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Formation of oxidants and other secondary pollutants in

air mixed with nitrogen oxides and ethylene

EIGIL HESSTVEDT

Institute of Geophysics, University of Oslo

Hesstvedt, E. Formation of oxidants and other secondary poliutants in air

mixed with nitrogen oxides and ethylene. Geophysica Norvegica, Vol. 31 T

No 2, 1975,

A photochemical model is used to study the chemistry of a mixture of air,

NOyx, and C,H,. Mixing ratios from 10¢ to 10+ are assumed for the two

pollutants. It is shown that if the mixture contains more NOy than C,H,, then-
no formation of oxidants and no conversion of NOy to HNO, or HNO,

occur, If, on the other hand, there is more C,H, than NO,, then Oy, H202,
CH,0, and CO increase to levels markedly above the natural background
levels A major part of the NO, is converted to HNO, and, to a lesser degree,
to HNO,;. Maximum production of O, is found to occur for a. C;H/NOy
ratio of about 20:1. :

E. Hesstvedt, Institute of Geophysics, University of Oslo, POBox 1022,

Blmdem, Oslo 3, Norway

INTRODUCTION

Photochemical models have often been used

- to simulate smog-formation in air polluted

with nitrogen oxides and hydrocarbons. In
these models the time variation of pollutants
such as NO, NO,, O,, and hydrocarbons has
been computed, and the results have been
compared to laboratory experiments and to
observations taken in urban air with similar
characteristics. For some of the more recent
models the agreement is reasonable. Such
models should therefore be considered as
most useful means by which to study the
photochemistry of smog formation,

The present work is an attempt to simulate
the photochemistry in air polluted with various
quantities of nitrogen oxides and ethylene.
Particular attention is given to mixtures lead-
ing to concentrations of O,, H,0,, CO, CH,0,
HNO,, and HNO, well above their normal
atmospheric values. As a general result it is
found that production of these components
depends not only upon the concentrations of

the two primary pollutants, but even more

strongly upon the ratio of their concentrations.
The highest ozone concentrations are expected
when there is 10-30 times more ethylene than

nitrogen oxides in the mixture. Generally ~

.

speaking, the production of secondary poliu-

tants is favoured when there is more ethylene
than nitrogen oxides in the mixture.

1. THE PHOTOCHEMICAL MODEL

25 chemical components are considered in the
model. These are assumed to react with each
other in accordance with the reactions listed
in Table 1..On this basis we may compute the
composition of the air as a function of time.
As external conditions we have taken the
solar radiation at 60° latitude at equinox, a
number density (M) of 2.5X 101 cm-3 and a
surface temperature appropriate for the season
{(+17°C in summer, 0°C in winter). The col-
umn density of O, is taken as 4.5X 102 cm~-2,

" This paper was submitted to the NorWegiaxi

Academy of Science and Letters, 10 January 1975.

R



2

Table 1. Reactions and reaction rate coefficients used in the model. Values given for photodissociations ;

Eigil Hesstved:t

refer to 60° latitude, summer, at noon

R1
R2a
R2b
R3
R4
R5
R6
R7
RS
RY
R10
R11
R12
R13
R14-
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
.R28
R29
R30
R31
R32
R33
R34
R35a
R35b
R36
R37
- R38
R39
R40
R41
R42
R43
R44
R45
R46

O0+0,+M — O;+ M

0, +hv(A>>310 nm) — OGP)+ O,
0, +hv(A<310 nm) — O(D)+0O,

O(D)+M — O(P)+M
O(*D)+H,0 -+ 2 HO
H+0,+M — HO,+M
HO+H,0, > HO,+H,0
HO+CO — CO,+H
H,0,+hv—> 2HO
O+H,0, - HO,+HO

2 HO, —» H,0,+0,
HO,+0, - HO+2 0,
HO+H, » H,0+H
NO+HO, - NO,+HO
NO+0; - NO, +0,
NO+NO, 2 NO,
NO+HO — HNO,
NO+NO+0,—> 2NO,
NO,+HO — HNO,
NO,+hv - NO+0O
NO,+0 —> NO+0,
NO,+HO, - HNO,+0,
NO,+0, — NO,+0,
NO,+0+M — NO,+M
NO, +NQ; —~ NO+NO,+0,
NO,+NO; — N,0,
NO,+hv - NO+0,
N,O;+M — NO, +NO,+M
HNO, +HO — NO,+H,0
HNO, +hv — NO+HO

