Rz BRSEA 4179 A2z
1. KOSAE Vol 17, No. 22001} pp. 157~ 167
Journal of Korean Society for Atmospheric Environment

CEAXHED HEXHoM tho] =
PAN (PeroxyAcetyl Nitrate) &%

Measurements of Peroxyacetyl Nitrates at an Urban and
a Rural Site in Korea

M4 e-01z8 3-8 3 g
HEEy T, "EE Fei e R Tt
(20000 84 249 F 4=, 20013 24 89 A=)

Saewung Kim, Gangwoong Lee"” and Kyung-—Ryul Kim*
Dept of Oceanography, Seoul National University
YDept of Environmental Seience, Hankuk University of Foreign Studies

(Received 24 August 2000; accepted 8 February 2001)

Abstract

Although PAN has long been considered to belong to one of the most characteristic photooxidants, its concentra-
tions have rarely been measured in a systematic manner in Korea. The first in-situ measurements of PAN were
made in concert with simultaneous analysis of NO, NO,, Os and UV -Visible radiation intensity from Seoul and
Dong—-Hae during Spring and early Summer of 1999, The aim of our study was to evaluate the behavior of photo-
chemical species in a highly polluted urban air and a relative clean one. PAN were determined using a semi-—auto-
mated gas chromatograph equipped with an electron captured detection system. Calibration of the PAN was done
by synthesizing liquid standards using a strong acid nitration of the corresponding peracid. The PAN concentra-
tions were found in the range of a few ppbv in the urban air and persistently less than a ppby in the clean rural airs.
Diurnal variations of PAN and Os were also observed consistently during the experiment with maxima occurring
during the late daylight hours. While the positive dependency of O3 production and PAN concentrations were ob-
served in most oceasion, the dependency became deviated significantly under changes in air masses.
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Fig. 1. The schematic reaction diagram of photochemically reactive species for O, and PAN formation.

£ Eo} st whgo) BUEA AYHT 9 &
A%l 7]l F=2 AAFd (Cox and Roffey,
1977). webA PAN A 288 o e 294 w7
AN f28 B v FFeR FolAH Ho)
PANZ ool vlf- ofgt Rtz sglE= dubd
o2 20°CellA] ~o] 3084bel] E = glo}(Seinfeld
9} Pandis, 1998) 35}5ta AlAde) ZohE¥) =)w
TE7F FA oAl AdE Ady. olelgt 4
2 PANy= 237} 292] |A|#pe] @y 514
=} (Singh er al., 1985). PAN2] A7 AE Oy
) Aol Fawh HFEAS peroxy ezt 9l
NO:# 434 g8& s, ditslzt ® 45
oz peroxy A2 B N0l ZFY 48L& 3
A= e} 0; F3}8 44 mrlo] ] PANe) tj&t gk
o] 28 RFoz <dAslm 9o} (Frost et al.,
1998). =& 7}&-of holxw PANS| o] ujs-
ol A g 0°Cell A 8A[zh o|2fqh AAds <l
24790 4 PANo] 7 AFHFAF
3 AFAq ez A o FS slAE) A
2] NO, 3-Fde] Hy 7oz d2iA ¢Ich(Singh
1986). o]=jdt Faletxox Foadt Aag
Aste] PANL o|w] g2 shalgel ofsle] F4o|
o] #o] A (Singh et al., 1985), H 2 SolM = o}of
g A2 2w gl s a gl (Gaffney er
al., 1998; DeSantis et al., 1996). 3FA| %} ol 4] ¢
A A7 obA] AlwtAel st A oo (7
AlE 5, 1999, b; A& 5, 1998). & d7E 24
AY Mg gm FRPA2 I ARG (FHA
ARE A Mgdadm Fdsiokd A
PANS| 22r& $allslit FAls 4% NOx,0; 74
28] A4y Helg 53 $8 =k ti7] F PAN

et al.,

#Fc @A sl) A7 A2a

o dgg olelalr] slT A7 Al =she;

