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Abstract

There seems to be a consensus among most people that visibility impairment is the most obvious indicator of air
pollution. While considerable evidence on the association between air pollution and health outcomes including
death and disease have been established, based on industrial complex areas or huge urban cities, time-series, case-
crossover and cohort studies, scarce literature exists on the direct evidence for the association between visibility
and adverse health outcomes. Our study is assessed the effect of air pollution measured by visibility impairment on
respiratory mortality over a period of six years. Relative risks in respiratory deaths were estimated by a Poisson
regression model of daily deaths between 1999 ~2004. Daily counts of respiratory deaths as dependent variable
was modelled with daily 24-hr mean visibility measurements (kilometers) as independent variable by means of
Poisson regression. This model is controlled for confounding factors such as day of weeks, weather variables,
seasonal variables and PM,,. The results in this study is observed the statistically significant association between an
inverse health effect and visibility during the study period for respiratory mortality (percentage change in the
relative risk for all aged —0.57%, 95% Cl, —1.01%~ —0.12%; for 0~ 15 aged —7.12%, 95% CI, —13.29% ~
—0.51%; for 65+ aged —0.43%, 95% CI, —0.93% ~ —0.06% per 1 km increased in visibility). The effect size was
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much reduced during warm season. Visibility impairment resulting from air pollution is strongly associated with

respiratory mortality, especially for children may be spent at outdoor. Qur result provides a quick and useful

indicator for eliciting the contribution of air pollution to the excess risk of respiratory mortality in Seoul, Korea.

Key words : Visibility, Air pollution, Respiratory mortality, Time-series analysis
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Total population : 9,820,171 persons
Children (< 15yrs) : 1,619,296 persons
The elderly (=65 yrs) : 710,844 persons
Traffic density : 2,888,932,908 vehicle/year

Fig. 1. Location of monitoring stations, population demographics and traffic density in Seoul. The circles mark the
location of 27 monitoring stations for PM,, mass concentration and the triangle marks the location of the

monitoring station for visibility.
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Table 1. Schematic procedure of building a model to
describe the variation in the daily resiratory
deaths of all age in Seoul, 1999~ 2004.

Description of model AIC?

Time

T, : smoothed function of date 2425.475

T, : T, +indicator variables for day of week 2422451
Weather

W : T,+smoothing function of TEMP"+HUMD*® 2385.167

+PRESSURE? T

Pollutant (covariate)

P:W+PM,, 2373.896
Visibility

V : P+visibility 2370.841

*Akaike’s information criterion, "Air temperature, “Relative humidity,
Barometric pressure
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Table 2. Summary statistics for daily respiratory deaths, pollutants, weather and visibility in Seoul, 1999 ~2004.

Percentile |
Variable N Min® Max®  Mean  SD' IQR°
251h Solh 75(h

All aged 12205 0.0 4.0 5.0 7.0 21.0 5.6 2.7 3.0

Respiratory 0~15 aged 127 0.0 0.0 0.0 0.0 2.0 0.1 0.2 0.0
death counts 16~ 64 aged 2182 0.0 0.0 1.0 2.0 8.0 1.0 1.0 2.0
65 aged 9896 0.0 3.0 4.0 6.0 17.0 4.5 2.4 3.0

Visibility Visibility (km) 2192 0.5 8.3 12.3 159 273 12.2 52 7.6
Air pollutants ~ PM, (pg/m®) 2192 10.3 42.1 61.1 82.6 1016.4 68.5 482 405
Temperature (°C) 2192 —-15.7 42 14.3 22.0 30.4 13.0 10.1 17.8

Weather Relative humidity (%) 2192 26.0 52.5 63.0 72.9 95.8 62.9 142 204
Barometric pressure (hPa) 2192 990.7 1009.8 1016.0 10223 1039.2  1016.1 8.1 12.5

“Number of sample size, "Minimum, “Maximum, “Standard deviation, *Interquartile range
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Fig. 2. Daily number of respiratory death count for all aged

-term time trends in Seoul, 1999 ~ 2004.
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Fig. 3. Relative risk (RR) and 95% confidence interval (Cl)
for the relation of visibility and respiratory death
of children (0~ 15 years old) according to various
lags, in Seoul, 1999 ~ 2004.
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Fig. 4. Log relative risk of respiratory death count (all
aged) vs. the visibility adjusted for long-term time
trends and weather information in Seoul, 1999~
2004. The dashed lines give 95% confidence limits,
and the vertical lines along the x-axis indicate the
number of observations.

