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INTRODUCTION

The major part of emitted NO
removal of NO from the atmospher6-xThen, NO, in a range of reactions
ducts su6h as nitrates, nj-tric acid
photolysi-s in the daytime. NO, will
ozone

is NO. The first step in the
is the oxidation of NO into NOr.
i-s converted into oxidation pio-
and PAN. Besides, because of
contri.bute to t].e formatlon of

Knowledge of the NO
importance for a nurrtcer 5f
- for long range transport

estimation of the impact
cular;

- for an understanding of tropospheric chemistry;
- for modelling exercises. Especially in models of the Gaussian

Plume type, conversion and annihj-lation of pollutants are treated
by the introduction of some exponential loss term r',hich is direct-
ly related to the removal rate of the potlutant under discussion.

NO* may be emitted at. ground level or by elevated sources
(plume iiO_). Because the removal rate of NO-. emitted by elevated
sources n6eds not per se be the same as that of NO emitted at
ground1eveI,thetwocaseswi11betreatedseparate1y.

removal rate from the atmosphere is of
reasons:
problems of NO* in general and for
of urban NO off downwind areas in parti-x



The residence time ('r) for NO in an air mass near the _oround
in a well-mixed layer u;rder ..r"r.96 meteororogical conditic:rs is
given by:

T-r-T--l+T--1*T^-1 (1)dwc
tU is the resj.dence time by dry deposition removal
't_- is the residence time by wet deposition removal
t] is the residence time by chemical conversionc

. The residence time of NO* by dry deposition is given by:

T - = H.v--rdd(2J
T. is the residence time (s)
Ho is the mixing depth (m)

Vd is the deposition velocity (r.s-I)

The foss rate of NO* by dry deposition on an hourly basis
amounts to:

Al.to* = 1 - exp (-3600..u-')

ANo* = r - exp (-36oo.H-1.vu)

If H is assumed to be 1000 n and the dry deposition velocity
NO-- is assumed to be l of tJ:e dry deposition velocity for SO.
o,) cm.s-r, Alro-- is << o.0r h-1 (TNo, t98o) 

- --2
'x

. Loss of NO - by wet deposition is given by:x

ct = co exp (-trt)

(3)

U)

vU for
1. e.

(s)

c- is the pollutant concentration at time t
cl is the original pollutant concentration
tro is the "wa!h out" coefficient (s-1), estimated to be 510-s s-r

(TNO, 1980)
Since T = tr-I, this amounts to a residence time of NO bv wet de-
positioH of about 28 h. This calculation holds for a plecipitation
intensity of'about I mm.h-I. From this figrure a.yearly average
removal rate of O.OOl-0.O02 h-r and a residence time of 3 to 5 weeks
may be calculated for precipitation duration and intensity valid for
Western Europe

The chemical conversion of NO-. is dependent on many factors.
Smog chamber studies, moCelling ex$eriments and field monitoging
reveal that the NO_- removal rate depends to a considerable extent
on the degree of pHotochemical activ:-ty. From what has been discussed



before, it seems that in many circumstances loss of NO. by wet anc
dry deposition is smal1 compared with chemical conversion. In the
following paragraphs an estimate of the oxidation of NO and the
removal rate of NO , mainly by chemical conversj-on reactions, will
be given

NO OXIDATION IN PLUMES

Unlike the oxidation of NO in the free atmosphere, the oxidatio;r
with oxygen also plays a role in the oxidation of NO in plumes. The
major dark reactions in plumes are (EIshout et a1. , l91B; Van Duuren
et aI., I9l9):

Because of absorpt,ion of UV

during daylight hours:

(6)

02 (7)

Ro' (8 )

irradj-ation the following reactions occur

(tr< 400 nm)

2NO + 02

NO+03

NO + RO2'

k.,
- * 2NO2

kz
+ NO,, +

k. '
-1---------------- NO2 +
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M -------->

----------+
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(tr < 320 nm)

NO

o-
J
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20H

+O

+M

*oi

(e)

(10)

( 11)

lt2)

(r3)

