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Abstract In this study, a GRIMM dust monitor (hereafter, OPC) and TSI optical particle sizer (OPS), which utilize light scatter-
ing technique for real-time monitoring of particle number and concentration, were evaluated based on the gravimetric and
beta-ray absorption methods during the period from March 12 to April 09, 2018 at an urban site. For this purpose, 24-hr
integrated PM, 5 samples were collected and analyzed for ionic species. Hourly average PM;, and PM, 5 concentrations from OPS
were 2.7 and 1.7 times higher than those from GRIMM OPC, respectively, and also 1.9 and 1.7 times higher than those from beta-
ray absorption method (BAM). However, highest PM, s/PM;, value was found in GRIMM OPC. The PM, 5/PM;, was 0.85+0.09,
0.50£0.20, and 0.53+0.17 for OPC, OPS, and BAM, respectively, indicating rather underestimation of PM;, from GRIMM OPC.
24-hr average PM, s from OPC and OPS was approximately 3% (an intercept of +9.3 ug/m?) lower and 63% (an intercept of +3.3
ug/m3) higher than that from the gravimetric method, respectively, with R? values of 0.93 and 0.82. However, 24-hr average PM,
from BAM was strongly correlated with the gravimetric method with a slope of 0.96, an intercept of 3.4 ug/m? and an R? of 0.97,
suggesting high reliability of BAM. Also the difference in 24-hr PM, 5 between gravimetric method and OPS increased negatively
with increasing the concentrations of secondary inorganic components (=NO;™+NH,* +50,%27), NO;~, NH,*, and 50,2~
However, secondary ionic species concentrations were very poorly correlated (R*=~0.00) with the difference in 24-hr PM,
between the gravimetric method and GRIMM OPC, suggesting GRIMM dust monitor provides a reliable and real-time
measurements of PM, 5. Finally, results from this study indicates that PM;, and PM, 5 from TSI OPS and PM;, from GRIMM OPC
should be corrected to obtain their real concentrations based on the gravimetric method and/or BAM.

Key words: Light scattering technique, GRIMM dust monitor, TSI optical particle sizer, Beta-ray absorption method, Gravimetric
method, PM;o, and PM, 5
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Fig. 1. Temporal variations of PM;,, PM, 5, and PM, s/PM,, from OPC, OPS, and BAM, and meteorological parameters.

J. Korean Soc. Atmos. Environ., Vol. 35, No. 3, June 2019, pp.357-369



o

362

A
ST

Z7Yetct A A A 2.5~10 um?l| SFsHE 20
P2 k= S7FSHAIRE PM, 59 Sk A 57t
512] 9= Ao 2 &4 9tk (Zhao et al., 2011). 1

2y AR 2Hbsh= 71do] @ d29e Au
A oA oA PM, 59 FEE PM, 0 @7 $7F
St} (Park and Cho, 2013; Zhao et al., 2011; Park et

al., 2007). ¥Fo] mlA|R=] ] 5k Y Al
PM, 59| ‘1= S7F5HH (Yu ef al,, 2019, 2018), #12F
EHER o]FoW 2YYAEY s AR
HASIER PM,5/PM, > S7I5HE B2 Heloh
wrbA Atet PM, ;0] e WA A] JAkE &7
719] &7 A3l digt A== E wshy] s =
PM, ™ PM, s 5=9] STk S5 PM, 5/
PM,,9] Hl-& A F83F 7} 7|Eo] ook qitt
ole} -2 oAl GRIMMAL OPCOA =4 H
PM,,20] HEE, QU= 2.5~10 um Ato]2] Zof
P2 T dEs] AE7HE 7] diwol Hete
£ =ol7] §18 54719] 7ol st 54 2
= gofehd, tf7] FollA AR PM, 02t PM, 59
I35 @AY Zpo] (714 24, &t A 5= =
Bkt ol ofgt PMyt PM, s 54 Ah o] 41F]
L5 AstA7l= ATE 2 ST S, thdRt Tl

