortality

Hospital admission/visit

Increased respiratory symptom
Decreased pulmonary function

Blood viscosity, heart rate variability,

Elderly, Infant and children, persons with
cardiopulmonary disease, pneumonia,
influenza, or asthma

Elderly, Infant and children, persons with
cardiopulmonary disease, pneumonia,
influenza, or asthma

People with Asthma and children
Children and adults
Al

=) WLl

2 =5 AL Ao} glofo]] oJ3kS- 1]
A 27k AAFote] 24 Slslo] 2
dehe o dohw Aol LT 9

pulmonary inflammation
Chronic exposure

increased mortality rates, Al
chronic cardiopulmonary disease,
reduced lung function

Source: modified from Pope CA (2000)

2ol o] HrhH, Al719] H 7ed®E ¢S
T} Gauderman 5(2004)2 Zg|3EL]o} X9
1278 &l 1,759 thato = 10494 18A4|7kA] 8yd7
#7152 72 AR 23 g7 e d=de Bol ==d

o] =% o= et vl #7150l We 7
(127t =84 S7)FFEVIIo] 2712 80% o8t 7-¢)
o= 2AEglo], JUF FAOE
A el e e A £ A o]

s

—l_l

-

|2+ Ao 2 HIsktt H Kulkarmi $(2006)2] &4
T-ollA = AFsAL vl 71712 vl AHR| o] mZH ool 7

]_
G S57A AR &9 e nA|HA] =Fo] M=
SF NI ol IS Halste], AR =22 Qlst
A 715 olde] A&l #HAS Wl eyt
T Kim 5(2005)0] 137} 3lw o AFsl= SshgS o)
FO = gt AFtollA A7} H|7 |5 Asket ddo] /i

Q3 93 aglez Ay e Auke Wk heart rate
ZARFIET, 71A A SS 71 9ol 79
sHA BAo] =2 Ao Wittt 53] @ gt
o] 749 Antonella 5(2002)8] 7| oJalHR|AHA| o
AFEIA Aoz AL o] I

X arskint,

% Qo] Aol A3}

variability) =

E = 7ﬂ
o] = Akl H]3) 2t e Flow B

T A——

Thomas &

65,1808 2] =01 thato 2 n)A|HR]o] =ZE S 73-‘%

ol R 5

—E—*‘Alo} =

J gaFo| Ueh= ks Yol ¢l

, 0] FrollM= m|AHA| F =7} 10ug/ m

J2LS] APE2 1.14% 7 sFSIARE, A

LA 0] 9&91?1 AR 187 ek Fetel| vlsl 2,74, &
o



175~1 825 7| 2 A &3 2006.2.126:29 PMI|°[ %180 NQ3 InPut

SinDC

Past Present/Future

ATE 3H7] fl3l) 1999 3dFH s7)
73S o2 )M HA] AT

High environmental exposure,
Acute health effect,
Direct causal relationship

Low environmental exposure,
Chronic/Acute health effect,
Multi—factorial relation nship

(Particulate matter center)S XA
slof 478 Adtsla glom, A2
ol A7H9E HE Y==2d71A]

_ _ L&l =L L-)olzlo]l o]x|od
Diseases caused by Quality of Life, £ A= AR A
environmental pollution Enwronmental—related diseases, 3F S 93}k ojz] o2 s}
Health promotion o .
1 e, 53 £871 387 A
Aol theh A7t dAf &hids] 7
Figure 2. Environmental health policy in Korea )31 Qlt} n]=ro] AL A =3}

7 REO R olF 2o FLo] QPR wEro] wt
At AP 32 o]3hgdl| tigh Bal $5=%17] wliZol 27]
o] AR AA A (clean air act 5)= 0|23t LFEe] 7
L. wjE 2HE BFox] AP AT sEARE 1900
el 1980t 7kA] 7] ofste] th7] e ol &gt <A
gFel] thet A77F F3] P = ATt 19891 dFE] 19951

d

S 12 g QU= Aso] HalE WA njAHA] 7]

NAEES A2 E9om wl7)7kxe) g
A, 53] FnAHA| ] thgh deh4, S84
(@)

