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Patterns of Atmospheric Nitrogen Dioxide in Kelowna, Brit ish Columbia

Abstract
Prior to 199-1. trurosphcic monitoring ilr thc ccnrral 0lanaga. lallcy rcgion ol Brili\h Columbia (BCl) was rc\t crcd ro ozone
anal!sis .rnd spo dic dclcrninir(iurs of lolll suspcrdcd particulalc\. and dusr. ln IUay 199,+. a BC Go!cmmcnl air moniloing
srxri.)ll nersuring PN{ .. CO. N0,. O. rnd SO- $,ls inshlled in lhc cit} oI Kclowna. To complcmcnr lhc dau oblaincd r| fiis iired
loc tion thi\ srud] lneasufed the spatial dirtribution ol nitrogen dioxide gas al vaious loc.rriLrb rhroughLrut Kelo$na. T$el\e
sites $efe cho\en ibr .r t$el\'e nn)nth nn)niroring prcgram (June 199.1to NIa) 1995). Sanpling, oler 7 to l0 dal pefiods. was
caffied oui rsing Palmes p.rssi\e dilTusion tubes; rinrl)sis ofthe trapped NO- $.r\ determined spectrophoft)nreirically. Estimates
ofmeanaccurac\(- .1t1) . rndtreci \ ion(standafdde\ i r t ionl8tZ) refe derefmined by compar ing di f fu\ ion tube dalaxi th that
obiained b! rhe m()nircring ,itation. Alefage dailr' NO. concenlfation\ \'.rfied fiom 8 to 79 gg/rnr. High concentfation\ ol \.-O.
$efe me.rsured in late Ju\' l99.l coincident lvith r ne.rby large lirest fire. The highest overall values were obtained adjacent to
High*a) 91. the mrin trftic route. during .r period of stagnanl air conditions in larc No\embef rnd earl) December 199,1.
A!el.lge rnnu.rlIne n \,.rlue\ mnged tiom ]1 [ghn'to 50 Bg/m', $e]l withir lhe Crnadian and US (NAAQS) irir quality obredne\.
The dr l . r  obt . r ined in th is \ tud\  pfo!  ides a sui t . rb le base t rom $hich iuture comp isons of \O. le\e ls.  and r i rqual i t )  t fends,  mr]

Introduction

The large\t re-gional population in the intcrior of
Brit ish Columbia (BC1 is fbund in the Okrnagan
Valley of south certral BC. The main city of the
region, Kclowna (Figure 1), has experienced a
particularly rapid population gr-owth over the past
20'30 years, increasing from about 20.000 in 1970
to in excess of95.(X)0 tr ay (de Scally and Turchal
1996). Therc is concern that the air qLrality in the
region is deteriorating due to this population in-
crease. Fol this leason. the BC Provincial Min-
istr) of Environnrcnt, Lands and Parks in 1994
ilstalled a comprehensive atnrospheric monitor-
ing stalion at the KLO Road canpus ofOkanagan
Universit) College (OUC) in Kelowna. This sta-
tion continuously monitors atmospherc concen-
trations of inhalable particulate matter (PM,,,),
ozone (O.). nitrogen oxides (NO.). carbon mon
oxide 1CO) and sulfur dioxidc (SO.1, producing
hoully- average corcentrations ofthese target pol-
lutants (Josclbrvich and Rcid 1995). Prior 1() the
opening of this station. air quality rnonitor-ing tbr
O. and total suspended particulates had heen car
ricd out on l less rcgular basis (Richardson and
Jcnscn 1991) .

T\\"o aspects of air quality of imrnediate con-
ccrn in Kclorvna and thc Okanagtrn Valley are:
(i) high concentrations of PM,,,, which may lead
to respiratory impairnrenl (Vedal 1993; Vedal
l v . r J  r .  r n d  r  i i '  I h e  l , ' t e n l i u l  i , ' r  . u r n r r r c r l i r r r c
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production of highconcentrations olground level
O. (Reid 1995).

As well as being a strong oxidant. ground level
O., combined with NO,, atmosphedc hydrocar-
bons (fiom rutomobiles or trees/plants), intense
sunlight, high temperatures arrd static air can lead
to the formation of photochemical smog. This
smog may be deleterious to health (particularly
of the young and elderly). can adversel)' at'fcct
crop production, can attack materials (plastic and
rubber) and is unsightly (a yellow/brown haze).
Thus the onset of photochemical smog episodes
could have scrious rcpcrcussions to the public
health and economy of the Kelowna area. Tour-
ism and agriculture are major indushies of this
reglon.