"HNO,+hv —> NO,+HO

HNO,+HO -~ NO,+H,0
C,H,+HO — CH,0+CH,
C,H,+0 - CH,+CHO-

'C,H,+0, - CH,0,+CHO

CH,0+hv-—> CHO+H
CH,0+hv— CO+H,

CH,0+HO - HO,+ ---

CH,+0, — CH,0,
CHO +0, — CO+HO,
CH,0+0, - CH,0+HO,

CH,0,+NO - HNO, +CH,0

CH,0,+NO - CH;0+NO,

-2 CH,0, - 2 CH,0+0,

2 CH,0, - CH,0,H+ CH,0,

CH,0,+HO, -~ CH,0,H+0,

CH,O,H +hv - CH,+HO

CH,0,H+HO — CH,0,+H,0

1.1 X 10 3¢exp(510/T)
14X 107

7.6X 1076

5.9% 1071t

3.5X 10710

2.1 X107%2exp(290/T)

1.7 X 10 1exp(-910/T)
1.3X10673

1.1X10™ -

2.75 X 10 2exp(=2125/T)

3 X 10 "exp(-500/T)

10-13exp{—1250/T)

. 107%0exp(-2950/T)

2x10713

9 X 10" Bexp(—1200/T)
8.7x1012

4x 1012

3.3 X 10%%exp(530/T)
510712

4.6%10°3

9.1xX10712

2x 10714

1.1 X 10 8exp(-2450/T)
10—31

2.3 X 10 B3exp(-1000/T) -
8.5 X102

6.4X1072

2.2 X 10 %exp(-9780/T)
6.8 1012

4.6x104

T.6x1078

131018

3xX102

X107

7.8 10-18exp(-2400/T)
1.3 %1073

3.7x108

1.4x 1071

4.3 10713

1.7x10718

3x 10718

1.4 X 107 2exp(-500/T)
3.3 X 10 12exp(=500/T)
6.8x1014 = -

6.8 1014

6.7 X 1014

34X1078

4 X 1018 TY exp(—600/T)

while the column density of O, is assumed to
vary with the season. The following values are

chosen: summer: 9.3X1018 cm-2, autumn:

7.8 %1018 cm-2, early winter: 8.1 1018 cm-2, -
late winter: 1.0X 101 cm-2, and spring: 1.1X
10® ¢m-2. As initial values for the chemical
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components (except NO, NO,, and CH,) we
have taken normal atmospheric values. How-
ever, the results do not depend critically upon
this choice.

For C,H, and NO; (the sum of NO and
NQO,), the initial values are varied over a very
wide range. Mixing ratios of 10-8, 10-7, 10-6,
10-3, and 10-4 are used, and this gives 25
combinations.

The formation of O, is, in most cases,
determined by the ratio of NO, to NO. The
initial value of this ratio is therefore an im-
portant parameter, which strongly influences
the time scale of oxidant formation (see Fig.
1). We have considered two values of the ratio,
1:3 and 1:1; the former is considered as being
more reahstlc

Because of absorption of UV-light by 0
and 03, only wavelengths above about 290
nm are of mterest in ‘a’ study of the photo-

Production _ 4
R2b . O(D)
RZa, R19 " . oeP)
R4, RS, R11, R13, R29 ~ HO
R7,R12, R35%a . - H

R25 _ B N,O,
R32, R33 CH,
R41, R42 _ CH,0O
R33, R34, R35a CHO

The chemistry of O, and H,O is so slow in
our model that we may ignore it. For these
components typical atmospheric values are
assumed.

The remaining 17 components have, at Ieast
in some of the 25 alternatives of the model,
a lifetime which is more than one second, i.e.
more than one tenth of our time step, which
is taken to be 10 seconds. For these components
we have to integrate simultaneous differential
equations of the form :

d[X]
T =P — Q- [XI

chemistry at the earth’s surface. Solar flﬁxes
as well as absorption cross-sections of O, and
Oy are taken from Ackerman (1970). Absorp-

tion cross-sections for other components have _

been compiled and reviewed by Hudson &
Kieffer (1974). Reaction rate coefficients have
been compiled and reviewed by Garvin &

Hampson (1974). Data recommended by these

authors are used.

Dissociation rate coefficients are computed -

every minute following the varying elevatlon
of the sun.