In the daytime the so-caIled photo-stationary state can be
reached in very well-mixed parLs of the atmosph'ere:

[or] [no] = !;"orl""2
In an atmosphere heavily polluted with hydrocarbons radicals

will be generated. For this reason with reaction (7) competitive
reactions will proceed. This results in a higher NO, Ievel and con-
sequently in the formation of ozone. This situation'is especially of
importance for plumes from industrial areas, such as the Rijnmond
area, near Rotterdam (Van Duuren et aI., l_gTg)

Model studies (EIshout and Steenkist, ]l.9l4; Varey et aI., 1978;
Cocks and Fletcher, 1979) have shown that the oxidation of NO with
oxygen in plumes occurs close to the stack (transport times up to
200 s). For power station plumes with initial NO concentrations
between 1OO and 5OO ppm, the degree of oxidation in the daytime is
mostly less than 0.I (Elshout'and Steenkist, 1974; Varey et al.,
I978 )



No oxidation with ozone is determined by the mixing velocity of
the plume with antrient air, as was proved by Hegg et al. (L977). tt
was also confirmed experimentally that reaction l7) is diffusion
controlled and that the No.,/No ratio is highest. on the edges of the
plume

Varey et al. (1978) developed a numerical model for the calcu-
latj-on of No oxidation in power station prumes. This model, based on
reactions (6), (7) , (9) and (I0), also proved that the oxidation rate
integrated over the prume cross-section is determined by the degree
of mixing of the plume with ambient air, expressed 1n the eddy
diffusivity D (fi9. l.). Under stabl-e atmospheric conditions (Pasquill
stability class F, with D = 0.1 ,2.=-1 the oxidation of NO is maj.rly
determined by the reaction with oxygen. Under good rnixing conditjons
with D values of > 1O *2.r-1, the reaction with ozone prevails. The:
model results of Varey et a}. (1978) have been confirmed by neasure-
ments in plumes of the Maasvlakte power station (NO/NO.. emission
ratio:0.98)(Elshout eL al., 1978). In the period 197t-1980 measure-
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Percenta.ge oxidation, integrated over. the phune "ro""-=""-tion as a function of. D for various times. [*O,l . = 450 ppm;
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ments were carried out on 27 days at distances between 0.2 anil 9 km
from this power station (two 540 MW units). During these measurements
with background concentrations of O, from 20 to 55 ppb, oxj-dation was
found to be 50-60c (averaged over tfre plume cross-section). Fiq. 2.
shows the NO oxidation at the Maasvlakte power station as a function
of the O, concentration. For Pasquill classes B and. C (-CC)'dj-ffusi-
vity D >'5 ,2..-r) oxidation increases with increasing O. concentra-
tion. However, under neutral conditions (eddy diffusivitf o: I m2.s-r)
oxi-dation is independent of the O, concentration. tn this case mixj-ng
of ozone into the plume is limited, so for the transport time of
interest the oxidaLion rate is mainly controlled by the reaction with
oxygen (rig. 1.).
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Fig 2. Oxidation of nitric oxide in power station plumes. Percen-
tage o4idationr.integrated over the plume cross-section, as
a functi-on of the ambient ozone concentration for various
PasquilI stabifity classes. Travelling time 500 s
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Measurements by Melo et al. (1978), carried out under more
stable conditions than those in Fig. 1., show that even at high o,
concentrations up to 110 ppb the oxidation is independent of th" d.
concentration (approximately 0.1 for a traverl-i-ng time of 500 s). J

This implies that under these conditions the reaction with oxygen is
the rain contribution to the formation of NOr.

cocks and Pletcher (1979) developed a reactive plume lr:odel to
study Lhe gas phase reactions in power station plumes. This model
enables the oxidation of No to be carcutated. The moder has been
applied for five well-defined measurements of those carried out at the
Maasvlakte power station: distance 2-9 km, travelling time 150-900 s,
oa ccncentration 20-55 ppb, unstable to neutral atmosphere. llhe re-
s[lts of the calculated values of the NO,/NO-- ratio (average va],ue for
the plume cross-section) agree with the vatiles found. The calculated
values vary between 0-41 and 0.86 and those measured between 0-60
and 0.81. The mean value of the difference between measured and cal*
culated ratj-o was found to be 0.09; the largest difference anrounts
to 0.20 (absolute value).

