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Abstract Fine particulate matter (PM) is proven to be strongly linked to human health. Although the emissions of PM
from anthropogenic sources are relatively low in Gangwon Province, the atmospheric concentrations of both PM, s and PM;,
were reported to be very high. In this study, spatio-temporal distributions of PM, 5 and PM;, were identified based on the
hourly concentrations obtained from national air pollution monitoring network. Gangwon Province can be divided into four
regions with different weather and emission characteristics. All monitoring sites showed a decreasing trend in both PM, 5 and
PM, o concentrations from 2015 to 2019. There were statistically higher concentrations of PM, 5 and PM; in the western area
than in the eastern area. The correlation of PM, 5 between western and eastern regions was relatively low, indicating that the
emissions and/or formation pathways affecting PM, s were different in two regions. The difference between PM, ;5 in the
western and eastern regions was large in winter and small in summer. This result possibly indicates that PM, s in western area
is likely to be affected by regional- or long-range transport of PM, 5 or its precursors emitted from metropolitan and industrial
areas of Korea and China when the westerly winds are predominant in winter. Similar diurnal patterns of PM, 5 and PM,, were
shown at most monitoring sites; however, the morning and evening peaks due to traffic rush hour were observed in relatively
large cities while the diurnal variation was relatively unclear in small cities.
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AR 1SSl e mAtR AAA Stk 590 A, 1 jokgel ol dFelet
(Myong, 2016; Kim et al, 2015). PM;y @ PM,s= Tt t}2 A7}2 Uehdiich (Park and Shin, 2017; Kim et
dF A 9 A9A HiEdolA Z1dskaL, di7l 4l 2015).
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Fig. 1. Locations of national air pollution monitoring stations in Gangwon province (provided by Institute of Health and

Environment).
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Table 1. Locations of the monitoring sites and measurement period of the PM, s and PM,, data obtained at each site.

Measurement period

Site location
PMio PM, 5

Junagang-ro, Chuncheon 2015.01.01.~2019.12.31. Same as PM;

Seoksa, Chuncheon 2015.01.01.~2019.12.31. Same as PM;q

Hongcheon 2019.02.01.~2019.12.31. Same as PM;,
Northwest region Cheolwon 2019.01.01.~2019.12.31. 2019.01.03.~2019.12.31.

Hwacheon 2019.02.01.~2019.12.31. Same as PM;,

Yanggu 2019.01.15.~2019.12.31. Same as PM;,
Inje 2019.04.10.~2019.12.31. 2019.04.11.~2019.12.31.

Jungang-dong, Wonju 2015.01.01.~2019.12.31. Same as PM;,
Bangok-dong, Wonju 2015.01.01.~2019.12.31. 2016.01.01.~2019.12.31.

Munmak, Wonju 2018.10.01.~2019.12.31. Same as PM;q

Southwest region Hoengseong 2018.12.01.~2019.12.31. Same as PM;,

Youngwol 2019.01.01.~2019.12.31. Same as PM;q

Pyungchanng 2018.01.01.~2019.12.31. Same as PM;,

Jungsun 2019.01.01.~2019.12.31. Same as PM;,

Sokcho 2019.01.15.~2019.12.31. Same as PM;,

Northeast region Goseung 2018.12.01.~2019.12.31. Same as PM;,

Yangyang 2019.01.01.~2019.12.31. Same as PM;,

Gangneung 2015.01.01.~2019.12.31. Same as PM;,
Southeast redion Donoghae 2015.01.01.~2019.12.31. 2016.01.01.~2019.12.31.

9 Taebaek 2019.02.01.~2019.12.31. Same as PM;,
Samcheok 2015.01.01.~2019.12.31. 2016.01.01.~2019.12.31.
b PM 0] HF 71E s0pgm’S 2SR JHERAY TR £ SRS Uehis
Ade g Aoz Yebdt 201890 AR A G YRR o £AA% TAL, 1)1 H
PM, ;9] B+t 71 25 pg/m’S 2afste A= Aol AHiH LR MEEE eIt (E 2). =4
A7) AW PIT, JYTL TFT F5AYS A9 B9 PM,0) FEE FYR 5947} B4
2 bttt 201999] ABF =7 MY B W Efi 9 pM,9) BEE F Aol fARHA U
9L JNGRALACRE, PM, 3t PM,0 Bt 2t ehdrh GEERAACIAE PM,0] ¢ AL
7} 41.6 pg/m’TF 24.9 pgm’E UERHTE GAERA 7P w2 5EE UERlen PM,, 0] 9ol HiE
Aol PM,s0] AR BRI w2 ABE AShABA RAD 2HS UEich JERRE 7
AFA WEEAPoR Uehtor), Zlstg#e] 4 AWM /P vl FEot e Ao £z