7 235t F g 4719 54 RS

PN 7171 918 578 A AR Heb (A E S0, Al
571 A, A %Iiﬂ% T iAol Bagts o
k=g

19 2= PM,,@ PM, 59 A7H

Feof tigh F &
At Afol o] HIW (T2 2(a)2H(b)) 2t BAMI} T 37

T Afo]o] H|W (719 2(0)¢H(d)) AHE HojE
I AR ofet Bk Bl AE 19 194
tshA 71&3h vhel o] TSIAF OPSO] PM, %
PM, 2] 5% 7} GRIMMAF OPCE T} Z+2} 2,78, 1.7
vl =t} 1213 OPCeF OPSS] PM,, 5=+ BAM
Hr} oF 0.6419F 1.94] =4 OoH, PM, 9 FE+ oF
Louje} 1.78] &2 Zo =2 BRIFITt T2Lt Park
et al. (20162)°] FFA] QA oF 25 EQF 535t A
%717} 429 oPCe} OPSOlA =45 PM,, 2] o

i)

N

¢

X+ OPCYl 57t OpSHT} oF 8% =9ttt &
T2} Park et al. (20162)2] A7 A3r} 2 2ol &
il 0105 ofut M2 EA7|] FdEE 37
= AAE A AE719] A f5e 574 1*}
Jztel ot wA -7 Fol e
= Zolth. Aot of 17114 (33)7te] Hlw A
A2 AT 717 FolA QlE ARt BAM
Ato]9] PM, gt PM, 59| H Aib= FAbet S47
_4 4 ;Gg]-lzl__‘—:_' L:.O] _/T\_ ol
o, Al57] AA] F)o] BeT Ao r HIIth &
7] oloj2E JAe] &84 9 sfohd EA4Jo]
HiE9, 717 A —E—Oﬂ
72719 Tk v
wojof gA4ket UW]L 1 =3
et Gt o] Fojd 4 S

N(

O oo off kT g

qB5F

KL
2

d
Pl

d

J
o:

1F
oz |
rE
1o
Ho
1=
£

roh
Ao

)

)
ity
)
fo
A

N
Y, f ok

L

ol o2

o lo

3.2 ZUUT BT Y HEW By
AtO|2] PMyot PM, 52| HIW

Tpael 7o) v 247k Azt FEe s
AbgaHE 2ol ALkt 7 W g Al AL
k= B 7S] W7 oh2T} (Park et al., 2016b).
o £7719] o]d ZpolE HASH| fI5te] thF
A A e AEEo] A=At (Kim et
al., 2018; Park et al., 2016a; Kim et al., 2014; Wallace et
al., 2011). -5 et 273470l 3t PM, 0] 5=
5% (gravimetric method)©|4t BAMO] &3t &
wr} st o e i oS o
7] olzZ Aol W, FAE, 4, 27] 9 27
w23zof| oigh B34t mlitet EA4Jo] 711 (Kim et
al., 2014; Wallace et al., 2011). £3] A=t A7+
A Aofl AN BE AAE ol-8sto] FolA
~he ghs BAshks e Axl=T dAke] 2
2 A o] v e ollA] 4AFe] £7go] oo
A= 78-Folls dAe] Bk gro] EetA B= A B
A 5o 27t 27 S 4= It McNamara
et al. (2011)2 UF A4 74 (wood smoke) & FAF

9 (DustTrak, TSI, USA)2.2 ZAH PM, 0| 5%

> e

v

Il JIN' HN
o,

ol o
I

i

=7 EstE|X| 35 H M3 &



500
[ ]
° (@

‘2 400 L4

2

g

IS} 300

=

S

&

2 200

S

Q

2

E 100 ® OPSvs.OPC

Linear fit: y =2.69x - 9.33, R*=0.79

0 50 100 150 200 250
PM;, conc from OPC (ug/m3)

700

® OPCvs. BAM (C)
600 O  OPSvs. BAM

Linear fit: y = 0.63x + 5.44, R’=0.82

5004 ==~ Linear fit: y = 1.91x - 6.87, R’=0.87

400 1 000

PM;, conc from OPC and OPS (ug/ms)

0 50 100 150 200 250 300 350
PM,, conc from BAM (pg/m3)

A2 OIMEX] 2712 PMyott PM, 52| = EI} 363
300
(b)

a O  OPSvs.OPC

gﬂ 240 === Linear fit: y = 1.67x - 10.51, R’=0.83

2

%]

