A study of atmospheric ammonia by means of modding analyssin the Kanto region of Japan
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1. Introduction

NH; plays an important role in the neutrdization of
adid and the formation of file aerosols NH,," partides have
been important in considering transboundary air pollution
because they have ardatively smdl dry deposition velocity.
Moreover NH," contributes to the adidification of il
because NH," is converted to nitrate by the action of
microorganisms and releases two H in soil. Therefore,
NH; and NH," patides have been important to the
acidification of the environment, and dudies of
amospheric ammonia have progressed well in the U.S.
and Europe aswdl| asthe studies of SOx and NOx.

This study focuses on the amospheric anmoniain
the Kanto region of Jgpan. The Kanto region is the mogt
densdy populated area in Japan (40 million people), and
condss of seven prefectures induding the Tokyo
metropolis. Since the area dso has many livestock, the
dengty of NH; emisson derived from urban human
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Fgure 1. Moddling domain system, consisting of nested
15kmand 5kmgrids

we have conducted observations of the concentrations for
NH; and NH," partides and evaluated the budget andys's
(Sekura et d., 2002; Sekural and Rujita, 2002). This sudy
evauates the behavior and budget for NH; and NH,"
partidesby meansof modding andysis. The concentration
and the depodtion of NH; and NH," patides were
smulated usng Modds-3ICMAQ (the Community
Multi-scde Air Quality modd, Environmental Protection
Agency) with meteorologicd  fidds of MM5 (the
fifth-generation Mesoscde Modd  of  non-hydrodatic
verson, Pennsylvania State University / Nationd Center
for Atmosgpheric Research).

2. Methodology

The obsarvations of amogpheric ammonia were
conducted a four stations (Kagurazaka, Akagi, Komae,
and Abiko) in the Kanto region from January to December
2000, and a two dations (Kagurazaka and Akagi) from
July to August 2002. Akagi is located in arurd areg, and
agriculturd sources of NHz; are rdaivey lage
Kagurazaka is located in the Tokyo urban ares, and
anthropogenic sources of NH; arerdatively large.

Fgure 1 shows the modding doman. The
meteorologicd fidds derived from MM5 hed a nested
sygem of 15 km (Domain-1) and 5 km (Domain-2) grids
centered over the Kanto region. The domain szes of
Domanl and Doman2 were 795x1125 km and
335%290 km, respectively. The vertica domain extended
up to 100 hPa and was divided into 16 layers The initid
and boundary conditions of meteorologica data were
derived from MANAL (Meso-regiond objective andyss
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daa) and RANAL (Regiond objective andyss daa)
developed by IMA (Japan Meteorologica Agency).

Modds3/CMAQ is a modding sysem tha
cdculates transport, depogtion, gesphese chemidtry,
agrosol dynamics and chemidry, and cloud processes
based on initid and boundary conditions, meteorologica
fidds and emisson data In the modding system, the
cdculation was run by means of the chemical mechanism
with CB4-AE2-AQ (Carbon Bond Mechanism verson 4
with aerosols and agqueous chemidtry), advection with
piece-wise parabolic method, and diffuson with K-theory.
The verticd domain extended up to 100 hPa and was
dividedinto 8 layers

The input NH3; emisson was edimated separatdy
from agriculturd source, anthropogenic source, and naturd
source. Since detalled information on the NH; emission
remains|limited in Japan, the emisson was estimated based
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Fgue 2. Seesond vaiations for observed and
cdculated concentrations of NH; a four gaions in
2000. (O:cdculaion, @:obsarvation)

on the emisson factors developed in Europe and North
America Theagriculturad source condgted of livestock and
fertilizer gpplication. The anthropogenic source consisted
of production plants denitrification by combudtion,
trestment,  larines,  human
perspiration and respiration, and pets. The naturd source

vehides, wadtewater

was the voldilization from soil surface The emission
amount of NHj3 in the Kanto region was esimated for 445
ton day™ with an area of about 40,000 kn?; the amount of
agriculturd source was 60%, anthropogenic source was
37%, and natural source was 3% of thetotd.

3. Realtsand discussions
Fgure 2 and Figure 3 show the seasond varidions

for observed and caculated concentrations of NH3; and
NH," patides a four gaions in 2000. Although the
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Hgure 3. Seasond vaiations for observed and
caloulated concentrations of NH,™ patides a four
dationsin 2000. ([l:cdculation, H:observaion)




20
157Kagurazaka
10 f 0
T N
> 0 00 Y N o °
=]
N—r
© 20
T .
Akagi
Z 5 | N
10
5700 o o 5
0 e Lo 1 ©
1218 0 6 1218 0 6 1218 0 6 1218 0 6
7/30 8/1

Fgure 4. Time variations for observed and cdculated
concentrations of NH; a Kagurazaka and Akagi in
summer 2002. The numbers on the horizontd axis
indicate the dat time of each sampling
(O:cdceulation, @:observation)

cdculated concentrations of NH; and NH," partides
during the summer season were somewhat higher than the
obsarved concentrations a every ddion, the caculation
resllts showed good agreement with the seesond
vaiaions of obsarved concentraions Mogt fertilizer is
gpoplied to fidds in the summer ssason. Moreover, the
emisson drength of NHz based on the voldtilization
generdly incresses as the temperature rises. Thus, it was
suggested that the high concentrations of NH3 and NH,"
patices in the summer season reflected the increase of
emisson grength.

Fgure 4 and Figure 5 show the time varigions for
obsarved and caculated concentrations of NHz and NH,*
paticles a Akagi and Kagurazaka in summer 2002. The
cdculation results showed good agreement with the time
vaiaions of obsaved concentrations The high
concenttrations of NH; were gppeared in the daytime a
Akagi, ad in the nighttime & Kagurazaka Since the
emisson grength of ammonia based on the volatilization
generdly incresses as the temperature rises, the pesks in
the daytime & Akagi reflected theinfluence of theemission
sourcesthat exist around the sampling station. On the other
hand, it was confirmed that the peeks in the nighttime at
Kagurazaka were caused by trangport of NH; from the
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Fgure 5. Time vaiations for obsarved and caculated
concentrations of NH," partides a Kagurazeka and
Akagi in summer 2002. The numbers on the horizonta
axis indicate the dat time of each sampling.
(C:cdceulation, M:observation)

northern Kanto region. In addition, it was suggested that
the high concertration of NHz in the nighttime at
Kagurazaka occurred due to the reduced verticd dilution
and high emisson rate from the anthropogenic source in
the nighttime (Sakural et d., 2003).
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