2. Y2 o WY

2.1 GC-ECD AlAHe| 1M

Al#E 100 ml gas tight syringe (SGE Co. LTD.,
Austrailia) & o] 8-3le] FEAdA fF 0= s}
Bt 17 2¢] PANS 24817 93 GC Al A~8l9]
HeE el n AARle) Alokg 07 16l AE)
stadet. 271A (P-5 gas)sl] &Jshe] 74 cco) WE
Fzo 93 A2E ¥ @A8% QF-1 Chromo-
sorb G- AW DMCS 80/100, 1.2 m with 1/8" O.D.
Teflon tubejell A He]¥e] ECDE %1}5]71] g}
A7 Ave XE AL HEE {FRE o4
wh3-Aol 7t Mmool wWAlg ﬂJi stazA} shed
e o)l gk M Al 2ElS o] 88le] Qdojx) ¢BH
ol ZErieaflE ¥ 3-A, Bej vepdigch 2
H 3AE Sippbve] £FEA e Feopnag s o
H 3BE 13ppbvel W7l Alme] zmzviEads
yehf gl A FA e 3238 della AR,
PAN-Z ol 2]3led 4A Fal¥7] djf-o v
FAL fisted BEARC FE siste] M 2
of F=7} glojAl=rlg Ao vby g Al43h

rlo

IO

Table 1. The specifications of GC system used in this

study.
Columa 4.8% QF-1 Chromosorb G-AW DMCS
o 807100, 1.2 m with 1/8” 0.D. Teflon tube
Sample Loop 7.4cc, with 1/8" O.D. Teflon wbe

GC Shimadzu GC8A
Intcgrator HITACHI D-2500
Oven Temp, 35°C

Detector Temp.  70°C




=A ARG AAAGe AL H7] F PAN (PeroxyAcetyl Nitrate) 7] 159

Sample inlet from

From Glass manifolder

Syringe injection adapter Teflon Line
(For standard calibrationy | oo Stainless Line

Vent

Three way valve

Sample loop(7.4cc)

Vacuum pump 1N

Pressure Regulator

Carrier gas
P-& gas

I Bubble flowmeter

()
Separation column(35°C) ECDw
4.8% QF-1 Chromosorb G-AW DMCS 80/100,

1.2m with 1/8" 0.D. Teflon tube

Integrator {HITACHI D-2500}

Fig. 2. The schematic diagram of GC - ECD system for PAN measurement.

A
Jort Chromatogram
-t , of PAN Std.
a.L
Ex Conc. 5.1ppbv
“r Ret'n time 3.25 min
ol
o
By_ _
= Chromatogram
an of Ambient Air
(S
g
5 L ) Conc. 1.3 ppbv
k- Ret'n time 3.26 min
L
G,
i_‘; Chromatogram
WL of Heated Std.
-
=
al- H Peak disappeared
e

Fig. 3. A) The chromatogram of 5.1 ppbv standard B} The chromatogram of ambient sample; the concentration of

ambient semple was 1.3 ppbv C) The figure showing the disappearance of PAN peak in heated standard.
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Table 2. Results of precision tests for PAN analysis.
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Fig. 4. The result of linearity test of GC-ECD system for
PAN analysis.

Trial 1 4 3 4 5 6

7 3 9 10 Avg., St.Dev. St.Em.(%)

Peak area 62661 58843 64,606 56316 47414 48355

57,734 50664 60,158 51454 553820

6036 10.6
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Fig. 5. The 2 hour averaged diurnal variation of NO, NO;, O; (A) for 5 days of daily O, production higher than 40 ppbv in
Seoul B) for 4 days of O; production lower than 40 ppbv in Seoul, C) during the whole measurement period in

Dong--Hae.
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Fig. 6. The typical daytime variation of PAN, NO,, and Os
A} in high photochemical Qs production day in
Seoul. B) in low photechemical production day in
Seoul. C) in Dong-Hae. The vertical bars indicate
the analytical uncertainties in measurements.