Tropospheric O, is produced by a series ofre-
actions which staft rvith nitric oxide. NO (Jefl i ies
1995; Finlayson Pius and Pius 1997). Natural
sources of NO include microbial activity in soils
and the interaction ofl ightning \ '" ' i th atmospheric
nitrogen and oxygen. However, the major source
ofNO is high temperature lbssil luel combustion
as generated by the transpoflatiol sector. Equa-
tion (1). NO, in the presence of O., is readily
oxidized to NO., Equation (2). NO, is decom-
posed by UV-A sunlight, Equation (3.). releasing
an oxygen atom capable ofcombining with O. to
produce O., Equation (,1). As indicated by
Finlayson-Pitts and Pitts (1997), these lafter two



Figurc L Localion oI lhc ci!y of Kelorvna. Okanagan Valley. Bfitish Columbia. Canad.r.

N. + O, lri 2NO ( 1 )

NO + O. ) NO, + O. (.2)

NO.-lltj!!1?! + NO + O (3)
O  +  O = _ O (,r)
From these equations, it appears that there is

no net gain of O. ; one molecule of O. is used up
and one is produced. rcsulting in a null cycle.
However. O. can react photochemically and, in
the prcsence of water, produces the hydroxyl radi-
c a l . ' O H .

o '  '  o . - o : o + H o - 2 ' o H

reactions are the only known methods of tlopo-
spheric O. production.

In an atmosphere containing volatile orgalic
compounds (VOC), such as hydrocarbons (RH)
the very reactive 'OH species can absffact a pro-
ton. Further reaction with O, gives a peroxy radical,
ROO'(Bunce 1994).

R H  + ' O H )  R '  +  H , O  :  R ' +  O ,  + R O O '

These peroxy radicals arc also capable ofoxidiz-
ing NO to NO. , Equation (5).

NO + ROO'------) NO. + RO' (5)

As a single hydrocarbon molecule is capable
ofproducing several peroxy radicals (Baird 1995),
enhrnced p toduc t iono l  \O,b1  re r rc l i ' !n \equ i \ r -
lent to Equation (5) can occur This NO, can tur-
ther react to produce more O,, via Equations (3)
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ald (,1). So. under appropriate climatic condi-
tions, rather than having a null cycle, a build up
of O. is obtained in aD atmosphcrc polluted $ ith
NO, and VOC. For example. the cornplete atno-
spheric oxidation of methanc is represented by:

cHr + l l o. ]4!!r5 co. + 2 H.o + 60r

This is al oversimplification becausc there ma),
also be othcr products.

Pcror , l  r l J ic l l .  J rc  no t  Ihe  , 'n l r  ' fec ie '  p ro
duccd by the photochenrical oxidation ol hldro-
carbons. In an atmosphcrc containing high con-
cantrations ofNO and RH. iradiation with sunlight
may. through a series of conplex photocherrical
reactiol 'rs, produce photochemical smog, as indi
cated by the general equation:

RH + O. ar(!+ aerosol particles. O,. NO,.
olganic nitri l tcs. aldehydes. etc.

To estimate a regioD's potential for smog gen-
cration, data are required or spatial and temporal
distributions of NO,. 0. rnd RH. as well as me
teu-ological palameters such as sunlight inten-
sily, tcmperature and wind motion. Obtaining
intbrmatio11 on spatial and ten]poral dish ibutions
u i  NO .  ( )  rn , l  RH requ i re ' .e re la j  mon i to r .  tu
be placed at locations within thc sanrpling region.
The high cost of monitoring instmments gener-
all l '  prohibits this approlch.

As well as being a fundarnental chemical in-
voJved in O. ald photochemical smo-q produc-
tion. NO. is also recognized as a toxic pollutant,
acting as ii respirator'.v irritant and plant gro\\,th
suppressanl (Hilborn and Stil l  1990). The spatial
distribution of NO. can rcadil l be mersured us-
ing inexpensive passive diffusion tubes (Palmes
1976. Campbcll 191J8. Shooter 1993. Campbell
et al. 199.1), consequently f i is grs has been se-
lcctcd as the target aral)te for this study. NO.
u  r \  r  FJ \u red  3 l  \  l r ioUs locJ l i , , | l \  ! \  i r l r in  rhe  .  i r j
of Kelowna throu-ehout a twelve ntonth sanpling
penod.