2 O .

o 180 o R

g O -7

o 7

& 88 PR

2 XS

=]

Q
z SRR

90 120 150
PM, 5 conc from OPC (pg/m3)
400

E ® OPCvs. BAM (d)
2 10! O OPSvs.BAM

can_‘ = Linear fit: y = 0.99x + 6.27, R’=0.91

o === Linear fit: y = 1.70x - 1.40, R>=0.79

E

<

@]

=9

o

g

<]

&

Q

=

=]

o

a

=

(=Y

160 200

PM, 5 conc from BAM (p,g/m3)

Fig. 2. Comparison of hourly PM,, and PM, 5 concentrations among OPC, OPS, and BAM.

= SHHEC 1.4~2.28) =8 T} T3 Wallance et al.
(2011)9] AFtollA= Lut di 7|2 oA Fatet
(DustTrak, TSI, USA) 2.2 Z43t PM, ; 5= 5
BT 2,648 =0T T T4 AT AR Ao A
3 Bl Aol M= A (DustTrak, TSI,
UsA)ell o3t PM, 5 F&=7F S BAMEH of 2
| =7 2AHE W, ol5& o83l 1t PM, 59
UZE 1.51~1.61 g/cm?®of| AT (Kim et al.,
2014). B> A7AREC] QJsf =& FAtt 7 o)
A A £74719] PM, 59 73 Al AR5
¥ E= BAM)= S8R BAMOf| disiAl 242t 0.38
~0.63, 0.46~0.70°] T} (Park et al., 2016b; Kim ef al.,
2014; McNamara et al., 2011; Wallace et al., 2011; King-
ham et al., 2006; Yanosky et al., 2002; Chung et al., 2001;

Heal et al., 2000). ©]<} 22 B4 Al5=9] ztol= 7]
5S4 274, vE 2FY, clol2F A ek A
&, AP 59 ZFolof] 7]91skS Aot

I 3(a)eH(b)E T, F P (GRIMM
OPC2} TSI OPS) & BAM®| 2J5fl 4 24417 3
9] PM, 1} PM, 59| F& BIBLE HojErh B3t 5
T T A 9 BAMATR] O] PM, 59 FE H]
WE 19 3(c)ofl HEFHSITE PM, 50 =78 {1 Zfo]

AH 24/ B s 7P APt 22 S
of o3t &L} AL v o™ (7]1+7] 0.977%
0.97) /g8 A w9 945 THR? = 0.937} 0.97).
T2y OPCO| ¢ STHHEC +9.3 pg/m*e] AW
& ZGSHATE OPS2] PM, = S HLTE oF 1.6H]

J. Korean Soc. Atmos. Environ., Vol. 35, No. 3, June 2019, pp.357-369



300

250 1

200 1

150 4

100

24-hr PM,, conc (ug/m*)

501

0 T T T T
03/12 03/15 03/18 03/21 03/24 03/27 03/30 04/02 04/05 04/08 04/11

Measurement period (2018)

210
b) PM —l  Gravimetric method
1s0] (0 PMzs Yo h— OPC
i T
%0 1501 ,'| =—ccmDemmee BAM
2 I
g 1201 !
153
= 904
(=™
£ 60
<
o
304
0

T T T T
03/12 03/15 03/18 03/21 03/24 03/27 03/30 04/02 04/05 04/08 04/11
Measurement period (2018)

Linear fit: y = 0.97x + 9.28, R’=0.93
——— Linear fit: y = 1.63x + 3.27, R’=0.82
=== Linear fit: y = 0.96x +3.43, R’=0.97

B 250
2 .
= (c) PM, 5 comparison
é 200
5] O
g
[}
£ 150
=
=]
g
£ 100
t @®  OPC vs. gravimetric method
5 O OPS vs. gravimetric method
< ¥ BAM vs. gravimetric method
2 50
=
(=Y
-
n
<
(o]

0 50 100 150 200 250
Gravimetric-based 24-hr PM, 5 conc (ug/m?)

Fig. 3. Comparison of 24-hr average PM;, and PM, 5 concen-
trations among OPC, OPS, BAM, and gravimetric methods.