2AA 95 FRAA G2 7] = PAN (PeroxyAcetyl Nitrate) 234

4. 1 #H

4.1 PANZ} NOx, O:2t9| AEa|

PAN2| fzjata] Aol it ol & A3l FAl
o HAY NOx % O:¢he] ARAAE Al
NOxE PAN2| AFEA=RA o|&9 AL
NOx7} PAN2| Aol o= A= 7l & 4 &
Aol gt AuE AT & Aoz AR =T
2 A HFAARe| AR I AAFA R AA
o] ot 0942 A4 BHeld 19 1o 2l E3
T B g Aol A G E ATY Ao
7S 58] Bt wdloje] Ak e w)
2E B #set =2 i A f A 4T
A5 Hrlell = #4449 Aoz 447

2% 7Ad ME #5738 NOx, 0 45 44
F.PANY] o.F A7l 9] v = HFpkg 7 BHd
o Hete] £A5bge NOx2] A4 obd &2
o) % Zsisl #slshd uke AFEQ) 039} PAN
of PR cdgke debdy] s 241 74| 30l
A 94] 304 Atele] BEGE wwe] AsE A4
saet Aubdes A AAEE 4E e AR
AE el QAT 2 FAE AFA A gt Oy
o} o F YA} PANS] FA A Hel widd
Ae 0 AR wAUZe] dE2dA 2 Aoz 4
7], 4784 NOxeh 3318 3FAHE 05, PAN
e} wlAdEA L se} ubg FeA] vl 337 1
o vehd H2 NOx o 99 op& F23 A8

A)
160 10
—— NOX
I — +— Pan
== === Nel O3 Production 18
120
8 } ]
-4
3 -6
g ! z
3 ®r : &
o
§ . .
5 -
49 %1\\‘
vy Y _ 2
i}z Ea .
o Seoul (90427 - 990609)
o *

T aze 430 51 a1 58 smy 67 6%

Days

B)

Nei Production of O, NO,

163

ofsfoz AAFEN 7)istRor HY
4o 48k& ¥he air-masse] F5}HEHy
ol mp fskom AEG 58] 12 24 EA
3} 22 2 Ealalelg] ujME A HEk e O
F3het mdlolM 23 fAE AAst YoM
(Lin and Liu, 1988) nc} Zwelal zlge] &3 o
ded oz AzhEe. ¥ TBel FsolA g
NOx, 0s o F gAdg PAN®] @ FA|zhkef|A8] H
5= & vEhigeh 2% sCelAM o 4 slE
Sl EZA7 ] NOxel F=27i7t Ro
A ksk7] wEe] PANS] #EA1ZE) 24 104]e]
M 2% 6Al7tA 2] JF-& v Yo o435
oot 1% 7BE ®d 83Y 139g AF=E A 7HH
Q1ake] wEokite] HEpA L SlEE #UT 4 8
o} 89 139 o|Hell= A&} Fe] M7}A alz}r)
M= ofe] AT 23 glAgh 1398 =¥s
o 2 ofFells 0:2] 4F Qo] 29 0 7HA
+ s Zen O F de4te M2 ARIAE
Bo|z| ofx glc} o9 Yalo] st AHEY 9
glo] W]71%F9] Nat o] 2o w3t ¥4 334
ok Nati= g Foll 713 gho] Soole A¥ &
stz sy d7leiA s oFuiz] o) odgke] A4
A4 AgE & 4 gl A¥elrt. 13 8-A,Bel 8
4 11951 8 149 SR/ o 7] F2) Nato]io
dste veldigvl 1498 e 1199 A
o vls FFFd AdHer & Natel 22| ¥
EE Reolx 3lvh 2Fe el kAt 13
deo] A4z wpArlA| = GhE def Wla] Nato]

5

0.7

Twrmegtrial Almnass
Dominant

00

Deng-Hae (990730 - §90814)

y
7077 8o (2K 513 814

Days

Fig. 7. The averaged NOx, O; prodcution and PAN plotted during the whole monitoring period at A} Seoul B) Dong-Hae.
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Fig. 8. The daily variations of sodium concentration A) at 11th of August, 1999 during the low PAN concentration
episode B} at 14th of August, 1999 during the high PAN concentration episode.
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Fig. 10. The daily variations of ratios of [PAN}/[NO;] at
Dong-Hae during the period from June 30th to
August 14th.