NO RiMOVAL RATE TN A POLLUTED ATMOSPHEREx-
The concentration of a reactive pollutant in an urban atmosphere

chan-oes with time as a result of chemical conversion reactions,
changes in emissions, and by dispersion and/or di-lution. on the olher
hand the concentration of an "inert" pollutant in an urban atmosphere
will only change with tirne as a resurt of changes in emissions, and
by dispersion and/or dj-lution. rf a reactive species and an "inert"
species have a cornmon source it can be shown (chang et a1. , rg7g) that

(14)

k- is the lower bound of the pseudo first-order reaction rate coeffi-r cient for the reactive species
R and r are the concentrations of the reactive and "inert" species

respectively.

Frou equation (I4) it follows that from the daily trend of the
NOX/CO ratio (CO is treated here as an inert species), obtained by
Iong-term average aerometric data measured at a fixed ground station,
the removal rate of No-- can be estimated; on condition, however, that
NO-- and CO have . "orr5r, sourcex

The main source of CO in The Netherlands is.automobile exhaust
gas. Automobile exhaust gas is also a uajor NO-_ source. Guicherit and

. Hoogeveen (1978) have shown that the amount ofxNO- in air'parcels,
reaching a sampli-ng site, which is attributable t'<i mobile (automotive)
sources can be estimated by comparing the.NO* to acetylene ratio
typical of mobile source emissions for varioijs driving conditions.
Acetylene is regarded as a traffic tracer. The ratio of NOX,/C2H2.

A (In n.r-1)
At



Table 1. NO rer.cval rate, k, (h-1 ) ,
frdm sunrise to sunset
(1ower bound)

winter (f975) 0-0,

sunmer (I975) 0. 05

photochemical
episodes (I975)
O: (max.) > 200

0.14

ug.tr 3

September (1973)
average maximum
O^ concentration

J
150 pg.m-3

Summary of the most inportant removal
ambient air

reactions of NO, in
a-

o.L2

Tab1e 2 -

"o2

"oz
*o:

+ OH -+ HNO3

intermediate
o3 steps

k, = 1.1 x
Hamson

k- net.
b

k, net

1o-11 cm3.rnol-1s*r
and Garvi-n (1978)

intermediateNO^ + RCO^ ____+ PANZ 3 steps

depending on driving conditions varied from 3 to 8 in 1975. For
higher ratios it is concluded tl:at other major emission sources are
j-nvolved. In the analysis of the daily trend of the NO*,/CO ratio,
only those wind directions were considered for which tfie najor
emission source was established to be automobile traffic

' The daily trend of the NO_,,/CO
near Delft (1973 and 1975 datal is
graphs the removal rate of NO-- has
sho'*n in Tab1e 1. x

The most important reactions of
Table 2.

ratio measured at a ground station
given in Figs. 3. and 4. From the
been calculated. The results are

NO, in dmbient air are given in

From the September.removal rate of NO- based on reaction with
OH radicals only, an OH radical concentratton of 3 x 106 molec.cni-3
can be deduced. From measurerDents in this part of The Netherlands
it folIows, however, that the PAN/HNO2'ratio is about 1. Further, it
is assumed that 75t of the HNO, formation is due to reaction of NO^
with OH and 258 by reaction ofrNO, via Or. So a rDore realistic OH 

z
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o
24.OO h

Fig. 3. Oaily trend of pollutant ratios (September 1973 data)
A: i-pentane/acetylene ratio
B: propylene/acetylene ratio
C: NOx/co ratio

ratio

o.o6

o.o3

o
o.oo h 24.O0 h12.OO h

Fig. 4. Daily trend of the No-,/co ratio (1975 data)
A: winter data ,lanuarf , February, March, Octoberr November,

' December
: !: summer data April through September

C: days with photochemical smog formition (O. concentrations

o



Table 3. Calcu1ated average oH radical concentration (from sunrise
to sunset)

period NO removal OH concentra- literature
rate from tion quotations
Table l.
(h-r) (molec.cm 3)

winter average 0.01
(197s)

