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Abstract Previous national cohort studies in Europe and North America have reported the relationship between long-
term exposure to fine particulate matter air pollution and human health. However, there have been few studies in South
Korea, because nationwide PM, s regulatory air quality monitoring data were not available before 2015. This study aimed to
develop an approach to predicting nationwide annual average PM, 5 concentrations for 2001~2014 using the ratios of PM, 5
to PM;,. We used regulatory air quality monitoring data for PM, 5 available only in Seoul for 2001~2014 and for the entire
country in 2015, as well as national-scale data for PM,, for 2001~2015. Our approach is based on multiplication of the district-
specific annual means of PM;, for 2001~2014 predicted from a previously-developed approach by ratios of annual average
PM, 5 to PM;,. Given the limited data availability to match PM, s and PM,, data over time and space, we explored five
approaches for computing ratios of PM, s to PM,4: 1) an overall ratio based on national data in 2015; 2) a ratio for 2001~2014 in
Seoul; 3) annual ratios for 2001~2014 in Seoul; 4) regional ratios in 2015; 5) regional ratios in 2015 with a spatial adjustment
factor. We validated the models using PM, 5 data for 2011~2014 collected at 24 regulatory monitoring sties in the second
largest metropolitan city in South Korea, Busan. Whereas R? was computed over all sites and all years, spatial R was computed
by using 4-year averages at each site focusing on spatial prediction ability. In our validation, the approach 5 gave the largest
overall and spatial R? of 0.79 and 0.84. Our highly predictive approach for estimating national-scale annual-average PM, s
concentrations for 15 years will allow future cohort studies to investigate health effects of long-term exposure to PM, 5 in
South Korea.
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Fig. 1. Map 84 sites for PM, s/PM;, out of the 226 urban
background sites of the air quality regulatory monitoring
network used in this study for 2015 in South Korea.
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Table 2. Descriptive statistics of the annual average concentrations of PM, 5 and PM,, for 2001~2015 in 16 metropolitan cit-

ies and provinces of South Korea.

PM;o (pg/m3) PM; 5 (“g/ms)
2001 2010 2015 2001 2010 2015
Area
N Mean Mean Mean Mean Mean N Mean
(SD) (SD) (SD) (SD) (SD) (SD)
Seoul 16 71.6(11.0) 24 49.1(33) 25 455(22) 2 47.8(5.78) 24 25.0(1.8) 25 23.3(1.7)
Busan 9 59.6(8.9) 17 488(9.4) 14 46.01(56) - - - - 19 25.6(3.4)
7 mertro- Daegu 5 66.7(8.9) 11 51.1(88) 11 463(70) - - - - 7 25.8(3.45)
politan  Incheon 9 523(5.5) 15 553(59) 15 525(76) - - - - 3 26.0(3.3)
cities  Gwang-ju 3 56.2(13.7) 7 45.34(6.2) 6 425(6.8) - - - - 6 26.3(4.8)
Deajeon 3 48.0(8.2) 7 43.6(24) 8 46.1(38) - - - - 1 29.0(-)
Ulsan 6 54.0(13.1) 13 47.6(5.1) 7 45242 - - - - 5 24.8(3.2)
Gyeong-gi 26 725(15.2) 64 58.0(76) 46 53.0(50 - - - - 9 25.6(3.9)
Gang-won 2 47.8(1.0) 7 509(7.9) 7 50.1(85) - - - - 4 26.5(6.0)
North Chung-cheong 3 62.5(11.9) 7 61.2(7.6) 9 51269 - - - - 0 -
9 South Chung-cheong 3 53.2(6.1) 7 458(6.6) 7 458(5.1) - - - - 0 -
provinces North Jeonla 5 644(19.6) 10 53.0(36) 12 50.7(467) - - - - 0 -
South Jeonla 5 458(11.1) 14 418(70) 16 383(63) - - - - 6 25.1(4.0)
North Gyeong-sang 9 50.8(9.4) 10 47.0(8.2) 11 465(7.2) - - - - 0 -
South Gyeong-sang 6 51.7(143) 13 451(55) 19 46.2(53) - - - - 11 25.5(3.4)
Jeju 1 46.7(-) 3 483(3.6) 2 459(07) - - - - 1 23.4(-)
All All 111 61.4(15.0) 229 51.4(8.6) 215 47.9(6.8) 2 47.8(5.78) 24 25.0(1.8) 97 25.0(3.4)
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Fig. 2. Box plots of the annual average concentrations of (a) PM;, in South Korea, (b) PM;, in Seoul, and (c) PM, 5 in Seoul for
2001~2015 (N: the numbers of sites; Boxplot: upper and lower whiskers = 1.5 * interquartile range (IQR) from 75% quantile
and -1.5*1QR from 25% quantile; upper and lower limits of boxes=75% and 25% quantile; solid line in the middle of
box =median/ 50% quantile).
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0.49~0.79%1tH (& 3). 33t BAAEZ LA} (spatial  m*)? 7Y &2 A5 (0.79)F E At o]t
RMSE)E 5.82~19.66 ug/m’, 37t AA5 (spatial =2 o522 Aotrte] Hlolg AAS 3t B+
R%)= 0.45~0.84%1 ). AFTeatet FAZAGTANAE iAol

5712] PM, s B= o= WA= AutE o=z 3 (5.82 ug/m’; 0.84). HHH, H]-&-0] A|7+2 HHgho] T
AFohs Ao UeTtH(TY 4). 22, vlE 2ol whek YAdshekar 7R B (A2)2 TP w2
o] a7t AlgFtHor dstx] doal 7pgste]  BIAlFIeA ¥ 37 BHAFL A (21.73 pg/

Table 3. Validation statistics of the predicted PM, 5 annual average concentrations from five prediction approaches using
ratios of PM, 5 to PM;, across 24 sites in Busan for 2011~2014.

Approach RMSE? R?® Spatial RMSE Spatial R?
1 (spatial average) 18.41 0.57 16.31 0.55
2 (temporal average) 21.73 0.49 19.66 0.45
A3 (regional average) 19.56 0.54 17.29 0.52
4 (annual average) 14.66 0.66 12.50 0.65
5 (regional and annual average) 8.91 0.79 5.82 0.84

2RMSE: root mean square error; PR2: MSE (mean square error)-based r-squared value

A1 (spatial average) A2 (temporal average) A3 (regional average)
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Fig. 4. Scatter plots of observations and predictions of the annual average PM, ; concentrations from five prediction
approaches using ratios of PM, 5 to PM;, across 24 sites in Busan for 2011~2014.
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