(=1/1.63)°1% E‘r. , TSI opnga
e 471 YoM ASA e 0.619]
o] dasty 1A AFATA dojxl KA A4

35} 1_
4t PM, 5=

g A

200
180 @  Gravimetric method(GRA) - BAM (A) v
O  Gravimetric method(GRA) - OPC (B)
160 1 ¥ Gravimetric method(GRA) - OPS (C)
< === Linear fit (A): R’=0.19 v
S 140 { Linear fit (B): R’=0.44 v
é 120 ——— Linear fit (C): R=0.52 ¥ V¥ ®
Qo
= 100 {
e
T80
%
S 60
40
20
0

100 20 30 40 50 60 70 80 90 100 110
Relative humidity (%)

Fig. 4. Effect of relative humidity on absolute relative error %
of PM, 5 between gravimetric and optical scattering/BAM
methods.

o] #9](0.38~0.63)°] FstAt Tt et
S 7 oonz uAHx Lo AEH ¥
A (Kim et al., 2008)-& Hrge &=

Sl oJet Ak 24 Aol B

Aw= 47149l

% Wgo] Bast

ti7] oflol2E YAre| sfehA A4 0] Zpolof| ot
J2e] " ztole] Hste] st Fibetat
T AOl] PM, 50 54 atof| miAE kS
A Egkth BE ti7] § a2 ti7] cllol=E 94t
o A shkoll YIS vAl= Aoz dA Ut
(Lee et al., 2005; Tsai and Cheng, 1996). & A+ 4]
FEHol o3t PM, 59 A% sh= tl7] gl 9
ot FFe Aast7] foto] A= AHF - Fofl oft
1]94 !_\EE_ OF 40% 2 _{;G—s} kel 73145}0&1:}' :La]_,j
HIERA 35991 BAM %A 37] 129} of 7] A}
olof s]E7} *ﬁlFM FEE 2HSIER EHofgl7]
ol th7] F 429] ol PM, 50 A Fkof 7]
A= FF2 1|7 % Zolt}, ole} e 54 2L
19 3(0) 9] A ZAOA & 4 SRl BAMY S
] Abolo] PM, 5 F 0] Aol= 7o) TAYsHA] bkt
(PM, 5 (BAM) =0.96 X PM, s () + 3.4, R?=0.97).
Hhof ikt W] £47]Q1 OPCF 0PSO -9+
37| Frditel Al HAE AAIsHA] eobAl ti7] &

=71 stE|x| M 35 H M3 S



oy
rE

1} HEtM S-S 0188 2212

30
~ SIC
=] @®  Gravimetric method - OPC
B 201 Linear fit: R?=0.00
2 101
8)
g
: “Be
' 0
32 o
é 0% 9 (] P
£
5 -0 ° o
g
51 [ )
E r
5 20
£
2

-30 T " T T

0 20 40 60 80 100
Secondary ions conc (ug/m3 )

30
o~ ) ) NH4+
= @® Gravimetric method - OPC
® 20{ == Lincar fit: R’=0.00
E 104
)
-9
]
! 0
B -BO e® o ®
< [ J
3 L )
= 1o
g y X
= -20
s
)

=30 y

0 5 10 15 20 25
NH,* conc (ug/m®)

M OMER] 7712 PM; it PM, 52| HEI= EIt 365

o . . NO3_
g ® Gravimetric method - OPC
E:g = Linear fit: R’=0.01
a
=
a~
8
&
o
s .
3 )
= °
2 ® o
5]
E |
>
g
e
10 20 30 40 50 60
NO;~ conc (ug/m®)
30
~ S0
"‘E @®  Gravimetric method - OPC
:g 20 Linear fit: R>=0.01
£ 0
8
=%
< o
' 0
3 o® oo® P
[ ]
g FY ) [ )
g 10 _ﬁ‘\
k5] o
E L 4 °
§ =20
e
=30 y u y u
0 5 10 15 20 25

SO,* conc (ug/m®)