O(P), O(D), HO H, N,O;, CH3, CH O,
and CHO have lifetimes shorter than one
second. We may therefore assume these com-
ponents to be in photochemical equilibrium

with their chemical environment. Referring to’

- Table 1, we may describe their production and

destructlon by the folIowmg list: -

Destruction -
R3, R4
"R1, R20, R33
R7, R16 R18, R28, R32, R36
R5 -
R27
R37
R39
" R38

where P, is the production and -_Qx - [X] is the.

destruction term of the component X. P, and. . .
Qy do not have [X] as a factor; but may in. -

many cases be implicit functions of [X] through
the complex chemistry of the system as a
whole. If P, and Q, vary only in significantly
over the time step, our equations are partic-
ularly easy to integrate:

[X] ¢+ a1=1XTe + ([X1[XIe) - exp(—Q, - AD)
where [X], = P/Q,, or alternatively

[Xls at = [X + PeQy - [XD + At
if Py})Qc-[X]. The reactions determining

_ these 14 components are: -
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Production
R19
RS, R36, R38, R39 HO,
R10 H,0,
R19, R20, R29 NO
R13, R14, R28, R41 NO,
R22, R23 NO,
R16, R21, R40 HNO,
R18 HNO,
C,H,
R34, R37 CH,0,
R32, R39, R40 CH,O
R43 CH,O0,
R43; R44 CH,0,H
R35b, R38 Cco
2. RESULTS

On the basis of the reactions listed in Table 1
we have computed the composition of the 25
gas mixtures as a function of time. Computa-
tions are made for five different times of the
year: late winter, spring, summer, autumn, and
early winter. Some computations cover a period
of 24 hours; however, the night-time chemistry
does not offer much of interest for our prob-
© lem, Most of our computations therefore cover
a four-hour period around noon, from 10 a.m.
to 2 p.m.

It clearly appears from our models that they
fall into two classes: if there is imitially more
ethylene than nitrogen oxides in the mixture,
then a production of oxidants (O, and/or
H,0,) takes place. If, on the other hand, there
are more nitrogen oxides than ethylene in the
mixture, then no such formation takes place.
On the contrary, the concentration is in many
cases reduced to values well below normal
-atmospheric values. This division into two
classes is independent of the initial value of
the ratio NO,/NO. It does, however, to some
extent depend on season: in winter only one
of the 25 models gives ozone values above
normal.

The lifetime of O, varies from a fraction of
a second to half an hour. In most cases the
lifetime is shorter than three minutes. For a

qualitative discussion we may therefore assume

O, (odd oxygen) R14, R20, R22, R23, R33, R34

Destruction -

" R10, R11, Ri3, R21 . -
R6, RS, R9
. RI13, R14, R15, R16, R17, R40, R41
R19, R20, R21
R15, R26
R28, R29
R30, R31
R32, R33, R34
R40, R41, R42, R43, R44
R35a, R35b, R36

R45, R46
R7

that O, is not very far from photechemical
equilibrium. The expression. .
[Og] = Jxo, - [NOV(K,, [NO]-!—kM[C H4])

may serve as a good first approximation. The
ethylene term in the denominator only becomes
significant when the C,H,/NO, ratio is large,
above about 100. '

It is the aim of this paper to study in partic-

ular gas mixtures which lead to formation of

oxidants well above normal atmospheric values.

1013

7

E

7]

= 107 9
£ e
@

o 1012 o
= £
2 X
£ E
3 ™
c 108 °
Ll

o]

10" n" 12" 13"

time S

Fig. 1. Formation of O, in a C,H-NOx-air mixture
(60° latitude, summer [C,H,/[NOx}=15). Curves
A, B, C, and D refer to 1075, 107, 107, and 107,
respectively for mixing ratio of NO;. Results for
ING,l/[NO4]1=0.25 at the beginning of the ex-
periment are shown by solid curves, while dashed
curves refer to a value of 0.5 for this ratio. :

o
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Fig. 2. Maximum values of O, (number density
X1072cm™®) during a four-hour period around
noon (summer)} for different combinations of mix-
ing ratios of NOy and C,H,:

Our attention will therefore be focused on
the cases when the C,H,/NO, ratio is greater
than 1. Already the results from our 25 models
indicate that the highest concentrations of
O, occur when the C,H,/NO, ratio is be-
tween 10 and 100. In order to be more specific
about the conditions which lead to the highest
densities of Oy, we have computed a series
of models with intermediate values of the
C,H/NO, ratio. The results are shown in
Fig. 2. The computations refer to 60° Jatitude,

summer, and the diagram shows the highest

O; number densities (unit 102 ¢m-3) within
a four-hour period around noon. The diagram
clearly demonstrates that the O, formation
primarily depends on the C,H,/NO, ratio. The
highest values are found when this ratio is
15:1. For other values of the ratio the O,
formation is smaller. The requirements seem
to be more restrictive on the lower side; values
below 2:1 will hardly result in significant in-
crease in Oy. The same seems to be true if the
ratio is greater than about 400, but this figure
depends to some extent on the absolute den-
sities of the two pollutants,

These results agree qualitatively with ex-

perimental work (for reference, see Schuck,

Pitts & Wan 1966). Several investigators have
pointed out that maximum oxidant formation
or maximum eye irritation occur for a certain
value (between 10 and 100, approximately) of
the hydrocarbon/NO, ratio. When this ratio
is smaller than about 5 or- higher than about
200, oxidant formation and eye Jirritation be-
come insignificant.

While experiments give us very little in-

formation about the various chains of reac-
tions which lead to O, formation, our model
provides an opportunity to weigh the different
reactions against each other. Of primary im-
portance is a comparison of the reactions
which convert NO to NO,, We find that R13,
R14, and R41 dominate over the other candi-
dates we- have considered. However, the effect
of reaction R14 is rapidly counteracted by
reactions R19 and R20, through which NO,

is quickly recycled to NO. The net effect of
these reactions is therefore likely to be small

0 OH. 0, ' -

cho [ =cH, N ™ S CHO
L__L___4 _____ é/'[
/ N7
)"I' 02 ¥ - 0,
Fd
/ l / HO l
/ co
CH.0
h\ ava \"‘Hoz.___
I Yo - ~
l \-"'--____. \
/ NO T~ |
/ - ~< f
j \ v
t ]
HNO, NO, - | HOp -~

T o
Fig. 3. Flow diagram for photochemical distinte-

gration of C,H,, Ieadmg to convers:on of NO
to NO,.

o e e A o L e e i I e L ) e et o e B B A AT A
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1013
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Q

2 107 o
= =
< ot
o 107 o
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o =
£ E
s } Ny
(= 100
S

Fig. 4. Formation of Oy in a C,HNOx-air mix-
ture (60° latitude, [C,H,]/[NOx}=15}. Curves A,
B, C, and D refer to 1075, 1079, 107, and 1078, re-
spectively, for the mixing ratio of NOy. Solid
curves are for summer, dashed curves for equinox,
and dash-dotted curves for winter.

compared to the effect of reactions R13- and
R41. The latter reaction is rapidly followed
by reaction R39, whereby HO, is formed. This
adds to the importance of reaction R13.

This leads us to a closer examination of the
-production and destruction of HO, and CH,0,.
We find that these components arc produced
by daughter products of ethylene: HO, is
primarily formed through reactions R5, R36,
R38, and R39, while CH,O, is formed through
reactions R34 and R37. None of these reac-
tions involve nitrogen. On the other hand, HO,
is primarily destroyed through reactions R13
and R21, while the destruction of CH,0O,
mainly proceeds through reactions R40 and
R41. These four reactions. involve nitrogen
oxides. Thus conversion of NO to NO, is
favoured by a high ethylene content, while a
high NO, content has the opposite effect. A
critical value of the ratio C,H,/NO, exists,
such that O, reaches high levels when the ratio
is above this critical value, while the opposite
is true when the ratio is smaller. We have
determined this critical value to be approx-
imately 1 or perhaps a little higher, say 5.

When the ratio C,H,/NOy reaches very high
values, lé,rger than several hundred, our reason-
ing no longer holds. The main reason for this

is that bs is no longer proportional (approxi-
mately) to the ratio NO,/NO, since reaction
R34 gradually takes over as the most im-
portant loss reaction for O,. In addition, NO,
formed from NO is rapidly converted to HNO,
through reaction R21. As a logical conse-
quence of this decrease in O, with very low
and very high values of the ratio C,H,/NOy,
there must exist a value for this ratio which
gives a maximum O, content. We have deter-
mined this value of the ratio to be 15:1. _

The complex chemistry through which
CH;0, and HO, are formed as daughter pro-

‘ducts of C,H, is shown schematically in Fig. 3.