Table 3. Pearson correlation coefficients between daily mean concentration of air pollutants and weather variables

(N=2192 days).

Variable  Visibility PMy, Co 05 SO, NO,  Temperature  Humidity = Pressure

C —0.46 —-0.29 0.01 -0.27 ~0.34 -0.17 -0.59 0.28
Visibil 1.

{stbifity W (<oon (<00 ©91)  (<001)  (<001)  (<001)  (<001)  (<0.01)

PM 1.00 0.35 0.04 0.38 0.43 -0.09 —-0.09 0.05

10 ' (<0.01) (0.07) (<0.01) (<0.01) (<0.01) (<0.01) (0.02)

co 1.00 -0.29 0.82 0.62 -0.42 —-0.09 0.44

: (<001 (<001 (<001)  (<001)  (<001) (<000

0 1.00 -0.15 ~0.15 0.53 -0.16 —0.46

} ' (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)

0.65 ~0.42 -0.22 0.42

50, 1.00 (<0.01) (<0.0D) (<0.01) (<0.01)

-0.23 -0.19 0.34

NO, 1.00 (<0.01) (<0.01) (<0.01)

0.39 -0.77

Temperature 1.00 (<0.01) (<0.01)

L. —0.48

Humidity 1.00 (<0.01)

Pressure 1.00

Note : The parentheses are p-value.
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Table 4. Pearson correlation coefficients between various particle concentration and visibility in Seoul, 2001.

Visibility PM,, CH-2 CH-3 CH-4 CH-5 CH-6 CH7

Visibilit 100 -0.62 —077 Z0.63 ~0.50 ~035 —0.17 Zo13
: (<0.01) (<001) (<001 (<0.01) (<001) (<001 0.02)

. 100 0.51 0.56 053 0.56 0.52 0.48
10 : (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
0.85 0.66 0.38 0.09 ~001
CH-2 L0 coon (<001 (<001) 0.12) (0.94)
0.94 0.67 0.29 0.15
CH-3 1.00 (<001) (<001)  (<001)  (<001)
0.85 0.48 0.31

CH-4 1.00 (<001)  (<00I)  (<001)
0.85 0.70
CH-5 1.00 (<001)  (<001)
0.94
CH-6 100 (<0.01)
CH-7 1.00

Note : The parentheses are p-value; The size range of CH-2, CH-3, CH-4, CH-5, CH-6 and CH-7 are 0.50~0.82 jun, 0.82~ 135 um, 1.35~223
pm, 2.23~3.67 um, 3.67~6.06 um and 6.06 ~ 10.00 um, respectively using OPC (optical particle counter) measured at KMA site.

Table 5. Estimated percentage change in the risk of respiratory death and 95% confidence intervals associated with
unit increase in the daily average visibility with selected best lag time in GAM model® in Seoul, 1999 ~ 2004.

All season Spring Summer Fall Winter
Age group - —
RR" % 95% CI° RR % 95% CI RR % 95% CI RR % 95% CI RR % 95% C1
All aged -057 -101~-012 000 -104~1.04 045 -043~133 -0.66 —159~0.29 -041 -1.55~0.75
0~15aged -7.12 —1329~-051 -605 -18.92~8.87 -3.75 —16.59~11.06 —-0.96 —1520~15.69 —12.16 —23.82~1.28
16~64aged -020 -1.26~087 —1.82 -417~059 164 —0.38~3.70 075 -1.53~3.08 —023 -290~2.53
65 aged -043 -0.93~0.06 068 —047~185 042 -058~142 -098 -201~006 —049 -1.75~0.79

“This model includes the following variables for day of week and air particle matter, and smooth loess function of date, temperature, humidity, and

barometric pressure, *Relative risk, “Confidence interval.

