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Abstract

The secondary aerosol forming potential of ambient air was first measured with the Potential Aerosol Mass(PAM)
chamber at Gosan supersite on Jeju island from October 22 to November 5, 2010. PAM chamber is a small flow-
through photo-oxidation chamber with extremely high OH and O, levels. The OH exposure in the PAM chamber
was (24 0.4) x 10" ~ (64 1.2) x 10" molecules cm™3 s and was similar to 2 to 5 days of aging in the atmosphere. By
periodically turning on and off UV lamps in the PAM chamber, ambient aerosol and newly formed aerosol (e.g.
caled as PAM aerosol) was aternately measured. Aerosol number and mass concentration in the range of 10~ 487
nm in diameter was measured by SMPS 3034. With UV lamps on, the nucleation mode particles smaller than 50
nm in diameters were formed. Their number concentration was greater than 10° cm™3, leading to increase in aerosol
mass by 0~ 8pg m™3. The variations of PAM and ambient aerosols were greatly dependent on characteristics of air
masses such as precursor concentrations and degree of aging. This preliminary results suggests that PAM chamber
is useful to assess the aerosol formation potential of air mass and its impact on the air quality. The further analysis
of datawith gaseous and particul ate measurements will be done.

Key words: Potential Aerosol Mass (PAM) chamber, Secondary aerosol, Photo-oxidation, Aerosol forming
potential, Ambient air

*Corresponding author.
Tel : +82-(0)2-3290-3178, E-mail : meehye@korea.ac.kr

= 7187432 A 27 A A 55



o]z} olojB <& A ZA= H7FS ¢]8 Potential Aerosol Mass(PAM) ¥ 9] Al Fx wAF 7] 84 28 535

1.4 =

7] F EAske ololEl&e A 7=l o
W EdelA EejHoz A wiEEs dab ool
< (Primary Aerosol: PA)3} t) 7] o) o]n] &x)3}x
U AT-EAe] F3st m Fshikgel s A

= o]z} of o)< (Secondary Aerosol: SA)= g
4> 9Jo} (Seinfeld and Pandis, 2006). o]z} of o] <2
F2 A AL g el EAEH] Wl Al WA
T oJgfol =m shaby 4ol wek A 32
3 (Cloud Condensation Nuclei: CCN) oz 9] o3&
shm] A F-EApg 3ol oJ3kE 7]%1v (Batensperger et
al., 2008; Forster et al., 2007).

o7 elejeige] @ 4 9t AFEAEE SO,
NH;, NO &} < Volatile Organic Compounds(VOCs)
5 5 e o F 53 o) 7] clelei(Se
condary Organic Aerosol: SOA)e] & 4~ 3J= VOCs
o) F7 9 QA 7)zte] vl Bgksly wwesiet.
F| el = 1 52t SOAL] AF7A 2 AAAA] o=
isoprenee]1} Primary Organic Aerosol (POA)o] vl 3
g o ZEA)3}l= Intermediate VOCs (IVOCs), Semi-
volatile VOCs (SVOCs), == uj-$ 3]Alo] 73t
CH,= o)A} ofleje|& Aol 7|4% 4 lvke o
T A3yl BuEr)= skgo (Carlton et al., 2009;
Presto et al., 2009; Volkamer et al., 2009; Robinson et
al., 2007). w3 A3} oejelgo] o]} ool A
A4 wrgel deoz EAEAY, G-Iy Rl o
ol s F= 5o AuAge A= ooy
%°] v 9 AAL WA S gloe A7 2
% gt} (Volkamer et al., 2009, 2007). welr] of o]
Zo] AFHAL FFPell FE FFE AFs] Fetsir]
s Foluoke SOA2 elEA 9 QA =7}
YF 59, 2ela SOA7L 7] FellA] 33}stest
(photochemical aging)gell & 54 wWHalel] st
A77t s

SOAS] A4 B 3lel] gt A7 2HlE 9 &
23 AME o4 APoez Fz oTeizn
(Hallquist et al., 2009; Kroll and Seinfeld, 2008). ~x.
2 AME S e oy gl WA ek
(batch style) B -2 w5712 vl7] F3} Ak A3}
7102 93e] SOA QAL BARSH: Aol ufe}

