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Abstract

In this study, we examined the influence of long—range transport of dust particles and air pollutants on the photo-
chemistry of NO; on Jeju Island, Korea (33.17°N, 126.10°E) during the Asian Dust-Storm (ADS) period of April
2001. Three ADS events were observed during the periods of 10~ 12, 13~ 14, and 25~ 26 April. Average concen-
tration level of nighttime NO; on Jeju Island during the ADS period was estimated to be about 2 x 10® molecules
cm™ (~9 pptv). Decreases in NQ; levels during the ADS period was likely to be determined mainly by the
enhancement of the N,Os heterogeneous reaction on dust aerosol surfaces. The reaction of N,O5 on aerosol
surfaces was a more important sink for nighttime NO; during the ADS due to the significant loading of dust parti-
cles. The reaction of NO; with NMHCs and the gas—phase reaction of N,Os with water vapor were both significant
loss mechanisms during the study period, especially during the NADS. However, dry deposition of these oxidized
nitrogen species and a heterogeneous reaction of NO, were of no importance. Short—term observations of O3, NO,,
DMS, and SO, in the MBL indicated that concentrations of most of these chemical species were different between
the ADS and non-Asian-Dust-Storm (NADS) periods, implying that their levels were affected sensitively by the
differences in air mass trajectories.
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time troposphere (Wayne, 1991). By contrast, nitrate

1. INTRODUCTION radical (NO,) plays an important role in the chemistry
of the nighttime troposphere, serving as an oxidizing

Both hydroxyl (OH) and hydroperoxyl (HO,) radicals agent for various hydrocarbons and as a medium for
can play a significant role in the chemistry of the day- the removal of NO, (NO+NO,) in the form of nitric

% Comresponding author acid (Wayne, 1991). The nitrate radical is produced by
Tel : +82-(0)51-890-2078, E—-mait : zangho@dongeui.ac kr the reaction of NO, with O;:
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NO,+0; > NO; 40, 0

For instance, the nitrate is a dominant oxidizing agent
of dimethyl sulfide (DMS) in the marine boundary
layer (MBL) during the nighttime (Wayne et al., 1991).

It is speculated that the atmospheric photochemistry
of chemical species in remote MBL can be affected by
long-range transport of dust particles accompanied by
significantly high loadings of anthropogenic pollutants.
In East Asia, dust storms tend to originate in desert
areas of northwestern China during the spring; their
impacts have been observed not only in nearby Asian
countries (e.g., Korea and Japan) but also as far away
as the Aleutians and North America (Jaffee et al.,
1999). SO, and NO levels on Jeju Island (formerly
known as Cheju Island) were found to be as high as a
few ppbv in the atmospheric boundary layer (ABL)
during the Asian dust-storm (ADS) period due to the
continental outflow of air pollutants from China (Kim
et al., 1998). Photochemical oxidation of atmospheric
species can be facilitated during the ADS period be-
cause of the enhancement of nitrogen oxide levels.
DMS oxidation by NO; can be significant during the
ADS period, compared to the remote MBL where OH
mainly regulates its oxidation. In the case of polluted
air mass, nitrate radicals were mainly removed indirect-
ly through reactions of N,Os, either in the gas phase or
on aerosol surfaces. However, reactions of NO; with
unsaturated hydrocarbons also contributed significantly
to its loss (Geyer et al., 2001b; Allan et al., 1999; Cars-
law et al., 1997). In clean marine air masses, DMS was
the dominant scavenger of NO; (Allan et al., 2000;
Carslaw er al., 1997).

In this paper, we present the stepwise analysis of the
photochemistry NO; using ground-based measure-
ment data sets obtained on Jeju Island (see Fig. 1) dur-
ing ACE-Asia. First, we summarize the observational
data sets used in this study. Secondly, detailed descrip-
tions of the model used for the calculations of NO;
concentrations are presented. Thirdly, the issue of NO,
budgets in the case of high NO, environments is ex-
plored in relation to the impact of the ADS on their
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Fig. 1. Location of a sampling site on Gosan, Jeju Island
(33.17°N, 126.10°E).

photochemistry. Finally, we also attempt to account for
the factors governing their photochemistry in the ABL
and to determine the contribution of the ADS on NO;
levels. To our knowledge, this study is the first attempt
to elucidate the photochemistry of NO; on Jeju Island

in relation to ADS events.

