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ABSTRACT

This study aimed to evaluate the concentration of particulate matter less than 10 micrometers
in diameter or less than 2.5micrometres in diameter (PMjo and PM,s) in rural villages, and thus
protect the health of elderly farmers, by using the air pollution monitoring network data based
on the particulate matter forecast grade. The sampling sites selected included a farm-work
environment and the village entrance in the Wanju-gun village. PMjo and PM, 5 were measured
using a portable aerosol spectrometer (PAS). When the particulate matter forecast grade was
good and normal, PM;o and PM;s monitoring were performed once every two weeks. When
the forecast grades were poor and very poor, PMjg and PM, s monitoring was performed daily.
To compare the air pollution monitoring network data to the PMjg and PM, 5 levels measured
at the sampling sites, the data were extracted from Air Korea. When the particulate matter
forecast grade was poor, the concentration of PMjo and PM,5 in the farm-work environment
(80.1 yg/n, 54.1 yg/m’) was the highest among all the sites (air pollution monitoring network:
78.8 ug/mt, 41.4 ug/n?, village entrance: 68.1 yg/m', 53.3 ug/m). Also, the concentration of PM;5
was significantly different between the sampling sites and the air pollution monitoring network
during the sampling period (p=0.002). When the particulate matter forecast grade was poor,
the sampling sites showed a higher PMys/PMjp ratio (farm-work environment: 0.68, village entrance:
0.78) compared to the air pollution monitoring network (0.52). Based on these results, when
the fine dust forecast is bad, farmers living in rural areas need to reconsider leaving their homes
for farming or for any other activity. Also, it is essential to carry out particulate matter management
in rural areas, including farm-work environments and residential areas.
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I. A%

A= 7] 5 FRSHAY S99 UEes
Ix}A} EA(Particulate Matter, PM)E HX| 9]
=710 w=t dAF 270 10 m ©fsk= wAHA]|
(PMio), 2.5 um ©JoFs ZPAHR|(PM,5)2HaL gt
U Ard uHHA] FE F0]= 20008 E 25t
ojF HMuHAog FAshs FolE Holil QUA|T
(Yeo & Kim 2019), 2017¢ 7]& OECD 3¢
=712} Bl S o F AR =StHOECD 2018).
HAHA] TEE flsl SRl A= RIAHA] of|E
aS A%sto] M AlEskal glow, 201749
TAEA] A S A2 sEsHTh ERL
201997 E = vNHA| BHEE9] vigs Aokl
Hegro = AR A%l IFS vA= A
AfslazA} ‘BAHA] A7 W o] TRk S
Alggskal Qi

AARA7|HWHO)A = HIAHAIE ARelAl
Hoto] gl 4= Sl 1+ WAEAR XAt
H7AEd 5 A4l 7P & TS miRT
B gho]] mEKIARC 2013), =71 tiFEo] Q1Aof
H|2= A% G TR JAAE Forx|aL Qlth
HAHAR QIgh A7 FaF2 ARkl HIXS
HE AZolA JdFe HAARE S
OFeE ojglo], U4HRE, A1PA}, 7|AEgHA} 5o
st E1 5k leH(Jo et al. 2018),
TPAS A AEH A% 5 58S 7L
W 757t ot S| o5k 4= Qi) IRtAo=
njAHA]of o] HH FH, Z|EA[o] FFE o]
A4, FHE7AE B, 7183AE 5 5714
G FrH(Nakao et al. 2018; Sanyal et al.
2018). 50l ZuAAAPM, 5= #HZo| A
WE7} 7Fsstne wdua duldet, Hadvrdst

5 AR 9 AERIRS MVE

o o

Aoz RHIET QtHChan et al. 2019; Kim

2019).
TAHZ] A7 d o] w9 EUY A
A14z0] w= OAHA]  eFof  FHoRsh

A,

AFORE ofdo], k91, 3571 - APFASR} 5o
TFEsIom, &9 YA, wEAld YA 5
A =& 7hsdo] & ASol kst
o|F, &9 HAA= AVIT ofY o=
TR LeEE7] 412 5 - 1Al 5 2ol
Ao 53], HHLNS tiFE Ao &A%
Qo] AFstER FAAA HAol= 5
oheket wiEdell ol nAAA] Eol 7HEHt.