A g AAYE R AR BF Y RS 7
el ¥ §-8314 o] 8-% o) (Alfarraet al., 2006,
Lee et al., 2006; Gao et al., 2004). s}A|5k wjx] e}
Qo) 2w A T4 wall losz Q13 7HA o]
= 31 (Matsunaga and Ziemann, 2010), SOA A w2

of wj-¢ =Fellx= Estar AW W] AFAZe] 5

et 24T & gl
defeiee] S4wste B ol eh weby
71ze) 2ma AW AYAE vighoz I SOA
yielde] =98] Az= A4 W7] FolN A5 3%
Hel wg- vbol 2 922 R} (Volkamer et al.,
2006). T3 227 AWML =7)7) wj$ =23 o] Fo|
ofg]-gw =7] W u3A|zEe] AgAd oz AA df7]
FolA oA} elejE & A FAHE Frkshe &=
28 2d 5 g

web 277 g wekskn Al drlele] 4
42 s PAM w7} 1kE A+ (Kang et al.,
2007). PAM A 1 qkoz Ao fape] 3717}
A%Hoz a7 sv] sake] OHY 0,3 YA
A o)z dlelele AFAIA AL FA1A)
715 g2 Akl o] x4} ellofel o] AAE st
B3t oleh SO, 9 il F72) AHdd =
Q9% VOCsg PAM Aw| <lof|A] wEEAIA o]
oele&s dupt adHoz A=A, 1
AR o]A} ofloi]&e] yiedr} Am T A o]
Aste} wwd S 9leE WS PAM A7} 3719
w3y e 448 wAE & Qg BelFdn
(Kang et al., 2007). =3 PAM ] olell 4] SOA
TF7I1A1 8] 5 ¥ 5= 223 OH exposures]| w}e}
A RBAE SOAL] AbstEAl o] =3t AlA] df7]el| 4]
277 SOAS B3} §AHHS whalo 24 (Kang et
al., 2011) PAMAI® 7} SOA®] aging processE -
shedl 483 29 4 9ee BelFgin o
AFIFANE Q455 FAo) Ashilgr)E AHS
3lo] SOA<S] OHell w}2 heterogeneous oxidatione]
W3t A7AE dEsARE Adx7]e] AA
7] 27 3= 23t} (George and Abbatt, 2010; Jimenez
etal., 2000). PAM 3 E o] 48 A 27HA) ) A7
2 AFANA AR 2704 AR AF7)A

SR
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siglon), g71Al6) Be slelei&e) A4 SAE =
AFsigiet.

oj3lL

2. oidty

2.1 PAM #uo| = gl 27|

PAM (Potential Aerosol Mass) = sl Al o}
FRHAmAA SN F3}shilE- (photo-oxidation)
A o]t} (Kang et al., 2007). PAM 1] 2] 2] UV
lamp (BHK Inc. 185 nm ozone producing Analamp)ei]
23] H09 0,5 F#s|A1H OH, HO,9} &8 A
Aste] ZkaAk 9 A B o] BEE A
do7lE Aelot o] F3}e}t A3} wk-g o= o)z} o
ogj&o] Az WAFHAY 7|E dlej&e] &3
3 EAo] wistem skao] 24 B AR HI=

[ NN

ou]3

Qofubl ek o) & chepat 4
A 5 ek

o] AFoA AL2-E PAM Fwi= A9 7oA
A TRsstESs A AlRtEglen, I¥ 1A B
7| uhel zte] 43 (182)E)) rulE AL
£3 Adde ¥ sje] UV Az AAsHdct UV

471715 AA 3t

Ay

Pz A4 g7l B Qs wssh)] et o
B 3 kol Adsd AT A, HE
£ % el Tk e AS Ee] 9Fo]
nol F455, UV Yol 24T D2 st
A58 5 ol7] WEe] olg WA $istel Ak
ek dsdes w27 Sk AE e 9%

Hoz Ay UYrz =7 o 37 9 0,9
H,0= 185nmse} 254nm sh3ke] UV zA}el] o4 3
23 Ho] 2= OH glt)z-& AAsI=1 O,/OH/

HO,2] Atz HlF-Lo) o]sf] dA3 2&3 OH »x7}

A= ek AA g 8- Kang et al. (2007)o1] <133}
At dlejg&e 2H QA A"o T FHlE
SMPSe} 22 A& EAA || AZst 2E 59
7kt B HEE S 7179 o %}‘ﬁl Gk
ZA3ch PAM A= 18 13} 7o) 1A A A

x| 2e) Ax]slx Scanning Mobility Particle Sizer

_i' X Lamp On/Off every 2 hours

Mercury lamps

I Body: auminum plate

Roof

SMPS 3034

—_t

o)

