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Mass Size Distribution of Atmospheric Aerosol Particles Collected
at 865 m High of Jirisan National Park
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Department of Environmental Engineering, Gyeongnam National University of Science and Technology, Jinju 52725,
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Abstract

Aerosol mass size distributions were investigated at 865 m high the of Jirisan nationa park. A nanosampler cascade
impactor was used to collect aerosols. The atmospheric agrosol particles had a unimodal mass size distribution, which peaked
a 0.5-1.0 um, and a mass aerodynamic diameter of 1.13 ym. The annual average concentrations of TSP, PM1o, PM2s, PMy,
PMosand PMos were 20.9 pg/m”, 19.3 pug/m?, 14.9 pg/m®, 10.7 pg/m®, 5.3 pg/m®, 1.2 pg/m”, respectively. TSP concentrations
were below 30 pg/m® during the sampling period. On average PMag, PM2s, PM1, PMos and PMo; made up 0.91, 0.70, 0.41,
0.19 and 0.07 of TSP, respectively. The annual average of PM,s/PMygratio was 0.77.

Key wards: Jirisan national park, Cascade impactor, Aerosol mass size distribution

LME Qo Xt OECDQ] ‘Hr} LbS &b 2|4~ (Better
Life Index) 1o A $-2]yel= OECD =7} &
S uheke] ulAHA|(PMy 2 PM2s)= F< =1 1 4203 nHR] So& QIst 4t Ao B

Zh HIgE A=) o] s o = ARSlA eH 4] 27ol| Hjgl] W W & Holal gt
A= Tlo] AFE AL glom, ofof FH= =74 (Jeong and Kim, 2015; OECD, 2016).

o] “mNHA] T SEUA S WSkl oFS AR S 299 g7| e @B A7, 33t
109 ol = pAHA LAEE FH FREA Hom T FE AolE B 4= 9lom, ofo =AY
o AR Alske BRE Agsta ok 7], =Y, w7hl s, ejt7] 5 A= 7]

(MOE, 2016). FE3t, u]AHXA] lg—E AARe= = Qg=Aulo] A28 B3] ARZ]0] b EAS
¥l 4] A 458 WlekE FR AL AMEL  Asroz slersla glck T2 ACEE) o
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PMyo 36~51 png/m’® 22]3 mAJQl Hj4 A<l

Feb =5 s 400 mof| 913 S53HAF 7|5
J4:0] 73 20144 715 PM1p 39 pg/m” & PM5 22
ng/m*= 2 3115 37 9Jti(Seoul, 2014; NIER, 2015). 1t
W, OECD 7}e] His = PMy 23 ngm’ %
PMzs 14 pg/m’ 212} 31 w|a 2 453219 wj74 2]
ool A= PMys 3~5 ng/m® 502 HiE 3 9ot
(WHO, 2005),

2, th7] A% S-2 w7 %) % background) o]
2} g2 Q1912 ti7] uiEHol| oste] 24t 2
A o], FHEF(EEA) 2] 47 EollM= =
AR, RS, A5t =2 5 e 7] iiEdes
FEQ] o]AAEE 50 km o)Fe] A iR
(natural background), 10~50 km A}o]2] w.2] vl 7
A(rural background), 3~10 km A}o] 2] T=A]Q1L vl 7
A ¥(near-city background) 5o=2 EHsl1 h
(Suh et al., 1995; Dingenen et a., 2004).

AJ7HA] vl of] TRt W2 AGE

o L=
T
A E BN FHOR o] S| 3 glon, &

o
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e

glutete] HHbE Q] vHHA] 2 Hmef it ofsfiet
N B3k =7 52 HlallAl viE A Gof gt 5 &
/J mhefo] Fast, o|et AT A= FEBl

2 Aol A= ¥H 10 km o o]l AR, B
T 78 d7E e o] A gl AejAal =t
= afd 865 me] A Aul 7 2| ol A] Thet Qe
Nanosmpaer= ©]-§-sto] tf7] o] Z2EUAt] ¢
W 5 54 gl 2 drdaks I A
83 A 7|1 AERAe] V| 2AEEN &
=4 71 gt}

ot B>

oo -4 o o

2, Xz H 2MuY

21, A=xF xI™

7] oflo] 2EQUA] A BAFH A= Fig. 1o
Epull e} o] x]ejal =5 W sl 865 mej 9
A3 Q= A AT a4 A E S usY
of| A AAsFSA Tt