FEAYY HAHA L& SEE RIS
5] TE AFEo] I 2, Jeong et
al.(2018)2 5 8A7} Wy sEAGollA 77t
PM,sS &%t 23} Bd 527t dud 7115
ug/mS ZI/E 20.1 + 10.1 ug/m* $=olgtn
HI5MHh Lee & Yun(2020)2 3HEHES
olgslo] &S HAHA g FHT 4t
H7| LASHFEY sE2uREolA PMys s=7t
6.78% © =A Yehdtial B skgict

71&9] AFEE sEA A ©7IZE di7] o
et s SRlskon FARIS AA =St
T AHH FFS BRE = AY sl
T3 20199 71 =W RIAEA] S04 30%7F
o] HEE]o] 9JT(Air Korea 2019), HjEELS
44 e ZAA Y952 HiREo] AA|
FEURE 299 EAol| Y= WA =&
moto] o] e Aol wEhA, B o)M=
YL F=2 o]FolR= FEAGY VH RS
oz FURAY 3F7] YXelA  wNEA|
g melolal nAHA] du S5 whet s
A 99] tf7]1 A5 FERE A H9] wAHA]

(o]
s HIE B LR FEAGNA TSk
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AEAY 594FA 5 Tetotgrt. A5
o2 FAFIA St B2 dFLo=R
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2020). 574 dh vhe<] F Al A= dim), vhs,
Hol, 3071 A= AFskaL ek S A"
F 2Xo=E mE AFEREITE 2A), 589

g5 Agoz FEIAHFig 1).

=4 71E2 TEE A 7IEeE AU
oA o] et 54 AFstATHTable 1).
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Fig 1. Sampling sites for particulate matter.
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Table 1. Particulate matter forecast grade as per
the Korean Ministry of Environment

Grade(24-hour average, ug/m’)

Particulate

matter Good  Normal Poor very
poor
PMig 0~30 31~80  81~150 151~
PMys 0~15 16~35 36~75 76~
PMjo : Particulate matter less than 10 micrometers in
diameter
PM,5 : Particulate matter less than 2.5 micrometers in
diameter

199 19 A =4
o Be E 235 TR é’ﬁ% Z18Y5H3ATt. PMio
I PMys9] &2 FARMES ARERE 254
71712 AgAtolA HﬂE} 1 o) Algigdol
=01 4% Portable Aerosol Spectrometer
(PAS, Grimm 11-A, Germany) FH|S &85
o] 245}t Park et al. 2016; Lee & Park
2019). 574 #A= wUR19 2871 AR e
stod 150 ecm~160 cm& A7kl e A A
7+ 24 104178 1641714 & 6AIZE
SIoitt. ESE, RN Foks Y B
AAE HE FHS ARESE 712 dﬁ%;ﬁ
o] v E 9ol &7 YAPEE s X[l o
HloJElE Air KoreaollA] F&3}0] HTﬂé}fﬁ‘:}
=7 Avbe BT ARSET + EEHAE B
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PM, s == Table 2, 33 2t} PM;o®] WIAHA] F242A1RD, BS(76A17D,

W, 559 25 2601 ug/m)o) Py FEF LY Ao 5

71 2 H&=HH(78.8 ug/m), "R YT (68.1 Y(53.3 ug/mi )4 PMzs

ug/mET oItk AA &4 7IRE 5t 34 (41.4 yg/m)oll B

UE Q7ARbhe=
AE 5HE F SHT AR F=F GIARD, BE UERETh PM25 sk UAEA! 9E S50l
(88417), W& (18A1ZDeI e, PMoo] Bt  EEd ), vha Y7H34.5 wg/m), 3% E5 A
s tAEA dE SEE 4 A" 7 (329 w/m), WVILASH(25.3 ug/m) =L
B UeRd T miAEA] oE Sl Ui e A7t 7P =S8t mARA] o\ So

191 25 A954.1 gg/m), 1Fe
S MECE Sk
o sk AR 2% 710 5

AHZE Hlwet PMy sEe SAXSE Fofet 4 A" 3 H]J"’L’?‘_} PMys sk EA8Ce=

2}0](p=0.897)7F fUHTable 2).
PM59] UIARA] o S8 & ST Al

Table 2. Concentration of PMyo by particulate matter forecast grade

frofet AaH(p=0.002)% HEHTHTable 3).

TAEA] B S £ A% PMas/PMio

Grade Good Normal

Poor

Site

NY  Range? Mean? SD NP Range? Mean? SD NV  Range?  Mean? SD

Mean p-value”

Air pollution
monitoring 42 7.0 - 35.0 182 79 93 16 - 102 50.0
network

19 18 63.0 - 116.0 78.8

14.1 49.0

Farmwork © )7 _ 445 178 89 90 19 - 111 500

environment

22 18 65.0 - 127.4 80.1

16.2 49.3

Village 41 6.1 - 348 164 89 81 24 - 114 520

entrance

22 18 4377 - 1141 68.1

20.8 45.5

0.897

U N Total measurement time in hrs
2 PM concentration in ug/m

¥ p-value: Comparison of measurement locations (One—way ANOVA using GLM)

Table 3. Concentration of PM,s by particulate matter forecast grade

Grade Good Normal

Poor

Site

NY  Range? Mean? SDNY Range? Mean? SD NY Range? Mean?

