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A Iéghkiri salétromsan kelethezéae Fulonbizd feltételek kozitt. A légkirben a nitrogén-
vegyiiletek atalakulisait bonyolult, nemlinedris kolesdnhatdsok szabdlyozzak. Ezért az
emisszio, 8 koncentracid és az filepedés kézotti kapesolatot csak komplex matemstikai
modellek segitségével irhatjul le. A tanulmény olyan modellt ismertet, amelynek segitsé-
gével megvizsgilhatd, hogyan fiigg a salétromsav-kiépzfdés sebessége ¢s a salétromsav
koncentricioja A légkdrbe bocsitott szennyezddés kémiai dsszetételér6l A szimitisok
bizenyitjik, hogy a sulétromsav képzédés és a nitrogén-oxid koncentricié kozotti kap-
csolat nem linearis. A salétromsav keletkeziés sebességét és Wgkari koneentraciojil a szém-
hidrogén emisszid/koncentricié befolyasolja.

*

Production of nitric acid in the atmosphere wnder different conditions. In the atmosphere
the transformations of the nitrogen compounds are contralled by complicated non-linear
interactions. Therefore, the relations hetween the emission, concentration amd deposition
can be described only by complex mathematical models. In the paper a model is presented
by means of which the dependence of the concentration and the production rate of nitrie
acid on the chemical composition of the pollution emitted is studied. The calenlations
prove that there is no linear relation between the rate of the nitrie ueid production and
nitrogen oxide concentration. The production rate and the concentration of nitric acid are
influenced by the hydrecarbon emission/concentration.

*

Introduction. The acidification of scil and surface waters, the damage
to vegetation and building materials cause a growing problem in several
countries of the world. These processes are generated by the acidic compounds,
first. of all by sulfuric and nitric acids being deposited from the atmosphere.

The dominant part of atmospheric sulfuric and nitric acids originates
from sulfur dioxide and nitrogen oxides released by human activity. Due to
the close control for the sulfur dioxide emission the role of nitrogen
compounds in acidic deposition have been growing recently and this tendency
is expected to continue in future. Therefore, studies on the formation of nitric
acid have an important place in the list of invertigations dealing with
acidic deposition and with environmental protection.

1. Transformations of nitrogen compounds

Nitrogen oxides, dominantly in the form of nitrogen monoxide. are
released into the atmosphere during the use of fossil fuel, for example from
the exhaust of the motor vehicles. Nitrogen monoxide catalizing the oxidation

* Paper presented on the EURASAP Symposium, Budapest, 22-24 April, 1936.
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of organic species is quickly transformed into nitrogen dioxide. Nitric acid
can de directly produced from nitrogen dioxide through its reaction with
hydroxyl radical. Nitric acid can be produced from NO, and N,O;, as
well. These preeursors are also formed from nitrogen dioxide. Nitric acid can
be considered as a final product. It leaves the atmosphere either directly by
wet and dry deposition or transformation into nitrate aerosol.

The amount of nitric acid produced and the rate of its formation are
not only controlled by nitrogen oxide emissions. They depend on the intensity
of solar radiation, air temperature, humidity and the general composition
of the atmosphere. The interactions of atmospheric trace gases are so comp-
licated that they can be investigated only by computer based mathematical
models.
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Fig. I.: The transformation of nitrogen species in the model

To construct such a mathematical model a proper chemical reaction
mechanism is necessary. Recently Bérces and his co-workers in the Central
Research Institute for Chemistry, Hungarian Academy of Sciences, elaborated
a reaction mechanism for the investigation of photochemical smog formation
(Bérces et al,, 1985). That reaction scheme has been considered to be suitable
for our purposes. The reaction mechanism iz a lumped one in which the
hydrocarbons of similar properties are grouped and each group is represented
by one species. It is based on the smog mechanism of Atkinson and his
co-workers (Atkinson et al., 1982) taking into account new findings and data.
The mechanism consists of 64 chemical reactions of 41 species. In addition,
it has been completed with 24 further steps simulating the emission and
deposition of the trace constituents as first order chemical reactions. The
scheme of those parts of our reaction mechanism, which relates to the nitrogen
species is presented in Fig. 1. In the figure only some important agents are
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indicated on the reaction paths. The chemical part of the reaction mechanism
has been tested against smog chamber measurements of Pitts and his co-
workers (Piits et al., 1979) and a good agreement has been obtained.

2. The model

For tracing the dependence of nitric acid production on the composition
of the pollution emitted the following model has been constructed: The air
corresponding to tho background econdition travels through a city. The
composition of the pollutants emitted from the city and the strength of the

TABLEI
Ermission values used in the model caleulations {molecule
o231y
Urban
Background {industry +
{Burcpe) transport)
{reference caan)
NOy P11 10 {a) (b) 2.2 1012 (g)
(&0] L 2.9x102 (g) 2.0x1012 {g)
50, 4.7 101 (b) () (@) 2.0 ¢ 112 (g
Alkane - L1 x 1011 (e (e) 2.6:¢1012 (L}
Ethene P20 101 (b (o} 2,1 101 (h)
Propene : LO 1010 {e) () 16 1011 (h)
Butene 8.0 108 (b) (¢} 1.6 % 1011 (h)
Toluene 1.8 1010 j¢) 2.4 <1011 (k)
Xylene 2.0 % 1010 (b) (e} 4.4 1011 (h)
HCHO 2.8 X109 {¢) 5.0 1019 {h)
CHaCHO 4.9 108 {c) 4.6 < 13® (h)
Me-CO-Ft  © 2.4%108 o) | ToXi00 (h

{a) Bdnis, 1981; {b) Eliassen ot al,,

(e) Hox et al.,
of the

1982; {¢) Derwent and Hov, 1982; (d) Vidrhelys, 1952;
1978; (f) Tille et al., 1985; (g} estimated emission of Budapest based on the data