2 SAAHL At w3 YtRE °F 18
km Z12]31 Z]2j4ske] X aE-9] H9e(aE 1,915 m)
7] = oF 31 km o]AE|o] glow, 24 §H 10 km
ojfolli= TAIX| S, WA, 7|l AR
712 viEdo] gAY AHAQ] FF=
= Ao A (EEA) O SHY 74
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Sampling site

Fig. 1. Thelocation of the sampling site in Jirisan nationd park.
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2.2, NERiF g

7] elolzEate] A48 BFEYS S8l o
o 2] E] Q] Nanosampler(KanomaxAF Model 3180,
Jepan) & AH-3H9ic) 2 QHEL Y 7R f9H
7] oo 2EYAE 1-479] Eeje(1et : >10 um,
2tt: 25~10 ym, 3%t 1.0~2.5 ym, 4%} : 0.5~1.0 um),
FH3E] 71H|E(GE : 0.1~05 um) 9 back-up L]
(<01 um)E B3l g ZHETh A2 F o AREH
oAz 7} 2] ekl back-up Ll )7 55 mme)] 4]
% ZE|(ADVANTECA} QR-100) & AME-3F o, T
38E 9] A9 12 dHE AxI]ARR] Kanomax A7}
AlEshe 217 8 ime] SUSHG-2 99 Hze 7=
2)xo] oF 98 mg %7 = AlRAHol AHg3HACt
(Park et al., 2015).

2 AHE = 2ARF B9 7] T vE =2l
UFPQIE B8 H 0 A4k 21T 5 ==
T HHEHE2] 7(20~30 L/min) =} vz 2
40 Limino= A= olqlen, FHRGHAX(TSP)E
EE3E PM1o/PM2s/PM1y/PMos/PMo1 2] 178 5=
B E gt & 4= It Eryu et al., 2009; Furuuchi et
al., 2010). T3 2 Aol 97 1 m A5 &
1-37HAE =A@ <(coarse) LEjal 4%t
~back-up7HA| 2 mIAIIAE del(fing FER TEs}

H
-0

Table 1. Sampling periods and meteorological conditions

o
w
Y

Ack

2, Table 1ofli= Al 241 F 717t 9 71/ = E W
Elfigleom, A|ExF= 2014 8¢ 18] 20154 7
YHE] 2016'd 5E7HA] v E 2~3YU7t A& o R F 11
3]9] tf7] ool 2EUA AlRE AHFSFATE T3t £
RS0 e FAE Ashr] flal A3 A5
24X7F o} HAAIO|EofA T2, 53t & T
0.01 mg7HA| Heg7Fsst HAA-2(AT201, METTLER,
USA)Z o5t 574 159 I T2 J&stal

2.3. ZUQ| OIMHX| 5= BX
Fig. 2o&= =€ PMyo 2 PM2s8] 5= 52 T
37] flste] 20144 715 A= 77 L. AR
A 20] AT PMyo = 121 2011~2014 7|
OECD =7}2] A+t PM1o & PM2s2] 58 &
% = LFERHTHNIER, 2015; OECD, 2016).
=7H7| L dAE S 7 B e
224, EAIR| S 25774, 2 38 A Bog 7
Hato] Uehlon], wE A7k 9wt S5
2:0] 79- QAT PMyo 514 45(33~62) ng/m'” =3
o2 e}l 9lek Eal, OECD w7}e] 2,2417) 7|
olo] 9 T PMyg 23(3~109) pg/m’® 2 PM,s

LN e 1S

Sampling Meteorological conditions

No. Sampling periods - - 3 " 5 .

time(min) flow(m”) Temp.(°0O RH(%) WS(n/s) RF(mm)
1 Aug. 11~12, 2014 1,530 61.2 19.6 83 15 0.0
2 July 1~3, 2015 2,920 116.8 18.3 78 14 0.0
3 Aug. 18~20, 2015 2,310 924 199 89 0.9 10
4 Sep. 25~27, 2015 2,900 116.0 16.1 83 14 0.0
5 Oct. 22~24, 2015 2,940 117.6 1338 79 14 0.0
6 Dec. 7~9, 2015 2,820 112.8 43 76 13 0.0
7 Jan. 25~27, 2016 2,880 115.2 -52 70 13 0.0
8 Feb. 24~26, 2016 2,280 91.2 -34 51 17 0.0
9 Mar. 28~31, 2016 3,630 1452 9.9 72 14 0.0
10 Apr. 28~30, 2016 2,380 115.2 12.2 95 0.8 315
11 May 26~27, 2016 1,860 74.4 20.6 44 17 0.0