o[ 9]8] uv|A] 50~60%% NOxzZ UaA
(Parrish ef al., 1993). HNO3;8] A3 $elA A543
A B3} ubge] Aol H»l #ug ofF A
e A g g Hatew dFA)s i gle] & 'ﬁ
o)A HNO:7} NO: #42] m3sd=2 2H83dhes %
B #elld AFge sAEA A A
Aoz o}t a8y} Mo-converter® o] 83
NO:9| =% Z7A+& PANe| 23 w2t ~1§
o} slejels BaAez of 5~10%, 33}e uhdo
%%fi Al b el A= of 20% 71EF 2R Skl
A M 50% o)4te] 3} FAHL FlpAdel FEA

gioh ojeba] A S JbelM Ry FAE
vlol AL¥ T 9l Mo-converterel] Wt F=2|7}
ded 2oz Aztde
5. 4 g

sl Mg FAAqq
NO, NOz, Osell 3 #4& =3l
S A=A 29 AR Gl A 9
e TEE 4 AT &2 AS 5Y "M 6
W o o] 5ppbv e]4te] PANe] #E=glen
o9} 72 wx: dubHoz AIatae oo
Agt d =4 AgelM FE5EHE 3 Hel el 3
gl 2 A3y g A7|7L BeEdes #al
HHEE A)7) 7} eh]7] el FEEHoz oS
Wl ub-o] eei}= 7,89 A9 FEE oM}
A g Adew FAFACH FlleA #39 PAN
7L Aurmlo g wje gonis oF 1AE A
Za 02ppby A=A HdY =8 Rt o=
Mgt of 30v] A= wE fhelet ol AR
T S3olrol Age] A AelM FER PAN
2 79 e sZzalch, B3] AAA]2q) gl o] A
air 9] of ko] mie} @A) AHel] gk 3l A
X e mapste] Uy Flem FHUIg
2 o Foll 4= PANY Al 3 9 2FA R
g il fatgloz SHlslged Be Ar]F
#&52 Y A5 2aF Feln PAN

3]] «}A] PAN g
sk 73} PANE
;&g]:a_']-xq al =

ot g i M

mass.

'I__
=

3
o}

3

2

o}

=9
LRt A =)

J. KOSAE Vol. 17, No.2(2001)



166 A% . o7 - 217Y

2 Fag AFEA VOCe 3t A2z g
o} & zloxg MY} v PA7A] A4 s
= E35ld F3¥ mde digt Hrlzkele) oz
9] s} o]}

A A}

2 47E 42REATAT AP d7a9
xﬂ(1997f005~H00036)oﬂ o)3)e] a0l 7ieluch

#Z# 0 & 4§

AL, o725 (197 Ao B o F 7 9=, 3%
A A, 37(8), 57-60.

ZAAE, o7&, AAE (1999a) GC-ECDE o] 48 PAN
(Peroxyacetyl Nitrate)®] A2 gt o,
19999 $4 |23 FHd95 254,
111-112.

Mg, 17Hg A4 (1999b) WA wlF 7)F (NO,
NO2, 05, PAN)E] = 53¢ F% 297495
A de] f#sl Abdel] ofsl vimed T, 1999
d 34 i gdsts] sheds) 254, 305-
306.

ZAAE, A8, A7, DAy, oz, A, 2l A
T, EFH (1999) FAEYe 12T Hrle
A2 FAuAel g vwdF-F2 7
A 2REAE A0z T2 BANAA,
15(4),403-415.

Aoy, F2A, 7Y, FHF Y (1998) W7 F
Peroxyacetylnitrate (PAN)Y2] &A1 24 ube]
@ A7, 1998d A 7 Ry ged
227, 104-105.