Methods

Passive ditlirsion tubes. as describcd by Shouer
(1993), are 7 cnr x I cm acnlic cyli lders rvith
one end open to the atrnosphere. The closcd end
houses a stainless stcel mesh irnpregnated with
an aqueous solution of hiethanolaminc. The tubes
arc mounted on poles, rvalls. trees etc. using a
specially designcd brucket. Atmospheric NO.
enter .  rhe  d i f l i r . inn  lube:  b )  n ro lc iu l . r rJ i l lu . i , ' n
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and reacLs with the triethanolamine. The tDlount
i ' l  re i l c l ion  i .  p |opor t ionr l  ro  Ih (  f , ,n ie l t r i l t j on
ofNO. in the air Atier rn appropriate sampling
pcriod (7 to l0 days). the tubes arc rcturned to
the laboratory whcre the triethanolamine in thc
tubes is treated with solutions of sultanilamide
and N- I - n aphth)' lethylenediam in c dihydro-
chloridc. producing a purple solution of an uo
dye. The iltensity of the purple color. as deter
nined spcctrophotr)metrically ()" = 5.10 nm). is
directly proportional to the amount of NO, that
hr. inlerJ.rcJ u irh Ih( I f ielhluolamine. lhi cr-
pedrnental results are convcncd to a daily mean
concentratiol in units of ppbv, parrs per billion
( I part in 10'q) NO, by volume. The units arc ti-
nallv converted to 1-tg/mr. i.e. trrg of NO. per mr
rir.

Method clevelopnrcnt and testing, and sample
site selection took place ir May 199:1. Diffusion
tubes wcrc initially placed at 26locations through-
out Kelowna. Sites werc chosen that were repre-
sentrtive of various areas of thc city (e.g. l ight
industrirl. commercial. residcntial. senri-rural) rvith
a greater emphasis placed on major tratlic areas.
Sampling rnd ualyses were caricd out during
June. July and August, 199.1 as part ol 'a Deep
Rivcr Science Acadeny Research Projcct (a \um-
mer camp tbr gilted high schooJ students). On
the  hr . i .  o l  Lhedat rco l l cc r r : ,1 .  |2  u i  thc  ' i r c '  u  c re
lurther molitored fron Scptember 199:l to June
1995. These sites includcd those fbund in the pre
liminary measurements to ha\e the highest NO.
concentrations. The lesidential and senri-rural sites.
r r l l  , ' i  uh i ,h  i r rd ic r ted  Io \  NO.  ron \ r 'n l r . r t iun . .
were excluded because the sitc at the KLO Road
monitoring station. which was retained. appeared
to be representativc of these locations.

A map of Kelowna (Figure 2) indicates the
location of the l2 sampling sitcs. Mrin feiitures
included are Okanagan Lakc and the maior traf
fic routes. Highways 97 and 33. Kelorvna, al an
elevation of 350 m is situated near the middle of
a 100 kn long narrow nonh-south yalley havin-e
nlountains of approximately l.-500 m immediately
to the east and west.

To cstimate the accuracy ofthe techniquc. dif-
fusion tubes were mounted at the KLO Road Pro-
r.incial monitorirg site (Site- I ) and the analyses
compared to the tsC Provincial monitor data. To
improve the precision of the method sanrpling tubes
were alu'ays nounted as pairs. Tests wele nade
o l  lab , - r r r t , ' 11  h l r r rk .  rnL l  l ie ld  bhnkr .



f igurc 2.  l -ocar ion of  \O. salnpl ing s i tes $ i th in the c i t l  of  Kel(nrnrL.

Data Evaluation

As parL ofa qualit.v assurance and quality contr-ol
program. the BC Provincial NO. monitor at l{LO
Road is calibrated and checked on a daily basis
(Josetbwich and Reid 1995). Differences between
the Sitc-1 dil ' fusion tube values ard those gelet
ated bl the monitor rvere interpreted as being solely
due to the inherent inrccuracv of thc dil ' fusion

tube method. Comparative data are presented in
Figure 3 fbr.l8 sampling periods betu'een June
9. 199.1 to June 8. 1995.