*RH(%): relative humidity, "WS(m/s): wind speed, “RF(mm): rainfall amount
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ORural & Background(n=22) B Urban(n=257) ORoadside(n=38)
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Korea 2014, PMyp (ug'm®) [ ]
- Rural & Background
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(a) Korea(2014)

OPMI0(n=2241) BPM2 5(n=2241)
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- PM, 5 (ug/m®) - Ave. 14 (2-67)

Frequency

10%
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(b) OECD country/city(2011~2014)

Fig. 2. Concentration distribution of PM1o and PM2s in Korean and OECD country/city.

14(2~67) ug/m® = vheptar 9lek.

3. Zut & nH

31, galce s
Teble 20z A 2R3 7170 lale Rejehd
=, n|A|YRKFine) 2 22K Coarse) & = 11

231 FEG A (TSP) 9] 512 015 Liehc:

Table 2. PM mass concentration for each size fraction

Hed T g o Zfol 7t QAT ABT
2 42H0.5~1.0 um) 5.4 pg/m® > 2cH2.5~10 um) 4.4
pg/m® = 3vH(1.0~2.5 ym) 4.2 pg/m® = 55H0.1~0.5 1
m) 4.1 ug/m’>> 15H>10 um) 1.6 pg/m’® > back-up(0.1
um) 1.2 pg/m’9] % 40 2 4tH0.5~1.0 um)o| 7}
% =Tk

Fine ¥ Coarse?] dH+ === Z+2} 10.7 pg/m3,
10.2 ug/m® ©. & Fine/Coarse®] S &H] 1.12 H]<=3F

. 1 _ S :e fraction(ug/ T3) . — Coawrss i ne*; TSP3
(bgm’)  (ugm’)  (ug/m)
(>10pum) (25~10pm) (1.0~25um) (0.5~1.0um) (0.1~0.5um) (<0.1pum)

1 18 34 21 8.2 23 0.7 74 111 185
2 33 7.2 30 26 34 04 134 6.4 19.9
3 0.9 19 34 17 27 14 6.2 58 12.0
4 04 94 6.6 38 41 43 16.4 12.2 285
5 33 32 58 5.6 28 0.9 12.3 9.3 21.6
6 0.7 16 22 36 31 0.3 45 6.9 114
7 0.5 39 42 6.2 41 11 8.6 114 201
8 10 4.7 6.1 8.0 49 17 11.7 14.6 26.4
9 12 79 52 6.2 6.8 0.6 144 13.6 28.0
10 24 21 19 4.7 54 11 6.3 11.2 17.6
11 26 33 55 8.6 54 1.0 114 149 26.3
Ave. 16 44 4.2 54 41 12 10.2 10.7 20.9
SD 11 2.6 17 23 14 11 39 32 6.0

* Coarsefraction : diameter > 1 ym, ** Finefraction : diameter < 1 ym
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T 5440 Yego, FEH]= 2016 49(No.
10)0] 1.772 71 =9F31 20154 7¥€(No. 2) 0482
714 vrot AlRANF717bE 2 Aol & m AT,

TSP 35t 15t 20.9 ug/m’ 0113 A=A 7]
7hH 2= 20151 9¥(No. 4) 28.5 ng/m’o] 20154 10
(No. 6) 11.4 pg/m’o|| u]3| oF 258 %7 Lhepdo.
L}, N 0 2 30 pg/m’ 0]3}e] W HEES X
&x o2 g8 YUt

FhE, YHE S ALGE TSP et 71& A5
ko] vl mal A 2 F5 EAIX] 2 44.0 pg/m® Brk=
Ank & T3 19984 AlFE 1AF v
19.8~25.6 ug/m’2] HA AT Ko} FARE S
HrHKimet a., 1999; Park et al., 2015).