171 Ty = 1

71 Skl A 2= QITH2s),

o
r
LR

29,

et o

ro,
gy
>
ol
=2
=
PN
2,
o
NE
3
32,
lo
—
N
r
=2
uls
0>,
mER=)

o —
(03
il oE o
do
N
—l_l

off' K

fu)
Au)
k]
boss
lo
° 2
N
s
ol
rQ,
4
i
~{
i
S,
AN
|
oo
i

ri,
s
it
=
ot
Lo

il
S
o,
ﬁ
=
=
(2
N

Y, Mo

(Y
£
o
=
k)
>
o i
D)
bl

a o,
L X
©,

rJ

POV

Lo

l

o
ol
8
rlr
__‘T‘_,‘
o
e
=
N
N
FN
e
oX,
2
ofN X,
ko

e

180 oiuzxiol HAHE

gt diarE o] 7 AT (2004 ~ 20144, 3-THE)
= Z8YstaL ) o, HEoll= EPA, NSF(National Science
Foundation), NIOSH(National Institute for Occupational
Safety and Health)l|A “Environmental and human

health effects of manufactured nanomaterials’ = 4| =

=P A YA =) o] 1A $al/d ol thet I+ z13gs)
3L it

Feluetoll e T mlAldA] Hek opu2} =) A|Jxt
(=)ol ek 21231 Hsfid= l2fekal e 2ol

AT} s W H e

£ =
FElvERE A 30~ 4037 543 T3kt =4 He
oF2 Qlste] A2 A& 0% <fslEo] ko, 53] o
=AY B e e AAY ot A AR AR
THe o AREAY eLa=d

2,

(O3 =]
o] SO,, CO, F F-AEU(TSP) e
jui



175~1 825 7| 2 A &3 2006.2.126:29 PMI|° 181 NQ3 InPut

=2
4z
o,
k)
-
o o8
g
£
o
N,
A
N
rlr
O
o o
Py
o
Lm
)
o N
i,
O
o o

o
i)
rd
e
i
O,
o
&

i N o
rJ
=
=2
s
uls

o o
1=
inSs
rfO
_>|i
Hd
rH
jilly
kil
o
s

il old
=
N

&
-

o nf to
il oy
o 1%
oL

ol

o

4 O
p)
Lo rlr

i dlo o

o
o
LI
X
N
_‘_l
20
N
k=)
M et
o
v

K

off K2,
Lo il
o

T
H
1o
[-t {
o,
{0
Lo -
g,
ot
o,
17
MY,
M
e
r
i
Y
1o

o,
tr
o
o,
©°
T
o
E
of\
0>,
1o
o,
)
s
T
2
bt

T
i
rO ‘-ﬂ
s
1o
\
>
1o
oy,
o
ook
o>
Dl
N
k]
Y
oyl
(o
o|\
r
Dl
N
N
4o

=
£
o

N

I(
o], o]

S
Ry
0%
fu}
X,
of\
0,
L {0,
o,
VRN,
Lo
il
o3
r>~l
:?L_',
N
_I_l
(0]
_I_l_l
i

v

ofol| ek A flo] EtsiA| o] FoiA

e

>\1

9,
e
>,\1

O
:
o,
N

i

A0
ol

1. WHO (World Health Organization). Air Pollution including WWHO's
1999 Guidelines for Air Pollution Control. Geneva, Switzerland,
2000.

2. Dockery DW, Pope CA. Acute respiratory effects of parti-
culate air pollution. Annu Rev Pub Health 1994:15:107-132.

3. Schwartz J. What are people dying of on high air pollution
days? Environ Res 1994.64:26-35.

4. Katsouyanni K, Touloumi G. Spix C, Schwartz J, Balducci F,
Medina S, Rossi G, Wojtyniak B, Sunyer J, Bacharova L,
Schouten JP, Ponka A, Anderson HR. Short—term effects of
ambient sulphur dioxide and particulate matter on mortality in
12 European cities: Results from time series data from the
APHEA project. BMJ 1997:314:1658-1663.

5. Pope CA, Burnett RT, Thuston GD, Thun MJ, Calle EE, Krewski
D, Godleski JJ. 2004. Cardiovascular mortality and long—term
exposure to particulate air pollution. Circulation 2004;109:71-
77.

6. Seaton A, MacNee W, Donaldson K, Godden D. Particulate air
pollution and acute health effects. Lancet 1995:345:176-178.

7. Utell MJ, Frampton MW. Acute health effects of ambient air
pollution: The ultrafine particle hypothesis. J Aerosol Med 2000;
13:355-359.

Health Effects of Ambient Particulate Matter égjlﬂ

8. Nemmar A, Vanbilloen H, Hoylaerts MF, Hoet PH, Verbruggen
A, Nemery B. Passage of intratracheally instilled ultrafine par-
ticles (< 80nm) from the lung into the systemic circulation in
hamster. Am J Respir Crit Care Med 2001;164:1665-1668.