Atlas, E.L., B.A. Ridley, G. Hiibler, J.G. Walega, M.A.
Carroll, D.D. Montzka, B.J. Huebert, R.B. Norton,
F.E. Grahek, and $. Schauffler (1992) Partitioning
and budget of NOy species during the Mauna Loa
Observatory Photochemistry Experiment, J. of
Geophy. Res.. 97, 10.449-10 462,

Cox. R.A. and M.J. Roffey {1977) Themal decomposition of
peroxyacetylnitrate in the presence of nitric oxide,
Environ. Sci. and Technol., 11, 900-906

De Santis, F., I. Allegrini, P. Filippo, and D. Pasella (1996)
Simultaneous determination of nitrogen dioxide
and peroxyacetyl nitrate in a ambient atmosphere
by carbon-coated annular diffusion denuder,

P #A G A7 A2

Atmos. Environ., 30, 2637-2645.

Fahey, D.W., G. Hiibler, D.D. Parrish, E.J, Williams, R.B.
Norton, B.A. Ridley, H.G. Singh, $.C. Liu, and
F.C. Fehsenfeld (1986) Reactive nitrogen species in
the troposphere: Measurements of NO, NO,
HNO3, Particulate Nitrate, Peroxyacety! Nitrate
(PAN), O3, and Total Reactive Odd Nitrogen (NOy)
at Niwot Ridge, Colorado, J. of Geophy Res, 97,
10,449-10 462

Frost, G.J., M. Trainer, G. Allwine, M.P. Buhr, J.G. Calvert,
C.A. Cantrell, F.C. Fehsenfeld, P.D. Goldan, J.
Herwehe, G. Hiibler, W.C. Kuster, R. Martin, R.T.
McMillen, S.A. Montzka, R.B, Norton, D.D.
Partish, B A, Riedley, R E. Shetterm J.G. Walega,
B.A. Watkins, H.H. Westberg, and E.J. Williams
(1998) Photochemical ozone production in the rural
southeastern United States during the 1990 Rural
Oxidants in the Seouthern Environment (ROSE)
program, I. of Geophy Res, 103, 22,491 -22 508

Gaffney, .S, R. Fajer, and G.I. Senum (1984} An improved
procedure for high purity gaseous peroxyacyl nitra-
te production: use of heavy lipid sclvents, Atmos.
Environ,, 18 215-218.

Gaffney. 1.5., N.A, Marley, and P.V. Doskey (1997) Mexico
City Peroxyacyl Nitrate and hydrocarbn measure-
ment, Monthly Update Atmospheric Chemistry
Program, 8, 1-2.

Gaffney, J.5., RM. Bornick, Y.—H. Chen, and N.A. Marley
{1998) Capillary gas chromatographic analysis of
nitrogen dioxide and PANS with luminol chemilu-
minescent detection, Atmos. Environ., 32, 1445-
1454.

Gaffney, J.S., N.A. Marley, M.M. Cunningham, and P.V.
Doskey (1999) Measuremems of peroxyacyl nitrat-
es (PANS) in Mexico City: implications for mega-
city air guality impacts on regional scales, Atmos.
Environ., 33, 5003-5012.

Gregory, G.L., .M. Hoeell, B.A. Ridely, H.B. Singh, B. Gand-
rud, L.]. Salas, and J. Shetter (1990} An intercom-
parison of airborme PAN measurement, J. of Geo-
phy. Res., 95, 10,077-10,087.

Joos, LF., W.F. Landolt, and H. Leuenberger (1986} Calibra-
tion of Peroxyacetyl Nitrate measurements with an
NOx analyzer, Environ. Sci. Technol., 20, No. 12,
1265-1272.

Lin, X, M. Trainer, and S.C. Lia,(1988) On the nonlinearity
of the tropospheric ozone prodcution, J. of Geophy.



AR Y A Ao x] 2] 7] 3 PAN (PeroxyAcetyl Nitrate) 22 167

Res., 93, 1587915 888.