< 2.5 x 10s : l- x 10s rishman and
Crutzen (1978)

sunmer average 0.05
(r97s)
O^ (max. ) =
9d ug.m '

5xrOs 5lx106Ehhalter
a1. (1980)
(3.5-5) x 105 Fi-shman
and Crut_zen (1978)

September (1973) O.l2
o^ (max. ) =
I50 us.m '

(5-IO) x 10s 5 x IOs Fishman and
CruLzen (f978)

smog formati-on 0.14 1.5 x 106 2 x LO6 Derwent and
(1975) Hov (L979)
o: , zoo ug.B 3 L-.2 x 105 cuicherit et

r1. (1978)

radical concentration of about 106 molec."r-3 .is obtained. Table 3.
summarizes the OH radical concentrations following this procedure.
These OH radical concentrations are in accordance with those deter-
mined from the removal rate of i-pentane (O.Ol h-l) and propylene
(0.07 h-1). This removal rate is derived from the daily rate of the
i-pentane/acetylene and propylene/acetylene ratio for September
L973 (rig. 3.). Erom the equations

(rs)

(16)

k -k.[o"]ticutt, I

and
kt"r'u

the OH radical concentrations of 9 x los molec.cm-3 and 5 x IOs
molec.cm-13 can.be calculated for September using k, values from
Greiner (1970), Atlinson and Pitts (1975) ana HJmsJf,'3,t8)Garvin (1975i.

= kb. [on] * x".[orJ
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THE NO REMOVAL RATE IN PLUI"IESx

The removar of No-- from the atmosphere is to a considerable
ext.ent effected by thexoxidation of No, to secundary products such
as nitric acid (nitrates) and pAN. Hydiocarbons as a source of reac-
tive radicals and ozone bot} natural and as a prodr:.-t if photochemical
air pollution play a role in this oxidation process.

As to the NO, conversion in power station plumes, it was ex-
plained before thet the oxidation process in plumes highry depends
on mixing with ambient air. Because of the relatlvely low ozone and
hydrocarbon concentrations compared with those of No.. in the plume,
no oxidation products will be formed. lf, however, ,ffdu. suitabl-e
meteorological conditions such a plume mixes with an urban-iindustrial
p1ume, this will be possiJrle. According to Cocks and Fletcher (Lg7g)
very little nitric acid was produced from No-- in the plume after a
I00 min travelling time. High concentrationsxof hydrocarbons, however,
attribute considerabry to the formation of N-containi-ng acids (cocks
and Fletcher, L979).

According to (provisional) measuring results by uegg and Hobbs
(1979) No-_ conversion to nitrate in the plumes of three coar-fired
Power stations is limited. The conversion of NO. to nitrat.e was cal-
culated and for one of the measurements values 6etween 0.003 h-l and
o.oo5 h-1 were found for distances of 5 and 27 to 43 km respectively.
Forrest et al. (L979) carri.ed out measurements in the plume of an
oil-fired power station jl which they also found low values whj.ch
hardly differed from the background values. During two measurements
some formati-on of nitrate from NO was detected at distances of 5 and
15 km. As was the case for the ,.Xrr..ro"nts by Hegg and Hobbs (Lg7g),
nitric acid was not determined so that for this reason the calculated
conversion rate may have been too low. rn refinery plumes at Los Ange-
res Parungo et al. (1980) measured reratively rarge nitrate particu-
Lates that had not been emitted as primary components. It was assuoed
that heterogeneously produced nitric acid (3llO, + H?O -) 2HNO? *. NO)
reacted with NaCl to.form nitrate particulatesl fneSe nitratd parti-
cul-ates melt at a relative humidity as low as 50t and can grow to
Iarge particulates (1-10 pm) before eguili-J:rium is reached. According
to the authors inorganic nitrate can be produced on cloudy days and
at night. One of their conclusions is that under these conditions the
reaction M + OH + NO, + Hl{O? + M is not the most important one for
the formation of nitiate, f6r. on sunny days with expected hiqh OH
radical concentrations no increase in the amount of inorganic nitrate
is found.