Fig. 5. Effect of SIC, NO;~, NH,*, and SO,2~ concentrations on difference in PM, s between gravimetric method and GRIMM OPC.,

b

o wd AN
oid

S5 WS} PM,s€) 27 Aol
oltk. B SRL ofol2E YA B

/R(S] e =Asl= r/}Oko} ZHH| 52

o
OO]l
fl

32,
o

g
Lo

aC)

lo,

o3l

£

o A

e
gl i, o
oy 2 4

)
N
N,
=
of
ol
o

N
).
o
r
n)
)
2,
lo
o,
R

fen:8 o= &= T Ml A < 9’]

el A 2719 e oIt = At

247014 AA R B e WS AR 5 9L
ek opyje}

& A A S4719] PMyt PM, 5 sl
= 7 Atk 39 4= AdsE7 SEHS
OPC ¥ OPS o2 HE =% PM,; ALO]
o] A 22k (%)°ll vlAlE dF= 24T ™ol

2
o} ol#l olg Wi Azte] W ol
_/'\__
6(}:

] ARl €] PM, 0] AHA eAb= [T
H-(AREPE B2 BAM)/EHH] X 100%2] Ahgt
O = Aklstieh oA AEe & S BAM
Atole] 7 Qb= Aig ol ofgk 7ol mln|st
AohH(R?>=0.19). 2184 S OPC2}F OPS Alo]
o] 24 ate g7t 71l wet Skl
tH(R*=0.44 (FFHT OPC)% 0.52 (FFH T
OPS)). o]A2 Fo] mAHA] ko] 574 A
£ Z27stet 8% AR Agstir 547 &
Y7ol S5 2HEhk= Als FA7F A= ofof o
= AR

Ol

J. Korean Soc. Atmos. Environ., Vol. 35, No. 3, June 2019, pp.357-369



30

E @® Gravimetric method - OPS
2 o Linear fit: R>=0.92

E SIC
2 =30

o

9

E]

g 60

g

g

g

k5]

£ 90

>

E

e

-120 " r - "
0 20 40 60 80 100
SIC conc (ug/m3)
30

o H,"
E NH
2

=

=

@

9

o

]

3

=

51

g

2

=

5]

E _90] . .

z @® Gravimetric method - OPS

S Linear fit: R>=0.81

-120 " " - T
0 5 10 15 20 25

NH,* conc (ug/m?)

30
"'g NO3
ES
a
=
e
2 -30
o
-
£
T —60
g
2
=}
5]
£ -90] I
2 @® Gravimetric method - OPS
g Linear fit: R>=0.57
-120 " " - - T
0 10 20 30 40 50 60
NO;™ conc (ug/m?)
30
) SO.>
g 4
2 o
=
o
2 -301
o
=]
£
T —60
g
2
=}
51
E =90 @® Gravimetric method - OPS
s Linear fit: R>=0.55
e
-120 - - - T
0 5 10 15 20 25

S0O,* conc (ug/m3)

Fig. 6. Effect of SIC, NO;~, NH,*, and SO,2” concentrations on difference in PM, 5 between gravimetric method and OPS.

3.2.1 2%} 0|2 M E2| 5o L 2HHO| PM,;
Sk 2RIt 2HA|
7] & PM, = d¥FH o2 NO,T, s0,2, 181
NH,*E FAEOo= 3= 584 o|2AE, ;(]71-/&-]

pu

TAsH= 74, 23 o] AR5 Tk S7PF
PM, 9] B & Z7lo] ZHAC
53 YTk (Yu et al, 2019, 2018, 2017). &7]€k4A4
E3} ¢&0] NO;5-, SO,>” ¥ NH, o} &2 24} o]2
AEELS HERANUAE 4 A 7= B4

gol

B[l r
o,
o
)
oo

o}l &3 A Ath(Seinfeld and Pandis, 2006). ©]2{$t

Aolz2 Qe BAE BA42) Bl 27 ol
AEEY T WL S FAREH ot
P, 3555 Holo] ol AT Hol 2] AT
Ak 19 58 62 24} o] 24 RS T TEH
I+ OPC (%4 OPS) FAteHgel| <5t pM, ;9] B
zpo|ato] o] APRHAIE AT TE S0k 1ol
4] SIC (secondary ionic components)+<= 22} 0] 2/d&
S0) 4] S8 ofuait. 27 o2 5 B
o= Y GRIMM OPC A0]9] PM, 5 5
2ol Aol FFe 4 ZHH(TH 5). F, oA