2. OBSERVATIONAL DATA

This study is based on the measurements of several
atmospheric trace gases and relevant meteorological
parameters made during an intensive ground-based
field study for the Asian Pacific Regional Aerosol Char-
acterization Experiment (ACE-Asia). As part of ACE
—Asia, an intensive field campaign took place off the
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Table 1. A statistical summary of 6-hr averaged input variables.

ADS period NADS period
Variables

00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00
TCC) 114 11.2 13.0 12.6 13.0 124 16.2 15.7
Dew Point (°C) 6.8 6.1 5.2 6.3 8.6 7.9 9.3 9.3
[CO] (ppbv) 265 274 305 148 168 149 133
[NO,] (ppbv) 3.8 34 4.7 4.6 43 4.3 4.5 44
[Os] (ppbv) 47 46 46 50 44 42 47 50
[DMS] (pptv) 19 25 41 30 11 21 17 15
[SO,] (ppbv) 0.85 0.83 1.31 0.79 0.36 0.46 0.53 0.49

coast of Gosan (formerly known as Kosan), Jeju (33.17
°N, 126.10°E) in the month of April 2001 (Kim et al.,
2003).

In this field program, we made measurements of
trace gases such as O;, CO, NO, NO,, and SO, that
were measured using unmodified commercial units.
The instruments were particularly well suited to taking
measurements in semi-polluted/continentally-influ-
enced situations, but were close to their detection limit
particularly in clean air masses. The analysis of DMS
in the air was also made by an on-line GC system
interfaced with a Pulsed Flame Photometric Detector
(PFPD) modified from Swan and Ivey (1999). The
detection limit for the system was found to be 20 pg of
S that corresponds to about 2 pptv of mixing ratio (at
total sampled volume of ~4 /). Detailed discussion on
the DMS measurements is given in Kim er al. (2003).
Each of our target species was measured every minute
interval, except for DMS (every 15 min.). NO and NO,
were measured using @ Thermo Environmental Instru-
ments Model 42C Chemiluminescence NO-NO,-NO,
analyzer with a detection limit (DL) of 0.4 ppbv at a
precision of £0.4 ppbv. O; was measured using a
Monitor Labs Model 8810 Ozone analyzer with a DL
of +£2 ppbv at a precision of +2 ppbv. SO, was mea-
sured using a Thermo Environmental Instruments
Model 43S pulsed fluorescence SO, analyzer with a DL
of 0.1 ppbv at a response time of 4 minutes. CO was
measured using a Thermo Environmental Instruments
Model 48C with a DL of 0.04 ppmv at an average time
of 10~300s and at a precision of 0.1 ppmv. The Jeju
Meteorological Station measured most of the basic

meteorological parameters during April 2001.

Ten-minute averaged concentrations for the photo-
chemical species were used as input variables for the
photochemical box model (PCBM). Table 1 shows 6-
hour averaged values of all input variables during both
the ADS and Non-Asian—Dust~-Storm (NADS) peri-
ods. Note that most of the NO concentrations were at
or below the DL. Therefore, model runs were carried
out using the model calculated NO values. The calcula-
tion of NO values was based on the photostationary
state ratio of NO,/NO by considering the partitioning
of NOy according to Eq. (2):

[NO,] _ (ko,[Os]+kiio,[HOsl +Keiyo,[CH305) ko (RO, )
[NO] Inos

(2

where [X] (X = NO, NO,, O;, HO,, CH;0,, and RO,)
corresponds to the concentration of the chemical spec-
ies X; k denotes a reaction rate coefficient of a cor-
responding reaction; and Jyo, denotes the photolysis
rate coefficient of NO,. The photostationary state is a
steady state reached by a reacting chemical system
when sunlight has been absorbed by at least one of the
components. At this state the rates of formation and
destruction are equal for each of the transient mole-
cular entities formed. Detailed discussion on the J

values is given in section 3.