Institute for Environmental Protection, Hungary; (h) calculated from the data of
Derwent and Hor (1979)

source can be varied. The effect of different emisgion composition is traced
in the air leaving the city using the complex chemical reaction mechanism.
In the model continental background conditions based on typical European
data and a city similar to Budapest are assumed (Table I). The physical
parameters are: summer, clear sky, the daily variation of the temperature and
humidity correspond to the monthly averages in July in Budapest. The air
enters the city at 10 a.m. and leaves it two hours later. Beyond the city back-
ground emission is supposed. :

For the calculation a reliable, consistent background concentration set is
needed. To obtain such a concentration set a model run only with background

TABLE II

Faciors for the urban emissions (A* reference case)
i o - _
Factors P

A* | B | ¢! p|E;, F @
— e - —— T2
NO, | 1 s o ! 1 15 15 | | L5
Alifatic HC 1 |1 ;s i1 P15 b1 L5, L5
Aromatie HC | 1 {1 | 1 L5 11 ! L5 | 15 : 15
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emissions has been made. The calculated concentrations have been compared
with the results of the measurements published in the literature and it has
been found that the concentrations caleulated are within the range of the
measurements reported for continental air. '

The first model run has served as a reference case in which the emissions
presented in Table I are used. In the further ealculations these emission values
have been changed and the effects in the air leaving the city have becn traced.
Sevén cases have been ealeulated: increased NOy emission, increased alifatie
hydrecarbon emission, increased aromatic hydrocarbon emission, and all of
their combinations. The word “increased” means 50%, in all of the cases (see
Table 11). In the calculations the mixed layer over the city is 1200 m high and
the emitted substances are distributed homogenecusly in that ]cwer The
formation of the concentrations in the air leaving the city has been traced for
18 hours, until 6 o’clock next morning. In Europe the source areas are so close
to each other that usual) y an air parcel spends a much shorter time under back-
ground condition.

At firgt, the changes in the composition of the air leaving the urban area
were studied. In Table 111 the typical changes are marked with arrows of

TABLE III
Qualitatice changes of the atmeapheric concentrations beyond the city relative
to the reference case for the cascs of Table 1T, The direction and the size of the
arrows denote the direction and the measure of the changes
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different sizes. It can be seen that in the case of increased NO, emission (case B)
a significant fall in the concentration of oxidants occura. They are consumed in
the transformation of the inereased amount of NO to NO,. Since less oxidant is
available, the oxidation of hydrocarbons and so the production of PAN he-
conies slower, Because of the depressed concentration of oxidants the rate of
sulfuric acid formation in homogeneous gas phase reactions becomes lower,
thercfore the sulfur dioxide concentration is somewhat higher in comparison
with the reference case.
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The increase in the emission of alifutic hvdrocarbons {case C) causes little
changes in the concentration of the trace constituents other than hydro-
carbons, Only the PAN concentration increnses by a few percent because its
formation is promoted by hydrocarbons.

The increased aromatic hydrocarbon emission (case D) also increases PAN
concentration and it also causes some increases in the concentration of oxidants.
For the remaining cases essentially combinations of the previous ones have
been ohtained. Of course, it does not mean that the combination of effect is
linear.

The changes in the concentration of nitric acid are presented in separate
figures, In Fig. 2 those cases arre collected in which the NO, emission corre-
sponds to the reference case (case A). In the figure the changes of the nitric acid
concentration relative to the reference case are shown. Remarkable changes
can be observed in the nitric acid concentration, although the emission of
nitrogen oxides is not modified. Fig. 3 shows the effect of the increase in the
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hydrocarbon emission when the NO, emission is higher by 509, than in refer-
ence case. Here the dependence of the nitric acid concentration on the emission
of hydrocarbons can also be realized. The reason is that the variations in the
hydrocarbon emission modify the general composition of the atmosphere
and go influence the rate of nitric acid production.

In Fig. 4 the relative changes in the rate of nitric acid production are
presented for the cases in which the NO, emission corresponds to the reference
case (case A). The rates of nitric acid production differ remarkably from that

3[HNOg] /3t - (B8[HNOZ] /] L ocaa
. - 100 %
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Fig. 4. : The relative changesin the
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in the reference case. Similar results are obtained when the cases with increased
NO, and hydrocarbon emissions are compared with the cage in which only the
emisgion of nitrogen oxides is increased (case B) (Fig. & ).

In Fig. 6 the overall relative reaction rate for nitrogen oxide — nitric acid
transformation is presented for three special cases as a function of time. The
cases are the reference cne, the case B in which only the nitrogen oxide emission
iz inereased, and a case corresponding to the background condition supposed in
the model calculations. All of the relative transformation rates vary signif-
icantly during the day. Their absolute maxima are at about noon when the
NO, + OH reaction dominates. A local maximum can be seen at about 6
o’clock p.m. when the reaction of N,O, with water vapour takes over the main
role in the nitric acid formation. The transformation rates in the three cases
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differ from each other significantly during the time period studied. This fact
proves that there is no linear relation between the abgolute transformation rate
and the nitrogen oxide concentration,

3. Summary

The calculations prove that the overall relative rate of nitric acid produc-
tion varies in a wide range depending on the general composition of the
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atmosphere. It means that there is no linear relation between the rate of the
nitric acid production and the nitrogen oxide concentration. The time depend-
ence of the relative transformation rate is also significant. We have shown
that the production rate and the concentration of nitric acid are influenced
by hydrocarbon emissions. Therefore, we suggest that one camnot recommend
an overall relative transformation rate for general use in the transport models
of nitrogen compounds, at least for the case studies.
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