9. Ferin J. Pulmonary retention and clearance of particles. Toxi-
col Lett 1994,72:121-125.

10. Oberdorster G, Ferin J, Gelein R, Soderholm SC, Finkelstein J.
Role of the alveolar macrophage during lung injury: studies
with ultra—fine particles. Environ. Health Perspect 1992;97:
193-199.

11. Stone PH, Godleski JJ. First steps toward understanding the
pathophysiologic link between air pollution and cardiac mor-
tality. Am Heart J 1999;138:804-807.

12. Dockery DW, Pope CA 3rd, Xu X, Spengler JD, Ware JH, Fay
ME, Ferris BG Jr, Speizer FE. An association between air

pollution and mortality in six U.S. cities. N Engl J Med 1993;
329:1753-17509.

13. Samet JM, Dominici F, Curriero FC, Coursac |, Zeger SL. Fine
particulate air pollution and mortality in 20 US cities, 1987-
1994. 2000;343:1742-1749.

14. Pope CA 3rd. Burnette RT, Thun MJ, Calle EE, Krewski D, Ito
K, Thurston GD. Lung cancer, cardiopulmonary mortality, and

long—term exposure to fine particulate air pollution. JAMA
2002;287:1132-1141.

15. Pope CA. Epidemiology of fine particulate air pollution and
human health: biologic mechani and who's at risk. Environ
Health Perspect 2000;108:713-723.

16. Hong YC, Leem JH, Ha EH, Christiani DC. PM(10) exposure,
gaseous pollutants, and daily mortality in Inchon, South Korea.
Environ Health Perspect 1999;107:873-878.

17. Hong YC, Lee JT, KIm H, Ha EH, Schwarz J, Christiani DC. Effects
of air pollutants on acute stroke mortality. Environ Health
Perspect 2002;110:187-191.

18. Lee JT, Kim H, Cho YS, Hong YC, Ha EH, Park H. Air pollution
and hospital admissions for ischemic heart diseases among
individuals 64+ years of age residing in Seoul, Korea. Arch
Environ Health 2003;58:617-623.

19. Ha EH, Lee JT, Kim H, Hong YC, Lee BE, Park HS, Chrisiani
DC. Infact susceptibility of Mortality to air pollution in Seoul,
South Korea. Pediatrics 2003;111:284-290.

20. Gauderman WJ, Avol E, Gilland F, Vora H, Thomas D, Ber-
hane K, Mcconnell R, Kuenzli N, Lurmann F, Rappaport E, Mar-
golis H, Bates D, Peters J. The effect of air pollution on lung
development from 10 to 18 years of age. N Engl J Med 2004;
351:1057-1067.

21. Kulkarni N, Pierse N, Rushton L, Grigg J. Carbon in airway
macrophages and lung function in children. N Engl J Med
2006;3355:21-30

22. Kim JH, LIm DH, Kim JK, Jeong SJ, Son BK. Effects of parti-

istolataislxl 181



175~1 825 7| 2 A &3 2006.2.126:29 PMI|° A 182 NQ3 InPut

SinDC

23.

culate matter (PM10) on the pulmonary function of middle—
school children. J Korean Med Sci 2005;20:42-45.

Leem JH, Kaplan BM, Shim YK, Pohl HR, Gotway CA, Bullard
SM, Rogers JF, Smith MM, Tylenda CA. Exposures to air

pollutants during preganncy and preterm delivery. Environ
Health Perspect 2006;114:905-910.

24. \Wheeler A, Zanobetti A, Gold DR, Schwartz J, Stone P, Suh

HH. The Relationship between Ambient Air Pollution and
Heart Rate Variability Differs for Individuals with Heart and
Pulmonary Disease. Environ Health Perspect 2006;114:560-
b66.

25. Antonella Z, Schwartz J. Cardiovascular Damage by Airborne

182

Particles: Are Diabetics More Susceptible? Epidemiology

OlMHX|S AT

o

2002;13:5688-592.

26. Thomas B, Schwartz J. Who is Sensitive to the Effects of Par-
ticulate Air Pollution on Mortality?: A Case—Crossover Analy-
sis of Effect Modifiers. Epidemiology. 2004;15:143-149.

27. Kwon HJ, Cho SH, Nyberg F, Pershagen G. Effects of ambient
air pollution on daily mortality in a cohort of patients with
congestive heart failure. Epidemiology 2001;12:413-419.

28. Pope CA. Air pollution and health—good news and bad. N Engl
J Med 2004;351:1132-1134.

29. Bell ML, McDermott A, Zeger SL, Samet JM, Dominici F.
Ozone and short—term mortality in 95 US urban communities,
1987-2000. JAMA 2004;292:2372-2378.