A9 Adastg veblided, ogdt Ade A
Aoz =3 qrjegde] 5] B vz 3¢
€ vEbA skx of 69 A Hrled $Fo F
AHel & el Aoz HrRde(ad 3).

a7 4s AR A Az g 2E7)A A
o} Al =3tel BAE vlRSA wpgel o) o}
B 2o 22X, A1 o] F7iRlel wheh Abuke] Abw)
A= ol APH o= 22gE Yeple] & A7
A 71T AR Frkel Abg el gy o)
g AAEET =3 A1 A A Tk
A olF T A o] Yehdrhe oul= 7o

g +29 A i AEE AU 25 2
e FoPL 4 ok Ag Bzt
3E

3=

594 AlAe]l 1km Z7igtel whel 3.57)7)

FFHANBAHIHNA F 23 ASE

Abre] oA - AAE A9l =S A A s
AAA=e) 34 AAe) 1km Z713kel) @ AR
o2 Fo3siA A Hsl =7t 0.57% (95% 4127k
—1.01%~ —0.12%) 7t4s= A3E Jehigen,
53] of el B tfr) el RIFtEcla s
I 3 154] o]3} o ole] ALell: BARH . &
31A APl =) 7.12% (95% A F 73k —13.29%
~—0.51%) 7}4she Aoz ey o3 Az
7129 900N Bnug ulg Zeo] irley 1
A o7elg} wgle] gleiA Abdslsxe) =
717V 7kE #HAE 4 YR E 53 F2 Al
ARE A& QiR ohs ofe)#hEo] 32 o]
7h o q17bsHA kg e AE FHUg 4 glgld
1998488 200197449 g AFATE ke



d7)ed AzzAe A DE 3E7)A Azre] dRAel #a AAQH 47 571

2 49 U7)e =23 Ao Fg A o
FAME wAHA mde QT Al e
(1.5% Z7hell ¥lsh oi=el 4.5% Z7helAl & &
A EE et uh IEhEEA % 2003).
H. £ DTN Aol 10km Z7HE o
mheh BAM o folaA E/A Al o 8%
Zasie] & Apsh §41} A9HE 875930 (Thach
et al., 2004). £3, o] AR e el
918 ARHIY D3] AR AN =S A
@ A mE ARelA ofRelr} A1 2 e 2
+ Aew dehtm 53 AgAedr 1 sls=e)
2717} B Ao el 20 ol wA ehde
SRR

4. 10 &l

AL Betoz Aol 4] Uub FHIENAE
Az 2o Axz AAHI glen, 53] gr]e 4
A F 7 Al S8 Aoz nuHy e
A7) F vl 2 AAAE debde], M|
Aol 28k b7 2] deH] A w2 dTA =t
Geb 3 QTN olelR AYE dr) F Al
WA sl AEE BT ol A4 Wi 5F
A7) Aprel BAAE AR Ak Aol Fohe
o @t 35714 A st AR o8
A s 53, 98eEe) wa drles
Aken THHE 154 ofsh oj2lo]o) A4l
s} o =A) vehde Fsiele

20054 A& AzF mEFLE oF 30 del A
oz wus)m gle] AFAAA A3 NEHE 1A
AAg AH Fohel £ Helew Az & Ut
1 1. ol ® A5 wAEA WE] o
Fe ofilel we Adwzel e o] AuelA
oS AR & glen $E8 Fste] AT 4R
£ 7o) sl At R s 228 4
A wEaA] grel W Ak fE3 @& FAIF
o2 SFolx ARetag 2T 4 e Aoz
B 31551 9)v}(Seinfeld and Pandis, 1998). =3t o &
A o Folr Baet whgol oJs) 44N BARA)
A Ayohell Feid 4 9lor], B3] o]F TE Wl
o) W7ol BA1E 2] FHIA W2H O]