Nielsen, T., A.M. Hansen, and E.L. Thomsen (1982) A con-
vient method for preparatin of pure standards of pe-
roxyacetyl nitrate for atmospheric analyses, Atmos.
Environ.,16, 2447-2450

Parrish, D.D., M.P. Buhr, M. Trainer, R.B. Norton, I.P.
Shimshock, F.C. Fehsenfeld, K.G. Anlauf, J.W.
Bottenheim, Y.Z. Tang, H.A. Wiebe, ] M. Raberts,
R.L. Tanner, L. Newman, V.C. Bowersox, K.J.
Olszyna, EM. Bailey, M.O. Rodgers, T. Wang, H.
Berresheim, U.K. Roychowdhury, and K.L. De-
merjian (1993) The total reactive oxidized nitrogen
levels and the partitionig between the individual
species at sic rural sites in eastern north America, I.
of Geophy. Res., 98,2927-2939.

Ridley, B.A., J.D. Sheiter, B W, Gandrud, L.J. Salas, HB.
Singh, M.A. Carroll, G. Hiibler, D.L. Albritton,
D .R. Hastie, H.I. Schiff, G.I. Gackay, D.R. Karechi,
D.D. Davis, I.D. Brandshaw, M.O. Rodgers, S.T.
Sandholm, A L. Torres, E.P. Condon, G.L. Gre-
gory, and S.M. Beck (1990) Ratio of Peroxyacetyl
Nitrate to active nitrogen observed during aricraft
flights over the eastern pacific oceans and continen-
tal United States, J. of Geophy. Res., 05, [0,179-
10,092,

Seinfeld, ] H. and $.N. Pandis (1998) Atmospheric Chemisiry
and Physics, 2nd ed, pp.282-284 John Wiley and
Sens, INC, New York.

Singh, H.B. and L.J. Salas (1983) Methodology for the analy-
sis of peroxyacetyl nitrate (PAN) in the unpolluted
atmosphere, Atmospheric Bnvironment, 17, 1507 -
1516.

Singh, H.B., E. Condon, J. Vedder, D. O Hara, B.A. Rideley,

B.W. Gandrud, J.D. Shetier, L.J. Salas, B. Huebert,
G. Hiibler, M.A. Carroll, D.L, Albritton, D.D.
Davis, ].D. Bradshaw, §.T. Sandholm, M.O. Ro-
dgers, S.M. Beck. G.L. Gregory, and P.J. LeBel
(1990) Peroxyacetyl nitrate measurements during
CITE2: atmospheric distribution and precursor re-
lationships, I. of Geophy. Res., 95, 10, 163-19,
178.

Singh, H.B., L.J. Salas, B.A. Ridley, J.D. Shetter, N.M.
Donahue, F.C. Fehsenfeld, D.W. Fahcy, D.D. Par-
rish, E.JJ. Williams, §.C. Liu, G. Hiibler, and P.C.
Murphy {1985) Relationship between peroxyacetyl
nitrate and nitrogen oxides in the clean tropos-
phere, Nature, 318, 347-346,

Singh, H.G., L.J. Salas, and W. Viezee (1986) Global distri-
bution of peroxyacetyl nitrate, Nature, 321, 58%-
391.

Stephens, ER. (1969} The formation reactions and properties
of peroxyacetyl nitrates (PANs) in photochemical
air pollution. Adv. Environ. Sci., 1, 119-146.

Stephens, E.R., P.L. Hanst, R.C. Doerr, and W.E. Scoit (1956}
Reactions of nitrogen dioxide and organic com-
pounds in air, Ind. Engng. Chem,, 48, 1498-1504,

U.S. Environmental Protection Agency (1993) Code of
Federal Regulations. Title 40, Pard 58, Subpart E.,
Washington, D.C. Office of Federal Register, Febr-
uary 12.

Watanabe, 1., M. Nakanishi, J. Tomita, 8. Hatakeyama, K.
Murano, H. Mukai, and H. Bandou (1998} Atmos-
pheric peroxyacy nitrates in urban/remote sites and
the lower troposphere around Japan, Environ.
Pollut., 102, 253-261.

J. KOSAE Vaol. 17, No. 2 (2001)