For the de'termination of the NO removal rate ii: urban areas
Spicer (1980) has carried our ,".rrrEr.nts in isolated plumes of
Phoenix (Arizona) and B.oston (Massachusetts) . The flights wepe
arranged in such a way that the measuring data refer to the same air
parcel; During these measurements, besides NO_, oxidation products, tra-
tracer .concentrations, and also various other^paratreters were deter-
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mined. The Eeasurements at phoenix showed a No removal rate of
< 0.05 h-I. This result has to be considered asxprovisionar. From
the experiments at Boston the expected NO- concentration was calcu-
lated from the initial urban tracer,/NO_ r6tio and the downwind tracer
concentration. Based on these experimeffts, tlre rate of the ttO removal
from the Boston air varied froe, 0.14 to 0.24 h-I t ,-,).tL 

"r "r"Iugurate and life time of 0.18 h-l and 5.8 h respectively. The reported
values are appricable only to daylight hours under photochemical
conditions (r:aximum o, concentrations in the plume 90 to 140 ppb).

The NO conversion rate with regard to that of SO. was calculated
from the mefsurins results of the prume of the nij;r;;e ini"rirl"r
area (Van Duuren et al., L979). The measurements were carried out by
day and focussed on that part of the industrial area occupied with
the major oil refineries and chemical industries (rig. 5.). Each
flight consisted of three tracks flown at four different altitudes
(150, 300, 450 and 600 m). Track I was located aL 2-L4 km upwind the
industrial area. Track 2 was located immediately behind the area,
and track 3 was at 15-20 km dor":rwind. Track lengths were 12-18 km.
The ftight scheme was: measurements at 150 m on tracks 1, 2 and 3
respectively, then at. 300 m in the same sequence and so on for the
other altitudes. This impries that the measurements were done j.n
three different air parcels. rt is assumed, however, that the air
poJ-lution pattern is uniform within the approximate 2 h duration of
the measurements

The flights were carried out on days when the area between tracks
2 and 3 was a rurar area. rt was assumed that no maior No and so^
was emitted anymore in this area. As to so., the roealuringxresultsz
confirmed tttis assumption. Because the SOr'removal rate is relatively
low with regard to that of NO-- this compofient can be used as a tracer
for the determination of tUe fiO-- reboval rate. From differences in
average No- ald so? concentratiSns between tracks 2 and 3 (averaged
for the altitude of 150-500 m) for three measuring days 1B-23t of NO_-
available on track 2 was calculated to have disappeared between the x
two tracks.

The transport times were calculated from wind velocity averaged
for the altitude interval, and wind velocity was estimated fron the
surface wind velocity. The_No_ conversion rate calculated in that
way amounts to 0.25-0.40 h r.^considering any errors in wind velocity
estimated and irl relativery row No-- and so. concentrations, the No--
conversion rate wilr have been at feast o.fs rr-1. The o. concentraf
tion at the tine of measurements was 25-30 ppb. under pfrotochemical
conditions (tenperature 24oC, O. concentration 80-100 ppb), a convbr-
sion ra.te of 0.19 h-I was measuied. puring that flight, tra'cks 2 and
3 were located at distances of 10 and 40 km from the industrial area.
The altitude was between 250 and 900 m. The averqge wind velocity
in the mixingr layer, mixing height 1000 m, was determined with a
weather ballocn



t2

A Power stalions ot lhe
Rolterdam Electricity Company

The Rijnmond measuring
patterns'at. winds from

north - east

east
,+

area; locations of flight track
east and north-east.

,
1

2.

lkm
H

3

Fig. 5.



13

NO OXIDATION IN A POLLUIED ATMOSPHERE

Fig. 6. shows the daylight hourly curves for the NO2/(NO+NO2)
ratio for an urban area for the winter months (January, February,
November and December 1975) and for the sumrner mcnths (May through
August 1975). In winter, the NO, concentration proves to be approxi-
mately 50t of the NO concentraEion with only sJ-ight variations
during the day. In silmmer, on the other hand, the No, concentration
early in the morning at the beginning of the rush-hotr makes up 301
of the N0 concentration, increasing up to nearly B0B within a few
hours. thEn there is a gradual j-ncrease up to 85t till t5.00h, de-
creasing to approximately 508 after sunset.