For the,18 samples, the mean value obtained
by the BC Provincial monitor was 12.0 gg/m' (SD
3.8 pghr) and the diffusion tubes value rvas
1 1.6 ptg/mr (SD ,1.0 pg/mr). On average the dif-
lusion tube vrlues u'ere 4% lo*er. The 90

Nitrogen Dioxide in Kelowna, BC 333



45

40

; 3 5
l-

o
8 2 5

5 2 0

5 r s
o

z

0 '  i + 1  .
o ) r f F - N
; - ; N -

' l - F

{ \ t r i f

: :  E  i  e ! ,
+ , 1  8 . = g

O O F <

S e d : . { - E( o A o Z

Sampling starting date

Figur.' -1. A conparison of the daily avcragc r-O. conceDtratidrs measursd al thc KLO Rd. sampling silc b,"- lhe BC Pfolincial
Monitor and b,"" the diftusion tube merhod (!his stud]).

interyercentile rangc of differences between indi-
vidual diffusion tube mcasurements andthose gen-
eratedby the monitorwas 257c to + 26%. On com-
paring the values obtrined tiom 46 duplicate pairs
of tubcs the relative standald deviation was 8.lclr.
These values compare lavorably with passive dif-
fusioD tubc measurements obtained by Shooter
(1993) who quotcs an agreement of 15% with other
measurement techniques and a precision of l0%.
which are of sirnilar magnitudc to those repofied
in other studics (Campbell 1988:Gairetal. 1991:
Shooter et al. 1993;Ashenden 1994).

Iffield blank conections are includcd the mean
difference decreases from -47r to -157o. Because
ofthis large negative bias, presumably due to leak
rge rnd./or eontrrninution. l leld blln[. c, 'rre. t iun.
were neglected in subscqugnt c! culahons.

Results and Discussion

Table 1 lists the NO. concenffations for the 12
sites mcuitored from J-une 199;l to June 1995. Gaps
in the clata are through loss of diftusion tubes.
due to their being insecurcly attached. or through
vandalisrn (only a minor problen).
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From this data set, interpretations are made us-
ing (i) the annual arithmetic mean values (AAM),
and (ii) the highest sample periodralues. The AAM
values are listed at the lbot of Table 1; the high
lighted lboxed) ralues in Thble 1 indicate the 3 highest
sample period values detemined at each site.

The highestAAM values obtained in this study
werc 49 and 50 gg/mr measured at Sites 7 and 6,
respectively. Both of these sites are on Highway
97. at two ofthe city's busiest intersections. These
values are lower than the AAM listed as the "Maxi-

rnum Desirable" Canadian Air Quality Objective
tbr NO. of 30 ppbv (about 60 pg/mr) (Hilborn
and Still 1990). They are also substantially lower
than the US National Ambient Air Quality Stan-
dard (NAAQS) for an AAM listed as 100 pg/mr
(Nadakavukaren 1995). For comparison. t)'pical
AAM NO. values are 9 to l5 prg/mr for rural ar-
eas, 28 pg/mr for urban areas (Hewitt 199l) and
85 to 95 pg/mr for metropolitan regions. London
(Duncan et al. 1987). New York (Goldstein er al.
1988) and Seoul (Nuki 1996).

Relatively high AAM values. l iom 38 to
4b ! r ! /m.  uere  l l . , '  ( ' b lu ined a l  o thcr  s i te .  on
Highway 97 (Sites 2 and 3) as well as sites situated
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close to the main connrercial and indust al areas
( S i t e s  8 ,  9 .  l 0 a n d  l l ) . A r S i t e - 1 2 . a t s o o n H i g h -
way 97. but in a selni rural area outside of tl.rc traf'
tic congestion conickrr a lowcr vi:Llue, 3 i gg/nr,
u'as obtained. The lowest AAM value. 2l trg/
mr, was nreasured at Site- 1. adiacent to the KLO
Road monitoring station. This is about 40% of
thc maximum AAM as recordcd at Site-6.

At some distance front Highway 97, a decrerse
in NO, concentration is expeclcd. due to lcss traffic
ald bulk air notion. This rvas suppofted experi-
mentally. Site-3. on Highway 97. had an AAM
value of'16 pg/rnr: Site-:|. iue block norh of High
way 97. I v;Llue of,12 gg/mr: and Sitc-5. two blocks
north of Highway 97, a valuc of 27 prg/mr.