O; monitor

Pump for
dump flow

Fig. 1. Schematic diagram of the PAM chamber setup at Gosan supersite.
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Azt er, AnelA AR FAge] 228 A7
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L 37)e d4A o2 PAM AW E E3sle] SMPS
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o1 ollojeld A WS Ag Ao o ysdeh
& Agel P, PAM AW E ExalA) ohoke o)
Ehalol e Ao PMOBS] ArEs Hlws
ugked PAM #uE Edelede A% Ao o
10%9] £4Tke] 913ich & Afel e A 712
G4 PAM A= Ea3hes shaA PAM A
o WV AxE Al e A e o] F 2
AT R A ollelel &) Fmsl PAM 3ulol 4]
AR o)A olelel &) FEg ZHUY) ool
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2.2 OH exposure calibration

OH exposure:= 5’—7]7} 7] &9 F2

OHell @mh} -

°oF AN7A Asdoz Sasgor] 109 23

Aok A=

RV 2

Ak /1

AT e FE gles

OH ¥ x=¢]| exposure time (=ZX|&A|7HS F3}o]
< 4 vk OH g Z-2 O HO07F UVell 25

FE A AAEA

olg Os= Zre] AAH.

W}EW OH exposure= UV #z2] A} 7}=¢} H,0O
ol me} Wsjei Hn ohe 13 29} 7] OH

Table 1. Summary of the average meteorological parameters during the experiment.

Date Temperature(°C) Relative humidity (%) Wind speed (m/s) Wind direction(°)
Mean (Max, Min) Mean (Max, Min) Mean (Max, Min) Direction (hours)*
10.22 20(22, 18) 63 (75, 45) 5(9,2) 2(8),5(6)
10.23 20(22, 18) 75(89, 64) 4(6,2) 5(11), 2(9)
10.28 12(13,11) 54 (64, 36) 12(16, 8) 34(14), 36(10)
10.29 13(16, 9) 57(65, 51) 7(12,4) 36(16), 2(4)
10.30 13(17,14) 60 (67, 55) 7(11,4) 34(9), 36(8)
10.31 15(16, 14) 64(74, 44) 9(15, 5) 34(13), 36 (4)
111 15(16, 14) 51 (59, 39) 13(16, 11) 32(17), 34(7)
11.2 13(16, 11) 57(66, 45) 14(15, 13) 34(15), 36(7)
11.3 12(13, 10) 53(59, 47) 8(12, 4) 34(15), 36 (7)
114 13(16, 10) 59 (67, 47) 4(8,1) 32(9),5(5)
115 15(17, 13) 58 (65, 46) 6(8,3) 34(10), 32(5)

*Direction (hours) represents the most 2 frequent wind directions and their lasting hours.
The north is denoted to 360° and the south isto 180°, which is measured every 10°.
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exposure B4 ¥ Azg ALgstel PAM A
9] OH exposure Ztg F3}93t}. Parameterized OH
exposuret= AW o] $£37) wEel UV Az 24}
2Z3E AAHE Oy F=s s WakA7)a o
o A= OHeoLel ub-gell o3 4~mEE SO, 7t
29 5% Aol g olgste] APHoz Fahgrt. o
W SO7k OHsle] wgel olsf awse Ae
heterogeneous reactione] 2]8)] £AlE|= 7o 2 RE
TFE317] S5kl AFA el A pureairel] 2%57] 9}
SO, 7228 EWT F SO, wx WshE FHs}e]
ostgich A8 A3, 4=F W3l OH exposure &
WA 7= | 7] =rt vlu]Eigion, o =)
H,0 s =rle] & W3ts Fof o5 F FAZE A
43le] AYPAL F35}9dth. OH exposured] Q3=
SO, 05, %, v, 5, &8 A B H= 23t
Z 0|83} propagation erorE o] &3}y 21% (absolute
error, 20 confidence level) 2 ¢ o] % t}. Parameterized
OH exposure A& A}g-3te] OH 22 Fx=8 34
A drn= G4A SR & dE A7 F A
o} &=, 72]3 PAM A WelA AEE O3 5=
e Asdste] Anl o] OH exposure kg A4S
o2 ¥ 4 YU 0% 0F el AHgste]
A4 24T HO ()] F=E 1A 7RS4
o) At £} L= B2 FE ol g3te] Ansid
o W7 F Adgzd o 2R AR,
PAM A8 WoA]¢ OH exposure: (2+0.4) x 10*