3. MODEL DESCRIPTION

The PCBM was employed to generate diurnal profile
NO;. For the PCBM, a pseudo~steady~state approxi-
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mation (PSSA) was used to calculate concentrations of
relatively short-lived species (OH, NO, HO,, CH;0,,
etc.). This approach is expected to lead to a reasonable
representation of the short-lived species. The PSSA is
based on the presumption that the formation and destruc-

tion rates of the chemical species are equal:

d[X]

- =PXO-LEIX]=0 3
< N P(X) 4
[ ]PSSA~L—()6 S

where P(X) is the sum of the production rates of the
chemical species X, L(X) is the sum of the pseudo-
first—order loss rate coefficients of X, and [X]pgsa is
the concentration of X in PSS. The system of equations
representing each species in the model was solved iter-
atively using a Gauss-Seidel method (Burden and
Faires, 1989). The PCBM of a full HO/NO,/CH,/non
—methane —hydrocarbons (NMHCs) system was chemi-
cally constrained to 10 minute-averaged values of
observed O, NO,, CO, SO,, and DMS. Detailed descrip-
tion on the PCBM is given in Shon et al. (2003). The
model contains 59 HO,-N,0y-CH, gas kinetic/photo-
chemical reactions, 146 NMHC reactions, and 12
heterogeneous processes. In the case of nitrogen oxide
chemistry, the reactions of N,Os and NO; on aerosol
surfaces were considered in the model. The pseudo-
first—order loss rate coefficients for the heterogeneous
removals of N,Os and NO; radicals (L,,,,) are deter-
mined by the uptake coefficienty. The loss rate coeffi-
cient depends on the chemical composition of the aero-
sols and temperature (Hu and Abbatt, 1997), total aero-
sol surface area S per unit volume (in units of cm?
cm™), and the temperature -dependent mean molecular

velocity V:
Low=025-y-V-S 5)

The total surface areas during the ADS and NADS
periods were estimated to be 1.2x 107 and 2.2 X 1077
cm? em™3, respectively. The values of 4.8 X 107 and
8.3%x107% s7! during ADS and NADS periods were
calculated for the N,Oj loss rate coefficients of the het-

R 7187 A A 19W AE3 =

erogeneous removal (L,.,-n,0,) from equation (5), res-
pectively. NO; and N,Os can also be removed by dry
deposition to the ground in the BL. For the calculation
of pseudo-first—order loss rate coefficients for the dry
deposition of N,O5 and NO; radicals, the value of 0.33
cm s™' was taken for the dry deposition velocity from
Geyer et al. (2001b). In addition, the conversion of
NO, into HONO on aerosol surfaces was considered in
the model (Harris et al., 1982). This heterogeneous
reaction is implemented with the following loss rate

coefficient:
Lnoyha=3% 10%cms™ - S (6)

This rate coefficient is based on a recent tunnel study
(Kurtenbach et al., 2002). S value of 1 x 107 ¢m? cm™
was taken from Vogel er al. (2003) for the significance
test of this heterogeneous process. The value of 2.6 X

1072 em® molecules™ s7!

was used for the gas—phase
reaction rate constant of N,O5 with H,O (Wahner et al.,
1998; Mentel et al., 1996). The NMHC chemistry
scheme adopted here uses the approach of lumping
species by chemical family (Lurmann et al., 1986). A
detailed description of the PCBM is given in Shon
(1999).

Rate constants for the gas—phase reactions and ab-
sorption cross-—sections for photolysis reactions were
taken from Atkinson et al. (2001) and the JPL Publica-
tions 02-25 (Sander et al., 2002). The actinic flux can
be influenced by clouds that increase the backscattered
fraction of incident solar radiation, enhancing it above
them (de Arellano et al., 1994; van Weele and Duynker-
ke, 1993; Madronich, 1987). The clouds also increase
the actinic fluxes in cloud layers and decrease them
below cloud layers (de Arellano ez al., 1994; van Weele
and Duynkerke, 1993; Madronich, 1987). Scattering
aerosols in the BL accelerate photochemical reactions/J
values within and above the aerosol layer, while absorb-
ing aerosols decrease J values (Jacobson, 1998; Dicker-
son et al., 1997). In our model simulation, the correc-
tions for other J values due to aerosols and/or cloud
were made based on J (NO,) during the ADS and
NADS periods. The effects of dust particles and clouds
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Fig. 2. Time series of O,;, NO,, DMS, and SO, on Gosan, Jeju Island in the month of April 2001 during the ACE-Asia
experiment. Observations for these four species represent 10~ 15 minute averages. Open circle (0), cross ( x),
plus (+), and solid circle ( ® ) represent O;, NO,, DMS, and SO,, respectively.