3.2 lie¥AEx EY

Fig. 3oll= th7] clol=2&UAHe] dse oA
THEZ(AM/ALog(Dy)) 2+ Aig547E(MMAD) 7]
ShEEHAK 0 & HEFRITE

dgrEe] e AR IR e

Jolsiy, ZHkaloz 4tH05~1.0 um)e FHL
&% peakE 7H Tl P E3E(unimodal) 2] el
2 et Ao g giy] oo]2EdAte
¢l o]4Fg 23 (bimodal) k= 4olstl oL, ©]
g nlcte] Bejehe] 2 50% Wekeld, =
UAHS] 52 5Ado] th=7| wZol} wet
Park and Choi, 1997; Park et a., 2015). tf7] ¢f
ol2ZYAte] i Y= FAS= W F9 sht
¢ MMAD+= 4t 113 umo. 2 yepgon, ol 5
e 2016\ 4¥(No. 10) 0.79 ymz 7 ZRokar
201543 79(No. 2) 2.24 ym= 7} 2 Ao 2 YElyt
o} E3h ti7jolo]=EYAe] 47 Wl & 7
5 Q= og= YA 4.34 T80 YE B4 20151
129 3012 73 2Ry 20154 99 8972 71 =
22 etk

2HH, MMAD 9} THA%E 7]& AtofA= =AY
52 3¢ MMAD 1.36 ym ¥ 04 4.930.2 K115}
L glom, AR A Al sfiehF 1.8 um 2
=7hE A ¢l 72} 2.07 pm 9 314F3.92 pm 52
2 B 3E)3 g)rtiLeeet a., 2003; Kim, 2007). E3k,
3l 1,300 m AFH A9 9] 79 0.48 ymzE =41 A&
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0.81 ym Xt} 28 Ao g ®HIE T QJrtiKavouras
and Stephanou, 2002).

3.3. TSP/PMio/PMzs/PMi/PMos/PMo 12| S EM

Table 30l= A%+ 2 HH(No. 9-11), AE5H
(No. 1~3), 71-&Z(No. 4, 5), A< (No. 6~8) = A&
H YA 5 U 5eH 54 YERth

TSPIPM1o/PM2s/PM1/PMos/PMo18] AE+ 5=
L 209 pg/m’®, 19.3 pg/m®, 14.9 pg/m®, 10.7 pg/m’,
53 pg/m’, 1.2 nigm* 50 2 2k} LEhg o, Add
ZE=TSP, PMo, PMo19] H$- 71> 5> A& > o
£9] &0 2 PMys, PMy, PMos9] A 5> 71> A
2> 089 FE =0 & YEPgTE TSP o tish
AFHAE 7= Ao PMy 0.92, PM2s 0.72,
PM; 0.52, PMgs 0.26, PMos 0.06 2 7z} Ukl o,
E3] PMyo Y PMys 5 =2] -9 AHo] wil o &
ol W2 AEA E/Jo] YERTE PM2s/PM1o®] 5
TH)= Ayt 0.782 Aol £l ojFHo] W
AdE E/do] Yelon, skt A9y WAy
o] JgF BT Ao w2 Z ZJolE BHY
g, Park et al.(2014) 2] 1324 0.70 ~12]31
A 0.713H= FARBFI AT F-41H2] <] <F0.551 o}
= thA =8 Ao 2 YHERGTHNIER, 2009; Jeon and
Hwang, 2014).

SHH, = 7F WA S 4 F Aij7tel $Ae HE e
9 4 £440] -9 20140 AT PMio 47 ng/m’
T8 EARITE s R o]l sk @l 400 moj)
A e BIHAE di7|&5d 40 A9 2014W A
PM1o 39 ug/m® 2 PMs 22 pg/m® S5-0 & ¥ =4 2]
Hr} o lew ASES wArKSeoul, 2014; NIER,
2015). Wb, A5k Shebik 11002149 A w7 #]
ooflA]  1998WFE] 200472 BEH  PMas
13.4~21.7 pg/m2] E1w=2 1231 OECD=7}2] ¥
5= PMyo 23 ng/m’® 2 PM s 14 ng/m°oh g-AKet 3
w2zoz UehdtiKim et a., 2007; OECD,
2016). Z1gut, 3l 1,000 me] A9A A x| Q]
PMio 11 pg/m® 2 PMs 8 ng/m® .th= oF 2uj) A=
=2 =2 VeI 91t (Hueglin et al., 2005).