According to Chang et a1. (1979), the conversion rate is:

This is based on the assumption that NO, is converted so
sIowIy, that the No"/No- rat.io is hardli affected by it.
k . is largei. r?om fig. 6. conversion rates of )
r (NO>NO, )

calcutatEd.

AlJo2/ (t'to +

May through Augusl

January, February and

November, Deceniber

o'
o.oo h 12.bo h

,.-1["r(NrNOr) I - NO2/ (NO + NO2) 
L

o + No2)l

6t---] (L7)

much more
So in fact,
O-35 h-l are

24.OO h

ralio
1r

o.5

Fig. 5. Daily trend of tfre No2/ (No+No2) ratio at DeIf t in 1975.
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DI SCUSSION

The oxidation of the primary emittent No into No, is the essen-
tiar first step in the removal of No from the atmospfiere. rt has
been proved that the atmospheric 

"onditions 
(time of the day, season,

turbulence) strongly determine the oxidation rate ef No both in indi-
vidual plumes and at ground level. The measured data are summarized
in Table 4.

Though NO* removal is mainly governed by chemistry, 1t is for
reasons of not"fully understood measuring techniques that we are
faced with difficulties and sometimes the impossibility to determine
the No removar rate from the measured data of secondary products_xas weII as gaseous components. For instance, when stuCying the re-
sults of chemiluminescent measuremenLs of No^, concentrations too
high a value (and consequently too low a rem6val rate) shall have to
be reckoned with, depending on the converter type used.

An accurate determination of the travelli-ng tine of air parcels
in plume measurements is essential for the calculation of the removal
rate and the residence time. Besides, in case of k determination in
plumes, corrections have to be made for SO. lossertdr. to dry depo-
sition

Table 4. Conversion of NO j-nto NO, under different atmospheric
conditions

measurement degree of conditions
oxidation (+)
(No^/No )zx

povrer plant 5 stability class B, Ci travelling
plune* time 500 s; O. concentration

2O ppb; 7 flidhts
50 idem; O. concentration 60 ppb
30 stabilidy class D; travelling

time 500 s; Oa concentration

urban atmos- 4s-ss 3i;i3,in3:.?,*'?::;..=" berweenphere** 
30-80 :"#i;l i:ltffi increase between

6.30h-10.30h MET

* - averaged over the plume cross-section
- initial NO^/NO ratio about 28

' ** 'maximum aiff6renEes for averaged values
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Because of Iimitations in the measuring equipment, the results
have to be regarded as not concLusive. Nevertheless, the results
generally agree_{air1y weIl with values mentioned in the literature
for k-_ < 0.15 h ^ on ground leve1 (polIuted atmosphere) and
k- > 6.15 h-r in plumes. The results have been Ilsted in Table 5.r
TabLe 5. Survey of data for the NO removal rate i.. --Lan

atmospheres and urban ptu#es

method removal
rate (h-1)

remarks reference

NO ,/COx

PAN+HNO3

NOx+PAN+HNO3

0.01

o. 05

o. 14

0-04

0-1r

o. 05

o. 04

0.09

0. 18

:0. 15

urhan atmosphere

DeIf t )-9-75, lowest
value, winter daytime
Delft L915, summer
average
Delft I975, highest
value, photochemical
episodes , Oa>2OO Ug.m 3

Los Angeles'I970-1975,
lower bound, all sea-
sons 8.00h-16.00h
value
Los Angeles 1970-1975,
average 9.00h-f3.00h
value for May-October