Mean p-value®

SD

Air
pollution 1) 30 _ 150 78 2978 7.0 - 550 253
mOnltOrlng

network

11.9 27 23.0 - 75.0 41.4

12.3 24.8

Farm=work ) )3 166 69 4975 6.4 - 800 329
environment

16.6 27 29.7 - 80.4 54.1

11.8 31.3

Village
entrance

42 6.8 - 23.0 68 5575 135 - 815 345

15227 29.7 - 75.0 533

11.9 31.5

0.002

Y N: Total measurement time in hrs
2 PM concentration in ug/m?

¥ p-value: Comparison of measurement location (One—way ANOVA using GLM)
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UEY 7%, PMas/PMio BlE e 57 A501A
0.5 oVde= Uehgtt. 53], nNRIA] A& 550]
WHEE o = 574 ARl S PMas/PMio BI7F
EokeH, o] ¥k 4= 0.78=2 M &4
e

Table 4. PM,s/PMyo ratio for each sampling
site by particulate matter forecast

grade
. Grade
Site Mean
Good Normal Poor
Air pollution monitoring 0.43  0.51  0.52 0.49
network
Farm—work environment 0.39 0.66 0.68 0.57
Village entrance 041 070 0.78 0.63
Mean 041 061 0.66
Xﬁﬂ 54 71 ¢ WedESEY, &Y
5 A, vk A+ 3 A X ]%ﬂoﬂ PMio,
PM,s &=+ Fig 2, 33 . b 52t

37 35 259190, q71e9SHY
Y Es A%e] w2 F4LE PMy 113],

PM, 5= 1535]2 et

AulR o=

i

o= 4 ARt

o OMEA 58 &9 7|2

=o o
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DM, PMps 5T WIS A% Bk

N1ky
a7 QI Hl&2 20194 46.6%=
S7Fete FAI°IH(KOSIS 2019),
g FHo AFslar QU
4 B AFA o] FESH=

AL 7N, T SAIA WAk A
Y B4 52 8 FAAAA R 10 km
u7kR] EAksickal AefA Itk Otake et al. 2010).
oldf, & dFolieE sErk A[FoA AFSiaL
Aol= 11y AU 5o] HAHA] =Fof| Folgt
Ao, &Y Aol o k==0] 7I5E &
U B AR =S X9 PMyo E PMys =&
TS GRS ESE wAHA] oE S5
wet 7| A9 A sk AYolA
S A = Bl SIYith

2 Aol S AYer AP MeE=
At 5530 71 LASHT2 7|2 EAH
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Fig 2. Change of PM;o concentration during the sampling period.
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Fig 3. Change of PMys concentration during the sampling period.

2] ol 7] Aol viA s wrdsh] fsh A =74 717 B9 PMyo s iV 128570l
AAEN. T, FEAF0] A 12 ] 3] 52k B Aol =2 éxé%l% F 1132

A, &, B 5o] EA5l= s=2et w49, 2, UERTh ol2fet Axks, S4Y
715 S o= B @8Rl & W] F 2HY 2 59 WAZHE 3‘3}% Ztjo] XIgP=]o]
HAHA] w20 JdFE € 5 Al HIESglH H|AHA] B SR A ?
(Schins et al. 2004). & d7Lo]A &4t PMy, et al.(2009)9] Ao 2™, Rz = 573X
e Wea5gYY 53 €5 A9, v ATt B2 ZIYRofA SHg PMyy 5+ 85.85
oA Bt F2 Holal QIAIT (Table 2, wg/m'= AHeRE EA ‘%E}‘*Eb_ Hrsioirt
Fig 2), &4 &% A ollA PMee] o 5=~ e, s2=A9L 2, & 3 T A9
=1 v £E7F H2 AS 2RI S+ Ao o] o8 mAHA] ko] dTFE = &
(Fig 4). emg olof Izt 7 BQT A o= wekEch
TEAYE FuHvlE A4AY, sA7IA
HEARE, 52 59 theget 2214 WAgdo] & -
y Ao viEHal At Jeong et al.(2018)0
U=, 5EX9o49] t)7] 5 PM-2.5 B+ 57t
® 4712 2Btk Busigon tiwAQt
" FEo] AFsle wHlTe] HleEYd $ES
H W5 o & 5 B2 EA(22.5 + 22.2