The two important reactions which convert
NO to NO, are also included. )

We have already mentioned that the forma-
tion of O, depends to some exfent on the
season. Under winter conditions ozone is re-
duced well below -background levels for al-

101 T '.| S T
Cz“a
-]0'5 -
107 e
o /
< ° — 03— o7
2 : o
] NOpoooo | "5
g 1012 / =
'U m
c
L™ - —
@ X
‘é‘ E
2 41078
NO
10"k
- J10-9
]010 ) [l i 1
10" nt 12" 13" 1w

time
Fig. 5. Composition of a C,H,-NOy-air mixture
exposed to solar radiation (60° latitude, summer
[C.H,V/IM]=1.5X107%, [NOLI/[M]=10"7 at the be-
ginning of the experiment).
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10'5 T T .

2,
"

107

H;0, number density, em™3
o

_.
=
Ld

10" Coh 12" gt 15"

Fig. 6. Formation of H 40, it a C H4-N0x-a1r
mixture (60° latitude, [C H ]/[NOX} 15). Nota-
tions as in Fig, 4.

most all our gas mixtures. The obvious reason
for this is the lack of ultraviolet radiation due
to low sun. This results in a slow photodis-
“sociation of NO,, which is the source of odd
oxygen. On the other hand, computations for
summer and equinox give, for certain
C,H,/NO; ratios, high ozone values. This is
illustrated in Fig. 4, which shows the results
of four hours’ integration around local noon
for 60° latitude and for a C,H,/NO, ratio of
15:1.
it was shown above that the peak value of
O, is almost independent of the degree of
pollution, as long as the C,H/NO, ratio re-
mains the same. However, this dees not mean
that the degree of pollution is unimportant for

smog formation in the atmosphere. According-

to Fig. 4, it takes 22 minutes to reach an O,
level of 2 X 1012 molecules/cm3, when the
mixing ratios of C,H, and NO, are 1.5 X 10-4
and 10-5, respectively, while it takes 66 min-
utes fo reach the same level when the mixing
ratios are 1.5X10-5 and 10-5, and 150 min-
utes when the mixing ratios are 1.5X10-¢ and
10-7. The time required to \reach high O,

H;0; mixing ratio

levels goes up by a factor of 2.5-3 when the
degree of pollution is reduced by a factor of
10. This is important to have in mind when
results from box models are applied to the
real atmosphere. If.the pollutants are emitted
from a single source, high_concentrations will
persist only for a short time. A realistic simula-
tion of a real case must also include dilution

- of the pollutants due to turbulent motion of -

the air.

Up to now we have primarily discussed the
formation of O, in our models. However, also
the other chemical components undergo devel-
opments which are quite interesting. Fig. 5 is
presented as an example of the development in
a mixture which leads to high O,. The mixing
ratios of C,H, and NO, are 1.5X10-8 and
10-7, respectively. Generally speaking, most
of the free carbon goes to CO -and CH,0,
while HNO; and, in particular, HNO, gradu-
ally takes over a considerable fraction of the
odd nitrogen. However, rather than discussing
the complex development of each model, we
shall consider the chemical components one
by one:

a) Hydrogen peroxide, H,0,
H O2 is formed through reaction R10 ngh

T I T T l‘ : ‘0-‘:
1015” /

£ 5/4 4103
0 / S
3"1011. ' e
-@ E
' o
° C
L =
2 £
E 103 o
] Q
cC
(o]
Q

I 1 L

10 e b 13" RTAE
time

Flg 7. Formation of CO in a C,H;-NOj-air mix-
ture (60° 1at1tude, summer. The notation m/n
means the mixing ratios of NQy and CH are
10m and 107n, respectively).
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075

o
tn
=

CHNO,1/ [N ogq]

0.25

10h

Fig. 8. Formation of HNO, in a C,H,-NOy-air
mixture, given as fraction of total add N. (60°
latitude, sumimer). The significance of the nota-
tions m/n, A, B, and C is explained in Figs. 1
and 7.