GRIMM OPCZRE ZA 5 PM,;9 srt= &=

£l

ZCH7[2EstE|X| M 35 E M35



ST HEM] S-S 0183 2210

oA
_l‘_l—?j]-E

7} ot eyt S TSI OPS A
]9 PM, 5 E& 2toli= 22} o] A RS9 Tk W3t

1 AATHR>=0.55~0.92). =, &
OPS_E-_—‘:}H ZXE PM, 9] 5
T S7tol et ixke] 74
S5 %11} U Holo] gfor S

Hg7HEE 2y skl

& 7]5ko] T2
ol5te] m M=
BAM—OJ Z_;H 75374.2 7]_%0;
2] Z747] (GRIMMAF OPC2} TSIA} OPS) <]
£ m7}stgiet. TSI OPSl| ol 4%t 117t 7
PM,;,7 PM, 9] &= GRIMM OPCe] 2Jsf =4
H s EHET oF 2. 749} 1.78] EFo, BAMof| 2]
& 249 s =x} oF 1 949} 1.74] =9t 18
U PM, s/PM, o2 GRIMM OPCOllA 7H =3ttt &
7 712t & OPC, OPS Y BAMO 2HE dojzl
PM, 5/PM;, 2] B2 22} 0.85+0.09, 0.50 +0.20,
0.53+0.170] 31t} 0]9} Z2 A= GRIMM OPCO|
A £ pM,,0] =7t Ads] ABrlE S-S ot
Aot FERiolu BAMOl oJjt 27 2tm & HiErS
& B3 3ol " ashs ou|gith
OPC®} 0PSOl 2J5t 24417t 3 PM, 5
ol ot Fret ufe =2 AT (R?=0.939}
0.82)= Ho]F o1t 77t oF 3% (+9.3 pg/m® HH)
o] A7}t 63% (+3.3 ug/m® AH)e] 1H7}(0.61
o] HA A A8 " a)E Yetligich 134 BAM
of oIt 2417t Wt PM, 5 HEE THH 25t 5
Lo} o9 =2 TS HojFglom FT A
o9 =5k (71271 0.96, B +3.4 pg/m’, 1
23 R?=0.97). At} gi7] Faket 7)er
O Z] 54 e2k0] FIHE dllow z

=

i
—_—

1. =
TE= %

=z AHO
o T

op|%t @

230

=}

M2h OJMHX] Z8719| PMyoilt PM, 50| HEE &It

367

Hof Al&7] (diffusion

4710] 584 L delT e A
A7V B2 71 27 ol 2HRES] b= F7hs
FPHIT OPC Ao19] PM, 5% 27l A2

8 DA e, SR OPSAlS] P
293 QIxt=2 28514t o]+= OPC
PM254 ASE b 3430 orse

= >
T 5ol meh WAl A7) w2l FF ol
52 g 4712 BAollA FArt 7]u o)
AR 574719 AR =S Brisor & Aol
e 2
o] =2 20179 FH (LEH)O] Ador g
TATAD 712 AFAIG S A L& ot #yH A

T4 Y TH(NRF-2017R1D1A3A03000511).

References

Bae, M.S,, Park, D.J,, Lee, J., Ahn, J.Y, Lee, Y.J. (2016) Source Analysis
of Size Distribution and Density Estimation in PM, -
Part II, Journal of Korean Society for Atmospheric
Environment, 32(2), 158-166, (in Korean with English
abstract), DOI: 10.5572/KOSAE.2016.32.2.158.

Chung, A., Chang, D.PY., Kleeman, M.J., Perry, K., Cahill, T.A.,
Dutcher, D., McDougal, E.M,, Stroud, K. (2001) Compar-
ison of Real-time Instruments used to Monitor Airbor-
ne Particulate Matter, Journal of the Air Waste Man-
agement Association, 51(1), 109-120, DOI: 10.1080/
10473289.2001.10464254.

Cheng, Y.H. (2008) Comparison of the TSI Model 8520 and Grimm
Series 1.108 Portable Aerosol Instruments Used to
Monitor Particulate Matter in an Iron Foundry, Journal
of Occupational and Environmental Hygiene, 5, 157-
168, DOI: 10.1080/15459620701860867.