ﬂ H‘l oL

PAM OH exposure calibration
1le+13

Parameterized OH exposure=
2.7x 10" x [O5(ppmv)] x [H,O(percent)]®

O

-
Atmospheric agir?g time(Days)

le+12

o Valid within-Flow rate 3.2~8LPM

-0, 0.6~20ppmv
-H,0(g) 0.22~2.02%
(Temp 21~25°C, RH 6~69%) || 1

le+ll

le+1l le+12 le+13

Parameterized OH exposure (molecules cm3s)

Measured OH exposure (moleculescm = s)

Fig. 2. OH exposure calibration curve and the empirical
formula for the OH exposure. The absolute uncer-
tainty in OH exposure is estimated to be +21% at
the 206 confidence level.
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~(6+1.2) x 10" moleculescm=3s=z j7] F vt
Q] OH ¥ %Z 1.5x 10°moleculescm3o)2} & A
(Mao et al., 2009) 2~59 Z<F 3} (aging)¥ =71
viehdch PAM A1¥ W] OOH ¥]&= 2 2x10°~5
x 10° =Fo0| i} AA| 7)o M= OHe| g7} 2~
20 x 10° molecules cm™3¥ 2] A} =A] W35} (Ren et
al., 2003) e]oj] we} OyOH u]:= 10°~10° WA =]
A3 Al7tel| wel g2 A vehde oeba AlA g 7]
Hep PAIA il 22 0% OH sxol= &7
3la, 2 A Y] v)E 73S 9 PAM 9] AL
337 o] AAY 79} 27 2R dgE HelFH.

Mo Ho 12

3. ZAx { nE

3.1 PAM 53 Z3} si|M

PAM AW =2 23} siMe] digh AAg A9
f13te] 1149 4% 3AlA TA7HA 9] SAHAAE
<ol Yepisich PAM el A UV R Z5 Z1&
(PAM On 271) O, 5=+ 1ppmv ooz Z7}s}
on, Pzg 119 O; =L F4dte] 50ppbv o3}
o H7] F v= WAE FAEHAR O 5EE AZ
£ AR} vl g w2 A S om O; 5=t 7t
s A SOl clejelE Agrrs 3ol Z7I8)
AeH(2E 3(d)- ol F=ZE Ax FAle O; % OH
7b AAEY AFEAe] 333t Alshk-gel] o3 o]
ap ellejel o] A WHE= wff w2 doitgS
oJu) gt} o] A= AN 2 A8 (SO,
¢} &+ VOC)& A3t A=} (Kang et al., 2011; Kang
etal., 2007)8} wi-¢- frARSEd oW, PAM A5 A4
A7)l HE3HE W= o]z} olej&e] AAIuRE
o] =7t o2 wi- wh2 A dod BTt

PAM el A UV =7} AR S e} 237 o

LR & o

o

2 wj& I3 3(@olA B, PAM ue] UV =
7} AFR 4Ae1A 6A] Abel2] olojeld A F=

AE 7712 3~44], 6~7A] A]7|HT} E=9tc} o
T A7) Foll EAlska QR olelelE ATEAEC]
UV dlze) 2z AR sake] OHeL Ol 93
AbLE 3L o]} dejElEr A F=rt Fvls)
97] wj&Felct. webr] 7] Fof o|n] ExjEti gl
o (pre-existing) ol el2l 2] Fxel PAM o] 33
shahashakgoll o8] AAE ollele&e] = Aol
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Fig. 3. Detailed view of PAM on and off measurement on November 4. (a) Time series of aerosol mass concentration
obtained by SMPS volume measurement (PMO0.8), (b) average aerosol number concentration distribution for
PAM on and off condition, (c) average aerosol mass concentration distribution for PAM on and off condition.
21% of absolute error bar (2o confidence level) is considered for OH exposure.

J. KOSAE Val. 27, No. 5(2011)



540  7}&3} - William H. Brune - 7JAF-%- - 43 - A28 .
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7 Hobd AE 5 Qe o4& w=EeEln
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A ZAEE AAl d7]M ExEe ool &t
TEEES P

2% 30), (OF W= AE A9 2L W) U
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we Az A7) AF A2 1589 A
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ol 7] Foll o] SR ellof2i&el| partition-
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o5 shakeg MelFch PAM Off 73be) Sy
= Hd 10%particlescm ™3 =] 2kgkor} PAM On
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