-concentrations of ‘H,0, therefore depend on
high concentrations of HO,. Since this is also
true for O,, the two oxidants H,0, and O,
will develop in the same models: also for H,0,
the highest concentrations - will occur for
[C;H,J/INO,]=15:1. As shown in Fig. 5, the
- amounts of H,0, depend very strongly on
the degree of pollution. For an ethylene mix-
ing ratio of 1.5X10-4, H,0, will pass 1 ppm
after about 35 minutes, and 10 ppm after
2.5-3 hours. However, such a high concentra-
tion will hardly peisxst for such long times in
the real atmospherp, where turbulent diffusion
will tend to dilute the pollutants before high
concentrations are built up,

b) Carbon monoxide, CO

In gas mixtures with high C,H, content, CO
will grow well above background level. Fig. 7
shows that the C,H, mixing ratio has to be
10-% or higher for this to occur, And since

such high concentrations are unlikely to exist

for a sufficiently long time, CO formation is

believed to be ummportant under atmosphenc
conditions. -

¢} Nitrous and nitric acids, HNO, and HNO,
These two components, and notably HNO,,
are formed from NO, in models which con-
tain more C,H, than NO,. For high degrees of
poliution (fC,H,1/ [M]1>10-5) the formation of
HNO, proceeds quite rapidly, in approximately
balf an hour (see Figs. 8-9). But as already
mentioned, such high concentrations will hardly
exist very long. Under atmospheric conditions
one must therefore expect a slower conversion
of NOy to HNO, and HNO,.

- d) Formaldehyde, CH,0O

Like CO, CH,O is produced in considerable’
amounts when the C,H, mixing ratio is high,
=10-5. However, for reasons already men-
tioned, the high values indicated in Fig. 10
will hardly occur under atmospheric condt—
tions,

3. APPLICATION TO ATMOSPI—IERIC
CONDITIONS

The models presented here are attempts to
simulate the chemical development in an at-
mosphere with given -and fixed degrees of
pollution. But if the pollutants are emitted
from a single source, polluted air will be
diluted with cleaner air during -its transport

HNO, ]

Fig. 9. Formation of HNQ, in a C,H;NOy-air
mixture, given as fraction of total odd N. (60°
latitnde, summer). Hatched area covers the cases
5/4, 5/5, 6/5, /6, 8/7, A, B, C, and D. For ¢x-
planations, see Figs.. 1 and 7.
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Fig. 10. Formation of CH,O in a C,H,-NOy-air
mixture, (60° latitude, summer). For explanations,
see Figs. 1 and 7.

downwind from the source. A complete sim-
ulation of such a “real case” must include
the effect of turbulent diffusion and mean wind
transport. ' S

It is beyond the scope of this paper to
treat such a general problem, where the results
will depend strongly upon meteorological para-
meters, such as stability and wind speed. How-
ever, as an attempt to evaluate to some extent
the effect of dilution, we shall consider a hypo-
thetical model experiment, designed as follows:
We shall start with a mixing ratio of 10-5 for
NO; and a C,H/NO, ratio of 15:1. This
mixture shall then be diluted with clean air
at such a rate that the mixing ratios of odd
nitrogen and carbon are reduced exponentially
and by a factor of ten in one hour. Al
chemical components in the model are diluted
every third minute according to the formula

Xy = X, - + xp (1)

where x, and x, are the concentrations before
and after the dilution, x, is the background
value. In this particular example f=10-0.05,
We have also computed a similar experiment
with a doubled rate of dilution, i.e., by a
factor of ten in half an hour (f=10-91). In
both experiments the dilution is stopped when
the NO, mixing ratio has decreased to 10-8.
The results of these computations are given in
Figs. 11 and 12. If the results for O, are

compared to the curves in Figure 4, we find
great similarities.

The two dilution experiments give an indica-
tion as to how and how much the results from

box models are modified when the polluted

air is subject to turbulent_mixing with clean
air. A comparison with Figure 4 shows that
the time required to reach a peak value of O,
remains almost unchanged, but the peak vilue

~itself is reduced. The reduction depends

strongly upon the rate of dilution. This is also
true, and even more pronounced, for H,O,.
Formaldehyde will probably reach a peak
value of a few ppm, after 20-30 minutes. The
conversion of NO; to HNO, is not likely to
be very much different from what we can
deduce from box models.

However, although our dilution experiments
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Fig. 11. Model experiment with decreasing degree
of pollution. The mixing ratios of C,H, and NO4
at the beginning of the experiment are 1.3X107%
and 1075, respectively. The gas -mixture is con-
tinuously mixed with clean air at an exponential
rate corresponding to a dilution of one order of
magnitude in one hour.
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Fig. 12. Same as Fig. 11, but-for a rate of dilution
of one order of magnitude in half an hour.

give us useful information about the chemistry
in polluted air which is subject to mixing with

the surrounding cleaner air, they do not permit
us to draw definite conclusions about oxidant
formation in a given place and under specific
conditions. Such problems call for compre-

"hensive diffusion models.
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