298do] o] F3m FAH 23 edEA ] A=A
I YE ez Ad#A gieh(A9A 5, 2002). 34,
£ A7 Fe] et d7]eqds AR
BAE Asind, $4 12 g7]eq Az Al 3
el SO8 COT A3 sk FAE e
oglonk AHgAb wlEel 93 & W NOo
F3 3} 5o] F3kE W= PM 5 e
FAE Heolx vk 2B AR AsellE Tt
712 AL AT el EFsta A3 A
Hi YA &€ FAF 4 A olHT ol f=
T A #-A ] ZHE 2 7] F AR s
=7F AAE S 3lA o] Wl Aoz k.
718 AR B % ez shed v
o2 7L e W FFoh AEE THT £ 3ie
A= E AR A% F 1L5me] FxelelA
53 w3ke) AEE vietun WePdE Aol E
W HAaAAE 753k AR 7] o3 of
el F2 A%e Y 58 ddew I EE
A g o4 A gl 5 o AL N
Q9] A=t 53], Wsrh AT ofztell= WA
Wale] edgFg e 5 glom, 7 FAwg £E
22 o) Azt A} 9ol xR HA AA
of AAHE EAA e AFFHAIA % 2002). =}
273954 71°94%(2003)0] B3} wpe} zro] A
u A A o] el ofabstakEt ojAkshd Ao 2
Aegedq Aargs 2Aad 3 H713EE da
iz ol ofME s B2 o ot 2
ATFAME AapAe] o gz Qlete o gl
T BAo) o) folA)A gkt 22y ol2i3 Al
Aol = B73ha A2 Apde] A9 AlEAA A
7ol At Aztegde) w2 wel dAHIL 3l
e Ae 2 o 2 d7elA AR Hred

iz 4

I

EX

Amo] BAAA 7 Fadt 1l
Wz} AEWE, 7|4eql, AAEFAAY] F3, &
o Ho] ofgko= Q13 Wz}
vhol) mel 28 ek £ dTelA = GAME AHg-3t
o old wehahg-& RASIT, AL 7 FE
719} =2 ponparametric smooth function& A}&3}
93 o9 AW 4= (dummy variable)® 2] 3}eq

J. KOSAE Vol. 23, No. 5(2007)



572 244 ARE - X - WAl -

=l EFAZ B, ol FAH PR A
sl $eliele TR A AAReD 472z
Ampzte) BANE AN %S9 AbeH
3ol AAY ¥4 A% WY 42 97}
e d dedA W7 34 BUEE A ol4e
3 gleh e ol AA $HES duiele) B
A9 magtel 4 egealel wMAgR ek
o Qe 22A ARRE AT S %, 1))
29e) A4 Qielel BFHPAN Aoz =
A BATE 2EH o] Bohss A7) Zol
s mE 99EAEo] 294 (complex mix-

Aol FYLST st Ao] FelAQ A
olct. ol gt Aol M)Fe} Thr)eg) AW AAAY
2 QA = YD 29BUEY HYR dges
B el ehgslel AN we AAD A7E
o) 54 99849 JF¢ paHez Wrlssid
£ AelA a72ze] Qs AL Sl 9
(el Fest A % 2000).

ol % AT o] B APlAE AR 5}
4 WA Bdol Yokm wusw Y FolAwA)
(PM,9% 2AARE) A2 Qs BN 23}
e Heloh A2 33T 5006 o= Fulx
W) Ame) nehgos AxrIz Bt A 27
H PM,s Ao SAelH 2UEY @ PM, =
& olgstel ARG TR F olF EAR A}
dre) Qe FHssh o A AR
(PM, % 557148 APzl EAMo= g
e ANSE oL EAH 2] Ao
2 A8 PMost PM,2te) ARl 91888 Hlamsin)
259 AT FPHA AR NS s8N
FulARAY ARsme) H AEARe 27
ol RestAn WA FFeInt % HAs7)
44 9w 1 ddosy Y wARA g
AEY 4 e ASeEd 9T 977} Beste
Pk Cho eral. 2007)2 &4 7] % mlAR
A Magert AR 25714 R 48RA 27)
Azl BAHCE $9% WAHo] JgE BT
slef t7] % ulARAL Ax2A A5BES} Ao
Froe 299 ARYE HASAS. 535, 47 5
ClARA ERlE BAR. A, AL 4E a4
5 SR faedel F85e] 9o} $9T 5=
A% A AmRAo] YjHez 2 v} A

e

A28 G4 A3 AS s

7ol v £ J3FE 7oz R uET 9lo], FA A
7] & wAEAe Awyrz s dE] AMEEA
+ AY yxEvE Aesert A= Rt
HHoz o F83 A& yE2 AL Y&
FAl otk ARXE 52 20043 HA)ZE o A

o9g ez 97 F AR £ B4
A, Ao} Moyt o 0% &2 4
de Jehiglcty Bauslgen, oEd A
Fe x| WA A (surrogator) ZA =t At
A& AAE At & S G EHAE 5 2005).
3] o] dFolA AAE He S gEAeE A
= Awet 29 YA = NS =
4 9lolA dAke] =] BxE sl b HAg