J. Korean Soc. Atmos. Environ., Vol. 35, No. 3, June 2019, pp.357-369



Crilley, L.R., Shaw, M., Pound, R., Kramer, L.J., Price, R, Young, S.
Lewis, A.C., Pope, F.D. (2018) Evaluation of a low-cost
optical particle counter (Alphasense OPC-N2) for
ambient air monitoring. Atmospheric Measurement
Techniques, 11, 709-720, DOI: org/10.5194/amt-11-
709-2018.

Heal, M.R., Beverland, I.J,, Mccabe, M., Hepburn, W., Agius, R.M.
(2000) Intercomparison of Five PM;, Monitoring
Devices and the Implications for Exposure Measure-
ment in Epidemiological Research, Journal of Envi-
ronmental Monitoring, 2, 455-461.

Kim, E.Y., Kim, S.M,, Jung, SW,, Lee, Y.M, Oh, SH., Park, G.T, Kim.,
K.H., Kim, J.H., Hong, Y.D., Lee, T.Y., Bae, M.S. (2018)
Determination of Hourly Density Using Real Time
PM, 5 Mass and Volume Concentrations at the Road
Side-OPS Correction Based on Optical Absorption of
eBC, Journal of Korean Society for Atmospheric Envi-
ronment, 34(6), 865-875, (in Korean with English
abstract), DOI: 10.5572/KOSAE.2018.34.6.865.

Kim, J.H., Oh, J,, Choi, J.S., Ahn, J.Y,, Yoon, G.H,, Park, J.S. (2014) A
Study on the Correction Factor of Optic Scattering
PM, 5 by Gravimetric Method, Journal of the Korean
Society of Urban Environment, 14(1), 41-47, (in Kore-
an with English abstract), UCI: G704-SER000008814.
2014.14.1.006.

Kim, S.-D., Kim, C.-H., Hwang, U.-H. (2008) A Study on the Parti-
cles Density Estimation in Seoul Metropolitan, Jour-
nal of Environmental Health Sciences, 34(2), 131-136.

Kingham, S., Durand, M., Aberkane, T., Harrison, J., Wilson, J.G.,
Epton, M. (2006) Winter Comparison of TEOM, MiniVol
and DustTrak PM;, Monitors in a Woodsmoke Envi-
ronment, Atmospheric Environment, 40, 338-347,
DOI: 10.1016/j.atmosenv.2005.09.042.

Lee, J.H., Hopke, PK., Holsen, T.M., Polissar, A.V. (2005) Evaluation
of Continuous and Filter-Based Methods for Measur-
ing PM, s Mass Concentration, Aerosol Science and
Technology, 39, 290-303, DOI: 10.1080/02786829092
9323.

McNamara, M.L,, Noonan, C.W., Ward, T.J. (2011) Correction Fac-
tor for Continuous Monitoring of Wood Smoke Fine
Particulate Matter, Aerosol and Air Quality Research,
11(3), 315-322, DOI: 10.4209/aaqr.2010.08.0072.

Park, S.S., Kim, Y.J.,, Cho, S.Y,, Kim, S.J. (2007) Characterization of
PM, s Aerosols Dominated by Local Pollution and
Asian Dust Observed at an Urban Site in Korea during
Aerosol Characterization Experiments (ACE)-Asia Proj-
ect, Journal of the Air & Waste Management Associa-
tion, 57(4), 434-443, DOI: 10.3155/1047-3289.57 4.
434,

Park, S.S., Cho, S.Y. (2013) Characterization of Organic Aerosol
Particles Observed during Asian Dust Events in
Spring 2010, Aerosol and Air Quality Research, 13,
1019-1033, DOI: 10.4209/aaqr.2012.06.0142.

Park, D.-J., Lee, K.-Y,, Park, K., Bae, M.-S. (2016a) Diurnal Size Distri-
butions of Black Carbon by Comparison of Optical
Particulate Measurements - Part |, Journal of Korean
Society for Atmospheric Environment, 32(1), 1-8, (in
Korean with English abstract), DOI: 10.5572/KOSAE.
2016.32.1.001.