on J values during the ADS period were taken into
account using direct, diffuse, and total solar irradiances
obtained at the Gosan station. All photolysis rate coef-
ficients during three ADS periods were adjusted using
an averaged correction factor of 0.85 for the cloud and
aerosol effect on J values, while those during the
NADS period were also adjusted using a correction
factor of 0.92. Since NMHCs measurements at the
Gosan site were not available, their concentrations
were substituted with the previously observed values
(C.-H. Kang, private communication, 2002).

4. RESULTS AND DISCUSSION

4.1 Comparison of O;, NO,, DMS, and SO,
between the ADS and NADS periods
Time series of O3, NO,, DMS, and SO, in the ABL

in the month of April 2001 are given in Fig. 2. Three
ADS events were observed during our study period
which include: (1) 1306 LST (local sun time) 10 April
(Julian Day (JD)=100)-1800 LST 12 April JD =102),
(2) 0912 LST 13 April (JD =103)-1050 LST 14 April
(JD = 105), and (3) 1116 LST 25 April JD =115)-
0225 LST 26 April (JD =116). In general, O; levels
during the ADS period were statistically different from
those during the NADS perlod (z—test, P-value =0 at
95% confidence) (see Table 2 and Fig. 2). For example
O; concentration during three ADS events was 42+ 8,
59+9, and 48+ 3 ppbv, respectively, whereas during
the NADS period, it recorded 468 ppbv. These val-
ues were similar to those measured previously at the
same site during March through April 1994 (e.g., 55
ppbv, Kim et al., 1998).

Diurnal variation of ozone during the study period is
shown in Fig. 3. Between 2250-0720 LST, the O,
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Table 2. The observed concentrations of O;, NO,, DMS,
and SO, during three ADS events and NADS.

ADS events

Species NADS
ADS 1 ADS 2 ADS 3 periods

O,(ppby) 424248 SU64HE0 48B3 46(45)+8
NOy(ppbv)  47(4.5)£14 423.0)£22 27( 614 4434236
DMS(pp)  MQ9)E1S 181919 S256)£29  1TIN£IS
SO,(ppbv)  110)£09 1008207  020.)£004 0503)£0.5

The numbers in parenthesis are median values for each chemical species.

levels during the ADS were significantly higher than
those during the NADS period, especially 0000-6000
LST (t-test, P-value = 2.3 x 107%%). However, there
was no significant difference in O; concentrations dur-
ing a daytime period between the ADS and NADS. It
appears that at near sunrise and sunset, there are sud-
den decreases in ozone for the ADS with respect to
NADS, especially near sunrise. The ozone decreasing
phenomenon at near sunrise is likely to be explained
by the diurnal variation pattern of HO, over those time
periods, assuming that physico—chemical destruction
of ozone and entrainment from the free troposphere are
nearly constant during the day. Ozone is chemically
removed predominantly by the reactions of O;+hv —
0'D , HO,+05 , and OH+0;. Only at these periods,
the diurnal HO, profile follows the trend of the sudden
drops in ozone at near sunrise and sunset rather than J
(O'D) and OH. Even though there was no significant
difference in 24 -hr averaged HO, concentrations bet-
ween the ADS and NADS, HO, concentrations at near
sunrise during the ADS period were higher than those
during the NADS period by a factor of 1.8. Ozone
decrease in the first few hours following sunrise was
revealed based on an analysis of 13 years of observa-
tions in the MBL at Cape Grim, Tasmania, implying
that ozone destruction at sunrise arises due to halogen
chemistry (Galbally et al., 2000). In a recent field study,
ozone destruction was also observed just after sunrise
in the sub-tropical MBL over the North Pacific, sug-
gesting the cause of halogen chemistry associated with
1999). In addition, a
model study suggested that the halogen chemistry

sea—salt aerosols (Nagao et al.,

could significantly affect ozone levels during early
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Fig. 3. Diurnal variations of (a) O, (b) NO,, (c) DMS, and
(d) SO, during ADS and NADS periods.

morning after sunrise (Shon and Kim, 2002). Therefore,
the possibility of halogen chemistry cannot be exclud-
ed as the cause of ozone drop at near sunrise during
ADS. Meanwhile, an important aspect of the effect of
aerosols on photolysis is ozone photolysis changes.