lOl

)
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o
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o
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Fig 4. Distribution of PMio concentration across S30] 229 1, PM,s BEE 7] @2y}

sampling sites.
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H|SSHA UEbgAleE, BE(7]1 95787 25.3
ug/mt, S&Y Z5 A 32.9 wg/nd, PR AT
34.5 ug/m)T YETH71 A5 D: 41.4 ug/nd,
54U B85 AY: 54.1 yg/n’, TR YT 53.3
wg/m)E BF A7 LASHYY & A
7tol| 5=9] Afo]E BPtHTable 3, Fig 5). E3F,
AA &4 717 B¢ WNASHY Kt 523
&5 A9 PMs 557t =2 SHYE 153312,
53], ALE(12€~29)9 T Rl=s7h =30
(Fig 3). ol&gt Axk= &4 A h2] 5= AfHl
2201 v, tiut 5 A 4O F Qlel A7t 3 EYF
AEo] WAslo] 54 S A1299] PM,s 'Wdo]
S7RE A0 A7V 52492 PMys 29
27} ool2E(34.4%), B/ 5=(20.1%), &7
(16.9%) & thgst viEdo] EA46E7] Wizl (Jeong
et al. 2018), F&FIAH L} AFAFo] FEol=
S 3721 TS Aol gt alEE PMys
Pyol ol A4 Ejet o] IR A=
Tt

PM,5/PMio Hl= QA R8igt 94 2.5 m
o|5to] wlARof thet 7|ojeZ et 4= Utk
HollA 583t 2jol7h YA, thFEe] APAT=
PR G FAX Y 5] EAA] 52 Bt

(Do et al. 2014; Jeon & Hwang 2014). £ A7LollA]
|
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Fig 5. Distribution of PM2s concentration across
sampling sites
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SEARS A Fol A BASH= PMys 71018 SR
A3}, 71 FZH0.49)00 vlsf B2 B A
(0.57), k& YH0.63)7H A& o2 A Yetstct
(Table 4). W& 7] 49, mhee] 4 HIE2EH
Ao fdo] wom vk FHof FL7,
EdH 5 s971AE AHES & JAEte s
ARESto]  wi7|7kA0] FFAQ] G w2
ZAoZ Wt Tl s n|AHA7} HAYsH=
U 53 o], PM,s/PMo Bl H7]2 83241
0.52), 52 &5 2 9(0.68), "R ATH0.78)=
71 AdSAH Y vl 4 A o] o 2 A
BRI 4= I} (Table 4). th7] Q. FZ7rgol) Hlsf
s=uhE A oA PM,s/PMyo HI7F AdiEo=
A & 715, UBE, Y, 59714 59
ot i dEo] Sl w=A199] £t o]
metElck(Pavilonis et al. 2013).
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e A7 289

oAEAR Q1
SE7AAS B Buk oflsh X
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o TREe HEoR nAHA oS
SAlo] AAARE ofsishy QyEel Beakey
ofeige] Qlome, EA0] EALS vlalet mAHA]
A% 918 B Yng avpHoR Adshs Aol
B astera Azt

LAA 9 %ﬁol ‘%‘%J ‘ED%, Ezz]o] AL
9717 B gt S A HaEQie 2
ALoME 20k X Hof|A] YHEE= PM;, 1;4
PM,s & ERlstglon, 3] PM;s9 7

A7 @SB 20 A9 A é—xé%l
] AolE metd 4= Adeh ot S A
17hE thes TSk PMo % PMsE 53
AF}E RE =23|oo] EAL ulaisyl rgrj_ w70
offEol At FF, A, Y, sEAHe
Ek] 1:11 9_]_7:] l:]-Ol-—o]— 5(—)1__‘5% 1316}04 PM]O
% PMs9] & 2 EQI5ks A9 28T
Aoz AzdE.

o = rsﬂ

i

V. 8% 4 38

£ dFoMe sEIE A9olA t‘”‘“ﬁ}h
PMip ® PM,59] =& 252 HoJ5p7] sf, 52
g5 A9 UT‘—?J:rLoﬂlﬂ TS 5101'3}31
uAEA] HE gl et 7| LASAT
A &4 XPE]Z_]’ PMio ¥ PM;5 &% Aol&
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4 25 A99 PMio(80.1 ug/m’), PM2.5
(54.1 yg/m) == H71LASHF(78.8 ug/nf,
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HIg] EA YepteH, 53] PMys= A 74717
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