W 9E Al

mN

W kL ek

olst zbo] di7leg oz g AAFE A7t
37 fifAE Wrled £EE AYs W9 4

AE AL B4 Pl BB AT Aol
3T o) F ML B w18 A7) 22
Aok ol a ATRE AL Blede] pEe
A os HAT 4 Y e AL ul g3} A7
o 209 AR, AEA SRS AFA) w2}
o Azl ¥ 7129 2HY Aue B4 U2
o AR ol4she Aol Basirhn B

5 &4 £

B g7 19999 193E] 20045 12971212] A
A AFARE Aoz drlede A=we AA
o] ZF7|A APdell mlX= oJ3Fe FAF Ax A
FEE H5B AR FEAEE 122km e
W, 3F71A APEA F AA A, 1D (0~ 154)),
232l (16~64A4)), =31(654] o]ahe] dd Al
= 747+ 5.69,0.17, 1.0, 4.5 o 2 Jehde} w3
Al A #Fel glo] & dFelA A F
Hak (covariae) 2 2 ALSEl PM, 9} HFHLS 685
ugm’e 2 w7137 7|5e 23atA gtk =3,
Rl WS ol g3te] Al AR Frlel o)
B ZE71A AbRe Adssiezte] $AE 3R
A3, A1A AL A el FH A o] e}
v A7) 5 AHAs 1 AR AR o] Al
HA 35714 A= 2od 5 o Ae g4



W72 AreA) AT 9F sF7)A AbEe] ARAld A3t AALA Ay 573

soleh F AN WAL AN RS
Ikm 271070 SAMe2 folsl Al fis=
7} 0.57% (95% A FF7F —1.01%~ —0.12%) 7+A3}
+ Aste Jephglow, 53] 154 o5t ool
Aol AR fola) AN 7.12%
(95% A FAF-7F —13.29%~ —0.51%) Z}43}= Ao
= b
AgAes, o7l esel et o
AL dvles) $EE AT BASE | 2e
B e A ulge] xedhe A gk
e AL A AT A2 E
Rl AEE o 8Fo2H A A AT
AE AnE Aol o &R S ok =
el o) oleiat di7losd Amsh A 2 4
ol 22 A77L DAF v} ek Werd 2 A7
A oeig ARE W7l 3 rEA F=e) A%
2 87 g AR Waet zFA Ae @
A4E BAR A Aol 27Nl W} 551
At SEss) AR Selal Baskdm %
. Shpagel U dled NgaRes P
£ 154 ola} o] o9} Aol L A=A o 2

A et Agsinh ws E Aol AR
a0 AQA) drles Ae 93 AEA
B9 ke Aol ARel slAT, 7]
o9 429 Axg B Wled ¥ AYo=
Qg =9 AslAse Aoz Hrlesd A
We) w3le WYk ¥ e Az ¥4d &
o1& Aoz 7|uLs

r:i o

7l

dAke]

A% A AR SRR
].

=% 10 2 3

745, whAd <, Al S-od, 7EH S, o34 (2006) M&A] B|AIS]
A (PM, )8 571 A% Ao dBAd AT
shr)] 7] 37 & 8] %], 22(5), 554-563.

FHRA A7 (1984) 2 A9 AN FTEE

A% 270,

H
ot
i
h'.
—{J

21(1987) W7) % SR AA F FH)

oﬂ e T
-‘%%1(1995) e Ade] AAARHEATE S
318 A AD.

274, 714 F(2003) o] 229 TR RE 2F
232 =AY AA gh 8] & st
B BA 8159787837, 19(6), 647-661.

o A3, Z=led, 7)-4-%(2002) 1980 v £}
199099 gelviete) AA w3, s |8 s
3%, 18(6), 503-514.