In the case of NO,, its concentration pattern between
the ADS and NADS was similar to that of Os;. For
example, NO, concentrations during three ADS events
were 4.7+£1.4, 4.21+2.2, and 2.7+ 1.4 ppbv, respec-
tively; during the NADS period, it was 4.4£3.6 ppbv.
During the three ADS events, NO, levels in the third
dust-storm event were significantly lower than those



seen in the first and second events (P-value =0). These
NO, levels on Jeju Island were two orders of magni-
tude higher than those in the remote MBL. There does
appear to be higher NO, concentrations for the NADS
periods in the morning and night (see Fig. 3). The ADS
is only higher than NADS in NO, levels between 1100
and 1800 LST. It appears that ozone decrease at near
sunrise shows a corresponding peak in NO, during the
ADS period, indicating anticorrelation between ozone
and NO, (correlation coefficient of —0.75). As antici-
pated by the fact that NO reacts with ozone to generate
NO, during the daytime, we observed the anticorrela-
tion between ozone and NO, in our data sets.

In general, DMS levels during the ADS period were
statistically higher than those during NADS period by
factors of 2.0 to 3.1 (see Table 2). For example, mean
DMS values during three ADS events were 34+ 19, 18
+9, and 52£29 pptv, respectively, while that during
the NADS period was 17+ 15 pptv. The mean DMS
values during the first and third ADS events were sta-
tistically higher than those during the NADS period,
whereas the mean value during the second event was
not. The higher DMS levels during the ADS period
resulted from the higher DMS flux over the period than
those during the NADS period by a factor of 2. Detailed
discussion on DMS photochemistry during the study

Backward trajectory on 09KST April 11, 2001

Backward trajectory on 09KST April 13, 2001
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period is given in Shon et al. (in preparation). SO, con-
centrations during the NADS period were statistically
higher than those during two ADS events by a factor of
2, except for the third event. For example, SO, concen-
trations during three ADS events were 1.1£0.9, 0.9+
0.7, and 0.1+0.04 ppbv, respectively; during the NADS
period it was 0.5£0.5 ppbv. Over most of the day, SO,
levels during the ADS period were higher than those
during the NADS by a factor of ~2, especially bet-
ween 0700-1200. During the ADS period, SO, levels
in the third dust-storm event were also significantly
less than those seen in the first and second events,
implying that SO, concentrations were sensitive to the
air mass trajectories.

The movement patterns of air masses during the
sampling period can be put into 4 categories based on
air mass back~-trajectory analysis: (1) Russia and the
East Sea, (2) mainland China and the Yellow Sea, (3)
the northeastern China Sea, and (4) the northwestern
Pacific (Kim et al., 2003). For example, the air mass
passed through eastern China during the first and sec-
ond ADS, whereas it passed through the less industrial-
ized northern China during the third ADS (Fig. 4). The
trajectories of moving air during the NADS period
were diverse, compared to those during the ADS peri-

od. Table 3 shows the observed concentrations of O,

Backward trajectory on 09KST April 25, 2001
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Fig. 4. Four-day back trajectory analysis for three ADS events at Gosan, Jeju Isand during the study period.
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Table 3. The observed concentrations of O;, NO,, DMS,
and SO, for each air mass trajectory

Species Air mass (1)  Air mass(2)  Air mass(4)
O (ppbv) 42+14 50+10 43+7
NO, (ppbv) 8.0+54 38%+1.8 3.0+2.7
DMS (pptv) 105 2010 18+15
SO, (ppbv) 0.8+0.6 1.1+£09 0.2+0.2

NO,, DMS, and SO, for each air mass trajectory. In
general, NO, and SO, levels in the maritime air mass
were significantly lower than those in semi-polluted
air mass, whereas DMS concentrations did not show a
clear trend depending on air mass origin. SO, levels on
Jeju Island during ACE-Asia were close to previous
measurements at the same site during March-April
1994 (Kim er al., 1998).

