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An estimate of the conversion rates of SO, to
SO 2- and NO, to HNO,+ NO; for the
evaluation air pollution in Beijing
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Abstract—The conversion rates of SO, to S02%-.and NO, to HNO34+NO7 are esti-
mated from the field.data obtained in Beijing in summer, 1988. The results show that
the conversion rate of NO, is about four times as much as that of SO,; The conversion
rates have a diurnal variation in a day. On the average, the rate of SO, is estimated
to be 4.7% h~' during the daytime and 3.4% h~! during the nighttime. Similarly, the
rate of NO; is estimated to be 17.2% h~! and 12% h~! respectively.

Keywords: sulphur dioxide; nitrogen oxide; computer modeling; conversion rate;

oxidation.

INTRODUCTION

The transformation of NOx to NO3 is a complex process in which photochemical oxidants
are formed in the lower troposphere by reaction of hydrocarbons with nitrogen oxides under
the effect of solar irradiation and their subsequent reactions with the short-lived radical species
produced It also depends on the dry deposition of pollutant particles, gas composition of
the atmosphere (Venkatram, 1982), and a number of physical variables such as geographical
latitude, season, solar intensity and ambient ozone concentration (Wilson, 1979). The ultimate
.oxidants are PAN, HNO;, and NO3. Besides complication in the gas phase reactions, the

oxidation of SO, also includes the air oxidation, catalytic oxidation in liquid droplets, and
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cat;alyt.ic oxidation on dry surfaces of aerosol particles. The ultimate oxidant is H,SO4. The
conversion rate is a important parameter for quantitative description of the processes. A great
number of field and chamber experiments have been performed by many researchers, and various
mechanisms have been proposed and computer models developed for calculating the parameters,
with a series of rational hypothesises. Table 1 and 2 show the results achived for recent years.

In the research into air pollution of Beijing area for estimating the extent of pollution and
for explaining the mechanisms of oxidation, transformation and deposition of pollutants, we
conducted a series of field experiments in June, 1988, and the conversion rates of SO; and N@,

were obtained through the model calculation.

Table 1 Conversion rate (% h™!) of SO, to S02-

Author Field or chamber Conversion rate,

(Time) - % h!

Calvert et al. Urban atmosphere 4.0

(1978) (In the troposphere)

Chang Power plant plume 0.5-4

(1979)

Mcnanghton ¢t al.  Urban atmosphere < 3.6

(1980) Urban plume > 10
(Incloud conversion)

Endlish et al. Urban plume 0.36-2.65

(1984)

Table 2 Conversion rate (% h=1) of NO, to HNO3+NOj3

Author Field or chamber Conversion rate,
(Time) % h~!

T. Okita Urban plume 1.2-8.2 (HNO3, NOy)
(1979)

Forrest et al. Coal power plant  3-12 {(NOj)

(1981) (Summer)

Spicer Urban plume 23 (PAN, HNOg, NOj3)
(1982)

Spicer et al. Chamber 14-32 (PAN, HNO3)
(1983)

Sakamoto et al. Urban plume 1-10 (HNO3, NO3)
(1984) (Summer) ’

DESCRIPTION OF THE MODEL

Most of the sulphur from industrial and urban sources are emitted as sulphur dioxide, SO,,
accompanied by a small proportion of primary sulfates, SO?~. For a well-mixed, Lagrangian
air mass, the changes in SO, reactant concentration, R, and SO2~ product concentration, P,

may be expressed as (Chang, 1979):
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, . .
d-f:sr-kn—kgn-kdn (1)
% = Sp+ kR ~ kpP — kdP (2)

where Sr and Sp are source strengths of SO, and SO?~; k is the pseudo-first-order conversion
rate coefficient of SO, to SO%~; kg and kp are dry deposition rate coefficients of SO, and
SO2~ respectively; kd is the dispersion/dilution rate coefficient. In Equations (1) and (2), the
concentration changes due to subsequent reactions, dry deposition, dispersion and dilution are

considered. By defining the ratio, G = R/(R + P), G satisfies the rate equation:

dG _ Sr(1-G)? $pG(1-G)
dt P P

By introducing the ratio, F = 1~ G = P/(R + P) into Equation (3) results in:

~ kG — kgG(1 - G) + kpG(1 - G) (3)

dF _ __SrF’ + SpF(1 - F)
dt P P
The advantage of Equations (3) or (4), compared to Equations (1) and (2), is that kd is
eliminated. Equation (4), neglecting dry deposition, was used to estimate the NOx conversion
rate in urban atmospheres (Chang, 1979). In former experiments, one in_teresting feature was
that the ratio F' remained relatively constant during an 8-h (1200-2000 CDT) period (Forrest,

1979). We also found the feature during the surveying period in our field experiments. Since F

+ k(1 ~ F) + kgF(1 - F) — kpF(1 - F) (4)

remained approx constant for each period, i.e., dF /dt =~ 0, it is convenient to use Equation (4).
By ‘introducing dF/dt = 0 into Equation (4) and neglecting the second term (Sp/Sr = 0.02,
Forrest, 1979), equation (5) obtained:

_ Sr+xF’
T P(1-F)

The same simplification was used in calculation of conversion rates of NO,.

~kg* F+kpx F ()

In Equation (5), the deposition coefficients, kg and kp per h are estimated by use of a box
model (Chang, 1979):

kg = 36vg/H; kp = 36vp/H (6)

where vg and vp are deposition velocities (cms~!) and H is mixing depth (m).

The field experiments were performed at four sites in Beijing in consideration of prevailing
wind direction: Dongdan, Xiaozhuang, langfang and Shisarling from 17 to 21 June, 1988. The
distribution of these sites are shown in Figure 1. The site Dongdan represents heavily polluted
u.rban atmosphere; Xiaozhuang respresents the suburb with clean air; langfang and Shisanling

are typical country towns near the suburb.