Los Angeles basin 1973,
5 weeks summer period,
10.00h-14 .00h
St. Louis L973, 5
weeks sunmer period
8.00h-13.00h

urban plume

LARPP study 5 November
I973, 8.00h-13.00h,
O, 100 ppb
B5ston L978, 4 bxperi-
ments (0.f4-0.24 t-'t) ,
photochemical condi-
tions, O? 90-140 ppb
(tracers-CO, F-II, C,iH.)
Rijnmond (Rotterdam)''
April 1977-August 1978,
2 experiments, 03 25*
30 ppb
idem, August .1979, I
experiment, 03 80-100 ppb

this article

this arti,cle

this article

Chang et al . (1979)

Chang et al . (1979')

Spicer in: Chang
et aI. (1979)

Spicer in: Chang
et al. (1979)

Calvert in: Chang
et al. trgZSl

Spicer (1980)

this article

this article

NOx/C2H5
& NOX/CH4

trac.er,/NO,

so2lNox

0. 19
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An important assunrption adapted in this study, is the neglect.
of tire mixing of relatively old pollut.ants inLo the air considered
in equation (14). More specifically, for the aeroplane measuremenLs
the air outside incividual stack plumes as well as urban-industrial
plumesr coDtaining pollutants of a generally different composition,
is gradually mixed into the plume. In the case of fhe qround monito-
ring measurements, the aged smog 1ayer, transported at night above
f.he nocturnar j-nversion layer and mixed downward in the morning, y-ay
be of importance. h'hen this air mass contains relatively clean alr,
or air with a concentration ratio of'reactive and inert pollutants
comparable with that of the air considered in equation (14), the
influence on the results j-s rather smal1. At present, however, this
effect has not yet been fuIly evaluated. One of the difflculties is
that the nocturnar chemist.ry of aged smog is not werr established,
and consequentry the early morning concentrations of No - al,oft are
unknown. Insight into this might probably be gained froil aeroplane
measurements performed in the early morning.

Another point that requires further evaluation, is the assump*
tion, used in the derivation of equation (14), that the sources are
horizontally homogeneously distributed. Although this is clearly not
the case, it is not evident how strictly this condition should be
met. The averaging over many days, that has been performed, implies
averagi-ng over many wind directions and wind speeds. This tends to
smooth the distrilcution of times of travel, which determines the
time available for reaction. To clarify this it might be int.eresting
to use results obtained from monitoring stations at various distances
from important source areas.

SU},:.I.4ARY

The removal of NO-,'from the atmosphere is to a great extent
determined by chemistr$. Asr in genera-I , these chemical pathways
proceed through NOr, also a description and determination of the
oxidation of NO ilto NO, in plumes and urban (polluted) atmospheres
is given

For power station plumes the degree of oxidation (NO?/NO-)
strongly depends on the stability of the atmosphere. Model calcu-
lations for a travelling time of 500 s are qualitatively in accor-
dance with'measured values. These are 30t for stability class D and
O, concbntrations of 25-50 ppb and between 5 and 608 for classes B
afra C and O, concentrations between 20 and 60 ppb respectively. For

:T ; ;:i'"::T.'l:gr::a]l 
in an urban atmosphere a varue or

For the determiration of the NO removal rate in an urban at-
mosphere the procedure followed by Ctang et al. was used. Thus for
the daity trend of the NOX/CO ratio lower bounds for k-- of O.0I .h-1
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during the winter daytime and of O.14 h-l duri-ng photochemical
episodes (maximum Oa concentration > 200 Ug.u, 3) ,.t" found. From
k_ derlved OH radicSl concentrations are in agreement with concen-rtrations derived from the removal rate of i-pentane and propylene
in the same air parcels.

The NO-- removal rate has also been deter:ined in an industrialxplume (Rotterdam area). fhe calculations are based on the assumption
that SO, is far more slowly removed than NO . The removal rate amoultts
to at l5ast O.15 h-r taking into account tht ieviation in the esti-
maLed wind speed.

Under photochemical conditions (Oa concentrations 80-100 ppb)
for longer dista.nces and a well-known fransport time, a removal rate
of O.I9 h I w.s determined.

In a survey of the measured results and values from literature
for k, the comparability of the two dj-fferent cases appeared to be
satisfactory. Nevertheless the data must be interpreted wit-h care,
because several assumpt.ions had to be made.
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