4.2 Comparison of NOj; estimates between
the ADS and NADS periods

Fig. 5 shows the diurnal variation of NO; radicals
calculated using the PCBM for both ADS and NADS
periods. In the rural continental and marine BLs, the
results of several observations suggested that NOs is
removed by two other mechanisms: (1) its direct
homogeneous reactions with organic species (DMS,
monoterpenes, isoprene, etc.) and NO and its hetero-
geneous processes and (2) indirectly via sinks of N,Oj
(homogeneous and heterogeneous reactions), which is
generally in a thermodynamical equilibrium with NO,
and NO, (Geyer et al., 2001b; Allan et al., 2000, 1999;
Carslaw et al., 1997; Heintz et al., 1996). For the NO,
inorganic scheme used in the PCBM, we considered a
gas phase reaction of DMS+NO; and three heteroge-
neous reactions of NO;, N,O;, and NO, on aerosol sur-
faces. Compared to NADS, 5~6 times higher values
were used for the pseudo~first—order loss rate coeffi-
cients for the heterogeneous reactions during the ADS
mainly due to higher total surface area. There were
clear differences in NO; levels between the ADS and
NADS periods. The model calculated NO; levels dur-
ing the ADS period were lower than those during the
NADS period by a factor of 2.8. The average NO; con-
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Fig. 5. Diurnal variation of nitrate radicals during ADS
and NADS periods.

centrations at night during ADS and NADS periods
were 9 and 27 pptv, respectively. As shown in Fig. 5,
the effects of the daytime photolysis of NOj; are clearly
apparent at sunset and sunrise. There were no signifi-
cant differences in NO, and O; concentrations between
the ADS and NADS (see Table 2), which affect the
formation of the NO; radical. The similar level of NO;
concentrations in semi-polluted air masses (e.g., 8~
10 pptv) were also observed in the MBL over the coast
of north Norfolk, England (Allan ez al., 1999) and at a
rural site in the Baltic Sea (Heintz et al., 1996). Even
higher NO; levels (up to 85 pptv) have been reported in
the continental BL near Berlin (Geyer et al., 2001a).
The causes of significantly lower NO; concentrations
during the ADS appear to be related to a combination
of an enhancement of the heterogeneous chemistry for
N,Os, higher DMS concentrations (e.g. by a factor of
1.9), and lower temperature (2.3° K difference). Geyer
and Platt (2002) introduced the temperature dependent
NO; loss frequency, fyo,, Which arise from the temper-
ature dependence of kinetic constants and of the mono-
terpene emission rates, as a new indicator for the sink
distribution of NO;. The nighttime temperature during
ADS was 1.7 K lower than during the NADS. When
this temperature difference is applied to fyo, parame-
terization derived by Geyer and Plattt (2002), the loss
frequency for NO; from an indirect removal pathway



(via N,Os) during the ADS is about 30% higher than
during the NADS and that from the monoterpene reac-
tion during the ADS is about 2% lower. Detailed dis-
cussion on the source and sink strengths of NO; is

given in section 4.3.

4.3 Sources and sinks of NO;

The source and sink strengths of NO; were calculat-
ed during the ADS and NADS periods using the PSSA
(see Table 4). The dominant source of nitrate radical in
the MBL is the reaction of NO, with ozone. During
daytime, nitrate radical concentrations remain low
because of rapid photolysis and the fast reaction with
NO. However, after sunset they can reach values of
several hundred ppt (Geyer et al. 2001a; Allan et al.,
2000). Nighttime averaged NO; production rates dur-
ing the ADS and NADS periods were 3.0 x 10° and 3.1

3 571, respectively. It can be seen

x 10® molecule cm”
that the reaction of N,Os on aerosol surfaces was the
most important sink for NO; during the ADS and
NADS periods which on nighttime average, constituted
57% and 29% of the total loss, respectively (see Table
4). This is agreeable to a previous study in the MBL
for the continental air masses with little marine influ-
ence (Allan er al., 2000). In continental BL, N,O5 on

aerosol surface or reactions with NMHCs were the

Table 4. The sources and sinks of nighttime NO, in the
MBL (in molecules cm™ s~') using photostation-
ary state calculations

