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Nitric acid (HNO3) formed via photo-oxidation of NOx is one of the most important
acidic gases in urban air. Aerosol nitrate (NO−3 ), which is one of the major aerosols
in urban air, is formed from HNO3 and ammonia (NH3). Ground-based in-situ mea-
surements of gas-phase HNO3 and particulate NO−3 were made with high precision
(10-20%) and time resolutions of about 1 and 10 minutes, respectively, near the urban
center of Tokyo during 2-3 weeks periods in 2003-2004, in order to assess parame-
ters controlling their abundances. HNO3 and total nitrate TN (= HNO3 + NO−3 ) were
observed to undergo distinct diurnal variations, reaching maximum values during mid-
day and minimum values during the nighttime, confirming photo-oxidation of NOx to
be major source of HNO3. The daytime HNO3 mixing ratio also showed strong sea-
sonal variation, highest in summer (3 parts per billion by volume (ppbv)) and lowest
in winter (0.1 ppbv). This variation is caused mainly by the seasonal variation of the
HNO3/TN ratios rather than that of the photo-oxidation of NOx. The HNO3/TN ra-
tio strongly depends on temperature and relative humidity. The partitioning of nitrate
(HNO3 and NO3−) is calculated using box models: one is thermodynamic equilib-



rium box model, and the other is non-equilibrium box model. The non-equilibrium
box model includes effects of vertical mixing; relatively-NO−3 -rich air is transported
from colder upper boundary layer to the warmer surface. In general, the equilibrium
model reproduces the observed HNO3/TN ratios well, indicating that the partition-
ing of nitrate is largely controlled by local thermodynamic equilibrium. However,
NO−3 (HNO3) is under-predicted (over-predicted) by the equilibrium model typical at
midday in summer and autumn. The non-equilibrium model greatly reduces the dis-
crepancy, indicating that vertical mixing largely affects the partitioning of nitrate on
the surface during the daytime.