S, AR Q] Fel&7kA] 7oAl 1 hao <o) vl
168 kgoll 3= PM1o S75h= 5 ti 712 749

o
B orr e
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= P = 155 pg'm? PAL o = 199 pgim?
-:i i MMAD= 107 pm T oW T
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= r ‘5’ MMAD=2.24 pum ‘5’
% » = " G=4.79 =
il g’ ¥
= = =
s 3 3
< = =
10 z w0 5
—L T
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Aerodynamic diameter, D, (jum) Aerodynamic diameter, D, (jum)
40 40
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= P = 1726 pgm? — P = 263 pgm?
E 4 MMAD= 0,79 pm E 4
‘g.' o401 ‘g.'
= =
B o B o
z z
= =
< <
[ | [ |
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Fig. 3. Thelog-normal mass size distribution.
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Table 3. PM concentration and percentage of mass size fractions

Measurement Annud Spring Summer Autumn Winter
(ugmd) (No. 9, 10, 11) (No.1,2,3) (No. 4, 5) (No. 6,7, 8)
TSP 20.9+6.0 24.0+£5.6 16.8+4.2 25.1+4.9 19.3+7.5
PM1o 19.3+6.0 21.9+6.0 14.8£3.2 23.3t6.9 18.6+7.4
PM2s 14.9+4.4 17.5£3.9 10.6+2.3 17.0£2.6 15.245.8
PM4 10.7£3.2 13.3+1.9 7.8+2.9 10.7+2.0 11.0+3.9
PMos 5.3+1.8 6.8+0.6 3.6£0.6 6.0£3.3 5.1+1.6
PMo1 1.2+1.1 0.9+0.3 0.8+0.5 2624 1.0+0.7
Rations(-)
PM1o/TSP 0.92+0.05 0.91+0.05 0.89+0.05 0.92+0.10 0.96+0.02
PM2s/TSP 0.72+0.09 0.73+0.05 0.65+0.16 0.68+0.03 0.79+£0.01
PM4/TSP 0.52+0.10 0.56+0.08 0.47+0.14 0.43+0.00 0.58+0.03
PMos/TSP 0.26+0.07 0.29+0.07 0.23+0.10 0.23+0.09 0.27+0.02
PMo1/ TSP 0.06+0.04 0.04+0.02 0.06+0.05 0.10+0.08 0.05+0.02
PM2s/PM1o 0.78+0.09 0.81+0.09 0.73+0.14 0.75+0.11 0.82+0.03
BI7E e Ao R HAE glom, A A T TSP 30 pg/m’ o] 512 Lpepyge.
S(AFR) o] A Ab Aol o3 mAIHA] A7 & 53], & SEAHY e PMy 71208 =
AR ol H]3f) 38.5% F= W& Ao m By 7HalES A4 5 slietrtell RIS MR 9 kS

2 1

IcHKim et a., 2008; KFS, 2016). 2=, 2 =4
O] th7|of O 2R B =SR-S AT H o7
7 10 kmo| U] & 7| uj&Y o 2 HE AH A
Y= 712 TR Al Ao A% A
S 974 712 B AL Aelake] A o
3k 7% o] o8] AR AA= o] ek 4= Qe
Gegoleka wehen.

u:uZi

oo Bk &g
5
O

N
o

f

4 2 E

A it =53¢ 3l 865 me] A2 oA
E|E o] 831 7] ool 2EUAS] YA H R
£ molsh A3}, ot 2 AES Al

UFRE 542 4H05-10 1m)& FAHo=2
= peaks 7171 EEFE7E F2 YR oH, A%
MMAD: 113 im 2 o/= 43402 Uehyt
TSPIPM1o/PM25/PM1/PMos/PMo18] S+t %Et
20.9 ug/m®, 19.3 pg/m®, 14.9 pg/m®, 10.7 pg/m’, 5.3
g/, 1.2 pg/m’ 502 yelton, 7|7t F &

Hog

J

]

R

A1 WA oo] Bk th7|S A4}
o1}, OECD 7}9] Hitswo} SAR S &
ehgtch. w3, 70 e A2l
gao] gl A|2|2] St Aelake] 4k o) st
7o of8l Lhehe 4= Qs b S0 24
A4 4Q) ATE Fak M2ako] b T7] A

2 Sl T A T o

l

x AL ox
° 2 B

_g

O———

o] l=R.2 2016\ A eyl m A4 X
oj oJsto] 3w glom, X Yof| A=Y
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