7143 (2006) A2 vlAmRel o drjed, dFd7

278}3)%], 22(5), 535-553.
&3, o734 (1998) M-eX|He] A Aol Q<loll #HF
A, T 7] B A 83 A, 14(3), 229-235.
o], 7] 2(2001) Thrl 2@l AP HrIE HT o
st A 2 P e, el 817, 34(2), 119-
126.

A3, 2%,

A (2003) OPC (&sH3 A A57)z
2001%4_ MgRA S dlelzze] 4 R2,
13873+ 3) =], 19(5), 515-528.

AAE, 244, o1FH (2005) H3H JAAFTIE ol

200491 A AHAY dejzE: A, I

34 748} 3] %], 14(6), 565-575.

, ol Eel, AR, 354, 7 3, 328, 4, oln
£(2003) M&A W7l oGt A Abeke] AHRA
of #T AAGH AT (1998 ~2001), F=7] %
733}+3]#], 19(6), 625-637.

244, o|FH, £x]9, 21441 (2006) HeREA & 443 A
R U ELPE MEE R DRES 2 B
34 AF(1998~2001), TR BT 3], 32
(4), 304-315.
a7 &d T (1994) MeA e 2nadd AT
(1I).
Cho, Y.S., .T. Lee, C.H. Jung, Y. Chun, and J.Y. Son (2007)
Relationship between particulate matter measured

Jrﬂa‘

by optical particle counter and mortality in Seoul,
Korea during 2001, J. Environ. Health, Accepted
for Publication.

Dominici, F., A. McDermott, M. Daniels, S.L.. Zeger, and
J.M. Samet (2003) Mortality among residents of 90
cities. Revised analyses of time-series studies of air
pollution and health. In: Health Effects Institute,
Boston, MA, 2003.

Garcia-Nieto, P.J. (2002) Study of visibility degradation due
to coagulation, condensation, and gravitational settl-
ing of the atmospheric aerosol, Aerosol Sci. Tech.,
36, 814-827.

Katsouyanni, K., G. Touloumi, C. Spix, J. Schwartz, F. Bal-

J. KOSAE Vol. 23, No. 5(2007)



574 284 ARE- XY - A -

ducci, S. Medina, G. Rossi, B. Wojtyniak, J. Sunyer,
L. Bacharova, J.P. Schouten, A. Ponka, and H.R.
Anerson (1997) Short term effects of ambient sul-
phur dioxide and particulate matter on mortality in
12 European cities: results from time series data
from the APHEA project, Br. Med. J., 314, 1658-
1663.

Kim, K.W., Y.I. Kim, and S.J. Oh (2001) Visibility impair-
ment during Yellow Sand periods in the urban
atmosphere of Kwangju, Korea, Atmos. Enviro.,
35,5157-5167.

Lee, J.T., H. Kim, H. Song, Y.C. Hong, Y.S. Cho, S.Y. Shin,
Y.J. Hyun, and Y.S. Kim (2002) Air pollution and
asthma among children in Seoul, Korea, Epidemio-
logy, 13, 481-484.

Lee, J.T., H. Kim, Y.C. Hong, H.J. Kwon, J. Schwartz, and
D.C. Christiani (2000) Air pollution and daily mor-

dA718A3A] A23W A5z

tality in seven major cities of Korea, 1991~ 1997,
Environ. Res., 84, 247-254.

Pope, C.A. and L.S. Kalkstein (1996) Synoptic weather model-
ing and estimates of the exposure-response rela-
tionship between daily mortality and particulate air
pollution, Environ. Health Perspect., 104, 414-420.

Schwartz, J. (1994) Air pollution and hospital admissions for
theelderly in Birmingham, Alabama, Am. J. Epi-
demiol., 139, 589-598.

Seinfeld, J.H. and S.N. Pandis (1998) Atmospheric chemistry
and physics: From air pollution to climate change.
Wiley-Interscience, New York, NY, USA.

Thach, T.Q., C.M. Wong, K.P. Chan, P.K. Chan, and A.J.
Hedley (2004) Effects of air pollution measured by
visibility on mortaltiy in Hong Kong, Clifford E
Carnicom, Santa Fe, New Mexico, June 2003.