Ma-rimunr samplc period values (Tablc 1) were
in the range of42 to 79 prg/mr,fall in,q rvell within
the guidelines of rhe BC Air Quality 

"Maximun

Desirable" cliterion of 200 pg/mr lbr I 2:l hour
average (Josefbwich and Reid 1995). It should
be n , r leJ  th  thc  r r luc .  quu l<d  i I  th i .  p rpcr  a re
averagcd oYer thc 7 to l0 days lequired lbr sam-
pling and lrre not "true'2:+ hour averagc values.

The highest sample pcriod ralucs vere obtained
during two time periods. Jul1' 27 to August 4. 199,1

8 o r
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and November l l ro December 20. 199,1. The
first period coirrcided nith a large forest fire south
of KeJotvna u'hich procluced a pall of snroke haze
for several days. The thick smoke, having re-
duced the ground lcvel solar intetsity. rnay have
intedercd u'ith the photochemical breakdown of
NO., Equation (3). The second period coincided
witlr an abrupt oDSel of cold winter temperaturcs
(nlcan tenlpcratures: October 8.0,,C, November
0.5 "C) (Environment Canada. monthly meteo-

rological reports 199.11 coupled wirh a period of
fairlv stagnant air (mean wind speed: November
3.1 kn/hr) (Environmenr Canada, nonthly me-
teorological repofts 199,1). The luwer tentpera
tures rvould slow dorvn the ralc of many of the
chenical reactions inolved in NO, consumption:
the static air would trap the NO. ivithin the nar-
row contl[es ol the Okanagan Val]e\.

The.ea ' 'n l l  \ l r i r l i on  o l  \O,  con\ . (n t ru r i , ,n \
as measured at two representative sampling sites.
Site-l and Site-6. is compared in Figure 4. Marinrum
values appear in November and December and
minimum values from May throughAugust. On
alerage, wintervalues arc slightly higherthan those
obtaincd in the sumnler. In the summer. although

1
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Fisurc { \rfirli,xrs ofihe darLl n eqee NOr concenrrriir,nr as 'rca,unrl at rru c, ot rhrsanpiing \ias.lire- I (Kao Rd) rclo,.1ed
lhe lo\|e\r Annu.rl r\rjrhmetic ru!'an .rnd sirc 6 (crn. sp,1r/High$a\ 97) the highcst Annuar ,{rithmeric Nlern.
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there ar-e greatcr vchicle emissions due to highcr
traffic tlo$. the intense sunlight rapidll decolr
poses the NO., Equrtion (3). During wirter, with
feu,er hours of sunlight. this photochenristry is
no1 as effective alrd the NO, is not as readily re-
mo!ed.  A .  ind ie . r teJ  p rer  i , ' u .11 .  tc tnp<r : l tu re  in -
versions in u, inter ma), also contribute to the higher
wlnter values.

Atmospheric NO. also undergoes diumal varia-
tions. Evidcnce for the lolq of NO, in O. firma-
tioIr is sho\\"n in Figures 5a and 5b. in whichhourll
data liom the KLO Road monitodng station havc
been averagcd over a one nonth periocl. Figure
5a, tbr Au-sust 199,1, shorvs a typical build-up of
NO, clu ng the morning traffic rush (Wayne l99l:
Bun-ce 1994.). Sunlight init iatcs the breakdown
of NO, and the tirrmation of O.. In the early af-
ternoon. thc reactioD ofO, r,ith hyclrocarbons and
olher species dominatcs dre photochemistr). In
the earl-y evening, a second traftic irduced buildup
of NO, can bc seen. Figure 5b. fbr Novcrnber'
1994. ihorvs a shape similar to that for the Jul,v
data, but O.production is inrpaircd aDd the NO.
(or )ccn t r r l ion  remr in '  r .  lu t i re t )  h igh .  Juc  to  rhe
decrease in both sunlight intensity ancl availtrble
hours of sunlight.

Recommendations

Our clata proride an inportlrnt referencc point for
l lmbicnl NO. in inteior BC. Bascd o[ these data.
u'e make thelbllowin-e inttrcnces andreconrmen-
dations:

. Atmospheric NO. concentrations al a nLrm
bt:r of locations in the citl, of Kelowna indicate
that this gas is not near a crit icai pollutalt leveJ.
Horvevel, the ability for NO, to produce Oi plf-
l i cu l : l r l )  Ju f ing  lh .  \umnlc r  r l run lh \ .  i \ .1  In i r j , , r
concern (Rcid 1995).