Processes Magnitude
Sources

ADS NADS

NO,+0;, 3.0 % 10° 3.1x 108
Sinks

ADS NADS
N,O5 uptake on aerosols 1.7 % 10° 9.0x10°
N,O;-+H,0 (gas—phase) 23x10° 7.8%x10°
Dry deposition of N,Os 1.3 % 10* 3.5%10*
NO,+NMHCs 3.1x10° 8.6% 10°
NO;+DMS 2.4 % 10° 3.0 %10
Dry deposition of NO; 8.0x 10? 2.3x10°
NOj; uptake on aerosols 6.9% 102 38 %107
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dominant sinks of NO; (Geyer et al., 2002b, 2001a).
By contrast, in the clean MBL, most of NO; is removed
by reaction with DMS (Allan er al, 2000; Carslaw et
al., 1997). The gas phase reactions of NO;4NMHCs,
NO;+DMS, and N,0Os+H,O during the ADS consti-
tute 10%, 8%, and 7%, on nighttime average, respec-
tively, while those during the NADS constitute 28%,
10%, and 25%, respectively. Dry deposition of N,Os
and NO; and the heterogeneous reaction of NO; were
of no importance during both periods. The cause of a
predominant NO; removal mechanism in the ADS
appears to be the significant loading of dust particles.
L,ero for N,Os uptake on aerosol surfaces during the
ADS is higher than that during the NADS by a factor
of 5.5.

4. 4 Model Sensitivity

NO; levels are influenced by several physical and
chemical variables that affect both photochemical pro-
duction and loss rates as well as physico—chemical loss
rate. Therefore, the PCBM used for the prediction of
NO; is sensitive to several key input parameters. In
order to explore the magnitude of systematic errors in
our NO; estimation, the model sensitivity was checked
against each major variable (i.e., [NO,], [NMHC], and
N,QO5 uptake coefficient on aerosols). The procedure
for the sensitivity tests involved the modification of
each variable by a factor of 2 (increase and decrease) to
examine the effects on the calculated NO; concentra-
tions. For [NO,], a positive correlation of 10% varia-
tion in nighttime NO; was calculated. When the NMHC
chemistry was not considered, nighttime NO; increased
by a factor of 1.1. For the N,Os uptake coefficient on
aerosols, an order of magnitude increase of Yy,o, made
significant reduction in NO; concentrations by a factor
of 5 during the ADS. Exclusion of the DMS reaction
also made 10% NO, enhancement. Without considera-
tion of the heterogeneous reactions of NO;, N,Os, and
NO, on aerosol surfaces, there was NO; enhancement
in the model calculations by a factor of 3 during the
ADS. Based on simple calculations, overall uncertain-

ties of NO; were estimated at 70% and 20%, respec-
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tively.

5. CONCLUSIONS

The photostationary state method was used to exam-
ine the diurnal variation of NO; under conditions affect-
ed by the long-range transport of air pollutants as well
as dust particles from the East Asian continent during
ADS events. Three ADS events were observed at our
study site of Gosan, Jeju Island during the ACE-Asia
experiment. Short—term (21 days) observations of O,
NO,, DMS, and SO, in the MBL indicated that most of
these chemical species concentrations were statistically
different between the ADS and NADS periods. During
the three ADS events, NO, and SO, levels in the third
dust-storm event were significantly less than those
seen in the earlier events, implying that their levels
were affected sensitively by the differences in air mass
trajectories. The model calculated concentration level
of NO; during the ADS period was significantly lower
than those during the NADS period. Decreases in NO;
levels during the ADS period appear to be regulated
mainly by enhancement of the N,Os heterogeneous
reaction. In addition, higher DMS concentrations and
lower temperature affected NO; levels. Nighttime NO,
levels on Jeju Island during the study period were 9~
27 pptv. For the NO; sink, the reaction of N,Os on
aerosol surfaces was the most important sink for NO,
during the ADS due to higher loading of dust particles.
This study suggested that photochemistry of NOs in
the MBL during the ADS was significantly affected by
the significant loading of dust aerosols via the hetero-

geneous chemistry.
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