< QA ZAEI GASH et 9FA IS Al DAR, Fekro] SARE BEE tehint

[e}
ol A= ﬂiEﬂ A Ao 2 vEstA dhlsioh= ZAx 9] 2171 AHE] PM, 9 PM,, 0 5E=
AE & = Ut dFATolA PMy, E PM,59] HiE  ANOVA (analysis of variance) A5 2 2]t tt
Fol 7MY =2 ARG 27 A Qs w9l . B Al=E UBH=Hl (p-value <0.001), 7R A3

$ o3l o 93 E440) us) ke sEe]  Zrolm fo)g Aolrh AT FARRA 0]
PM, 9} PM, 0] UEht 95A] BA9R) o] B &4 Fdaet £ AAE 244 Aolo] A of
74 Bre Ao wjEge] GFol 27 AU Y 35km o] Bl FUR] PM,E AAHE &
T T el a8 4 9leg HolEth Qo] vls) BAHOZ GOl EE U (p-val-
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Table 2. Summarized statistics of PM, s and PM;, concentrations at 21 monitoring sites in Gangwon Province in 2019

PMyq (ug/m?)

PM, 5 (ug/m?)

Site location
Arithmetic mean

Geometric mean Arithmetic mean Geometric mean

Junagang-ro, Chuncheon 42.7+£24.6 36.8+1.75 22.7+16.4 18.0+2.03
Seoksa, Chuncheon 4344263 36.7+£1.82 20.8+13.7 16.6+2.07
Hongcheon 36.1+£223 29.7+1.94 22.0+16.3 16.8+2.23
Cheolwon 39.0+248 324+1.88 21.7+188 15.4+2.48
Northwest
region Hwacheon 321+£17.7 28.6+1.60 17.0+£11.1 13.9+1.96
Yanggu 35.9+19.5 31.5+1.67 19.5+12.8 16.0+£1.93
Inje 27.0+43 23.6+2.75 15.6+8.99 13.2+1.83
Average 37.1+£226 31.4+1.80 20.1+£14.7 15.7+2.10
Jungang-dong, Wonju 48.7+27.0 42.2+1.73 2731175 22.8+1.84
Bangok-dong, Wonju 46.4+26.6 39.4+1.82 29.1+214 225+2.15
Munmak, Wonju 36.7+£20.7 31.8+1.74 23.0£15.5 18.8+1.95
S Hoengseong 424+26.3 35.8+1.80 254+184 20.5+1.96
outhwest
region Youngwol 40.5+21.6 35.8+1.65 254+183 20.1+2.05
Pyungchanng 41.6+20.2 37.5+1.57 2414158 19.9+1.87
Jungsun 349+17.8 31.0+1.64 20.2+13.2 16.7+£1.91
Average 41.6+23.6 36.0+1.72 249+175 20.1+£1.97
Sokcho 36.1+19.0 32.0+1.63 16.8+12.4 13.0+2.14
Goseung 32.6+18.3 28.5+1.69 16.6+10.9 13.7+£1.89
Northeast
region Yangyang 30.7+17.5 26.6+1.71 15.3+£9.57 13.0+£1.79
Average 33.1+£184 28.9+1.68 16.2+11.0 13.24+1.94
Gangneung 356+17.3 323+1.56 18.1+£11.7 15.2+1.82
Donoghae 328+17.3 29.2+1.62 18.6+10.3 16.3+1.67
Southeast Taebaek 353+17.1 31.8+£1.59 20.5+10.5 184+1.59
region Samcheok 31.7+16.5 28.3+1.59 17.1+£10.8 144+1.82
Average 33.8+17.1 30.3+1.60 18.6+10.9 15.9+1.74

ue <0.001, Tukey HSD (Honestly Significant Differ-
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