. Thc KLO Road atmospheric monitoring sta
tion site is about 2 km tiom the n.Iain traffic ]outes
and essentiall l  mcasures the background conccn-
trations ol NO. and othel gases. The mcasured
spatial distdbution ofNO. irdicates that thc monitor
is not ideally located if peak pollutant values are
of interest. This is particularly true tbr O.. rs
maximum concentraiions for this gas are typiialll
firund down u'ind fiom the sourcc ofthe primar)'
pollutants. For example. Abbotsford, BC experi-
erces high concentratioDs of Or generatcd fron]
the NO,/VOC gases enitted by trallic in Vancour'er.
BC, rvhich is 50 70 km up*ind (Concord Envi-
ronmental Corporation 1990: Steyn et al. 1990).

. Continucd monitoling ofpollutant gases such
as NO.. CO and PMr,. thc init iation of a spatial
O, nonitoring proglatrr, combined with a bcttcr
undeNtanding of the neteorolog,v ofthe Okanagan
Valley is requirecl in i)rdcrto funher evaluate tlends
of this rcgion's air qualit.v. A data set of appropri-
ate chemical ard meteorological parameters could
be used k) devclop a model suitable lbr predict-
ing future air quality trends tirr thc Okanagan
airshed.

. At a local lcvel. air quality concerns have
pronpted the city of Kelowna to ti)rm an Air
Quality Technical Steering Conlmittee to address
pefiinent issues, parlicularly targeting the prob
lems of inhalable particulales. PM,,,. The daily
publication of an Air Quality Index by the BC
Ministries ofEnvironment and Health and aVcnting
Index byEnvironment Canada are recent outcomes
of this Comnittee's deliberations. The Regional
District of the Certral Okanagrn is currcntly pre-
paring a by lau to regulate opcn buming aud the
use of wood burnin-q appliances.

. At the kovincial level. in 1995, the tsC Gov
elrment introduced a "Cleaner Vehicles ard Fu-
els - Action Plan" in which auto emission sLan-
dalds and gasoline qualit)' standards, identical to
those used in Calilbmia. *ill be phased in by 2001 .
Thesc conlrol strategies, based on l irnit ing VOC
and NO, emissions (Finla),son-Pitts and Pitts 1993;
Calvert et al. 1993), are designed to prcvent Ol
buildup and smog tirrmation.

One ofthe authors (GRB) has recently received
a grrnt to construct apofiable O- monit{)r (Bognor
and Birks 1996). It is intendcd to use this instru
nent to cany out spatial and tenporal measure-
nents ofO., pafticularly downwind from Kelowna.
The developmcnl ofa passive diftirsion tube sam-
p le r  l , ' r  O t le te rminr t ion .  i .  u l . . r  hc ing  i r r rc . t i -
gated. An additional interest is thc unexpected
increlse in surt'acc concentmtiols of O. during
the hours ofdarkness. 22:00 hours to 5:(X) hours,
see Figure 5b. As atnrosphcric O. is only gener
ated it l the presence of sunlight, a nighnime il-
crease cannot bc duc 10 photochemical lbrmation.
Unusual uppcr almosphere neteorological events
may occasionally cause intrusion of stratospheic
O. irto the lou er atrrlospherc. This occuls overa
periocl of a ttw days when there is gross instabil-
i ly in the iet stream (Steyn ct al. 1990) but not
when there is ground lcvel stagnant air. In 199.1,
the  n igh t l in re  in .  n  r . , .  in  O eunccnt ta t ion  uere
observed on 25 of the 30 days in Novenrber. as
u'ell rs tirr sevcral days in October and December
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It is possible that dayrime Or produccd at the sur-
lace is being conyectivel)i tianspofted aloft dur-
ing daylight houls where it is not encountering
sufficienL hyclrocarbons. sunlight and high enough
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temperatures for its elficicnt removal. This O. is
thcn  re lu rncJ  tupround le \e l  by  k r r . rbar ic  n ind '
during the onset ofa nighttime inversion. Verit-l
cation ofthis mechanism may be cstablished using
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the previously mcnlioned monitor to neasure
vefiical profiles of O. concentration.
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