Park, S.-S., Yu, G.-H., Kim, Y.J., Rho, S.-G., Ryu, J.-H. (2016b) Field
Evaluation of Real-Time Fine Particle Monitor using
Light Scattering Technique, Journal of the Korean
Society for Environmental Analysis, 19(1), 44-53. (in
Korean with English abstract)

Park, S., Yu, G. (2018) Effect of Air Stagnation Conditions on Mass
Size Distributions of Water-soluble Aerosol Particles,
Journal of Korean Society for Atmospheric Environ-
ment, 34(3), 418-429, (in Korean with English
abstract), DOI: 10.5572/KOSAE.2018.34.3.418.

Seinfeld, J.H., Pandis, S.N. (2006) Atmospheric Chemistry and
Physics: From Air Pollution to Climate Change, 2nd
Ed., John Wiley & Sons, Inc.

Sousan, S., Koehler, K., Hallett, L., Peters, T.M. (2016) Evaluation of
the Alphasense Optical Particle Counter (OPC-N2)
and the Grimm Portable Aerosol Spectrometer (PAS-
1.108), Aerosol Science and Technology, 50(12), 1352
-1365, DOI: 10.1080/02786826.2016.1232859.

Tsai, C.J.,, Cheng, Y.H. (1996) Comparison of Two Ambient Beta
Gauge PM,, Samplers, Journal of the Air and Waste
Management Association, 46, 142-147, DOI: 10.1080/
10473289.1996.10467446.

Wallace, LA, Wheeler, AJ.,, Kearney, J., Van Ryswyk, K., You, H.,
Kulka, R.H., Rasmussen, PE., Brook, J.R.,, Xu, X. (2011)
Validation of Continuous Particle Monitors for Per-
sonal, Indoor, and Outdoor Exposures, Journal of
Exposure Science and Environmental Epidemiology,
21(1), 49-64, DOI: 10.1038/jes.2010.15.

Yanosky, J.D., Williams, PL., MacIntosh, D.L. (2002) A Comparison
of Two Direct-Reading Aerosol Monitors with the
Federal Reference Method for PM, 5 in Indoor Air,
Atmospheric Environment, 36(1), 107-113, DOI: 10.10
16/51352-2310(01)00422-8.

Yu, G.-H., Zhang, Y., Cho, S.-Y,, Park, S. (2017) Influence of haze
pollution on water-soluble chemical species in PM, 5
and size-resolved particles at an urban site during
fall, Journal of Environmental Sciences, 57, 370-382,
DOI: 10.1016/j.jes.2016.10.018.

Yu, G.-H,, Park, S.S., Jung, S.A., Jo, MR, Lim, Y.J,, Shin, H.J,, Lee, S.B,,




ST HEM] E+HS 0183 22101 M2 O[N] £Y7|2f PM; ot PM, 52| Fat: EIt 369

Ghim, Y.S. (2018) Investigation on characteristics of
high PM, 5 pollution occurred during October 2015 in
Gwangju, Journal of Korean Society for Atmospheric
Environment, 34(4), 16-37. (in Korean with English
abstract), DOI: 10.5572/KOSAE.2018.34.4.567.

Yu, G.-H,, Lee, B.-J,, Park, S.S., Jung, S.A., Jo, M.R,, Lim, Y.J,, Kim, S.
(2019) A case study of severe PM, s event in the
Gwangju urban area during February 2014, Journal
of Korean Society for Atmospheric Environment,
35(2), 195-213, (in Korean with English abstract), DOI:
10.5572/KOSAE.2019.35.2.195.

Zhao, J,, Zhang, F, Xu, Y., Chen, J,, Yin, L, Shang, X. (2011) Chemi-

cal Characteristics of Particulate Matter during a
Heavy Dust Episode in a Coastal City, Xiamen, 2010,
Aerosol and Air Quality Research, 11, 299-308, DOI:
10.4209/aaqr.2010.09.0073.

Authors Information

o8 (HeShaL g A3kt A Akg)
uh 4] (ATt S ou A g ek %)

J. Korean Soc. Atmos. Environ., Vol. 35, No. 3, June 2019, pp.357-369



	중량법과 베타선 흡수법을 이용한 온라인 광산란 미세먼지 측정기의 PM10과 PM2.5의 정확도 평가
	Abstract
	1. 서론
	2. 실험 방법
	3. 결과 및 고찰
	4. 결론
	References


