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Abstract. Concentrations and fluxes of eight volatile or- 1 Introduction
ganic compounds (VOCs) were measured during October
2006 from a high telecom tower above central London, asin urban and suburban settings, emissions from vehicles are
part of the CityFlux contribution to the REPARTEE | cam- the dominant source of most volatile organic compounds
paign. A continuous flow disjunct eddy covariance technique(VOCs) to the atmosphere, typically accounting f650%
with analysis by proton transfer reaction mass spectrometnof the total (Kansal, 2009; Na et al., 2005). Direct emissions
was used. Daily averaged VOC mixing ratios were within the from vehicle exhaust contribute a large fraction of this total,
range 1-19 ppb for the oxygenated compounds (methanobut other traffic related sources include hot soak emissions
acetaldehyde and acetone) and 0.2-1.3 ppb for the aromatiuring engine cooling (Na et al., 2004; Rubin et al., 2006)
ics (benzene, toluene ang-Benzenes). Typical VOC fluxes and evaporative emissions of petroleum products (Srivastava
were in the range 0.1-1.0mgmhh~1. There was a non- et al., 2005). Once emitted into the atmosphere, VOCs influ-
linear relationship between VOC fluxes and traffic density ence local and regional air quality and can also impact upon
for most of the measured compounds. Traffic activity washuman health. Consequently, efforts have been made to cur-
estimated to account for approximately 70% of the aromatictail and better regulate anthropogenic VOC (AVOC) emis-
compound fluxes, whereas non-traffic related sources wergions. In Europe, much of this has been achieved through the
found to be more important for methanol and isoprene fluxesimplementation of the Geneva VOC and Gothenburg multi-
The measured fluxes were comparable to the estimates gfollutant protocols (UNECE, 1991, 1999), which promoted
the UK national atmospheric emission inventory for the aro-the introduction of 3-way catalytic converters to all newly
matic VOCs and CO. In contrast, fluxes of the oxygenatedmanufactured road vehicles and forced steps to be taken to
compounds were about three times larger than inventory estireduce evaporative emissions from petroleum products.
mates. For isoprene and acetonitrile this difference was many |n order to model the effect of VOC emissions on air qual-
times larger. At temperatures over°a5it is estimated that ity and to quantify the effectiveness of emission control mea-
more than half the isoprene observed in central London is Ogures accurate|y itis necessary to Comp"e Spatia”y disaggre_
biogenic origin. gated emission inventories. In the UK (as with many other
countries) this is done using a “bottom-up” approach to pro-
duce a yearly emission estimate for a large number of air
pollutants as part of the UK National Atmospheric Emission
Inventory (NAEI) activity.

In contrast to the NAEI, micrometeorological flux mea-
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both spatial and temporal changes in VOC emission fromtypical daytime flux footprint of the tower is dominated by
a flux “footprint” and their controls, and they offer the op- commercial/residential buildings and roads (82%) but also
portunity to identify new sources. To date most VOC flux includes urban parkland (13%) and impervious ground (5%).
measurements made with these methods have focussed @nmore detailed description of this site has been provided by
emissions of biogenic volatile organic compounds (BVOC) Harrison et al. (2010).
from vegetation canopies such as grassland (Karl etal., 2001; An ultrasonic anemometer (Model R3-50, Gill Instru-
Rinne et al., 2001; Warneke et al., 2002; Brunner et al., 2007ment5, UK) and gas inlet were attached to a mast which
Davison et al., 2009) and forests (Karl et al., 2002; Grabmerfextended 3 m above the 12m tall lattice structure which
et al., 2004; Spirig et al., 2005; Lee et al., 2005). However,js erected on the Tower's flat roof. The sample inlet was
recent studies have demonstrated that micrometeorologicaherefore ~200m above ground level. Air was pumped
flux measurement techniques can also be extended to the Ufown a~45m long Teflon tube (3/80D) at a flow rate of
ban canopy, as long as a measurement site with a suitableg | min—1 to the proton transfer reaction mass spectrome-
elevation (at least 3 times the average building height) abovger (PTR-MS) which was housed inside the Tower.
street level can be found (Nemitz et al., 2002; Dorsey etal., The \weather during the campaign was unseasonably
2002), and first applications have been made to the meay, .y \ith an average temperature and relative humidity of
surement of urban VOC fluxes (Velasco et al., 2005, 2009}15 211 & C and 84-8%, respectively. Averaged over Eng-
Langford et al., 2009; Park et al., 2010). To reduce the im-5nq October 2006 was the third-warmest on record, @.5
pact of the surface heterogeneity, variability in the emissions,pjye the long-term mean. South westerly winds dominated
distribution and effects of advection, the eddy covarianceduring the month of October, with an average wind speed
measurements are limited to fairly uniform urban areas ineasured at 200 m of 7.8 ms A more detailed overview of
terms of topography and patterns of buildings, roads, emisye campaign meteorology is given by Harrison et al. (2010)
sion sources and vegetation. and Nemitz et al. (2010).

In this study we use disjunct eddy covariance with contin-
uous flow (DEGs) to measure emission estimates for eight 2.2 VOC sampling
volatile organic compounds above central London. We com-""

pare the results to emission estimates within the most recent

(2006) NAEI data base for London. We also analyse thesd-oncentrations of selected VOCs were measured using an

data with respect to traffic density and ancillary measure-'onicon (GmbH, Innsbruck, Austria) high sensitivity PTR-
ments of CO fluxes and concentrations. MS which was fitted with three Varian turbo-molecular

pumps and a stainless steel ringed drift tube (9.6 cm). This
instrument has been described in detail elsewhere (Lindinger
et al., 1998; de Gouw et al., 2007; Hayward et al., 2002);
therefore only a description of the instrument setup and op-
eration are included here.

Air for analysis by PTR-MS was purged into the in-
During the autumn of 2006 (30 September 2006—30 Octo-Strument at a flow rate of 0.3Imit through a heated
ber 2006), micrometeorological measurements of VOC con=SilcosteeP inlet line. The instrument was programmed to
centrations and fluxes were made over central London. Theperate in two modes, SCAN and FLUX. During the first
measurements were conducted as part of the UK CityFluXive minutes of every hour the total mass rang@z21—
project, as a contribution to the REgents PArk and Tower146) was scanned to provide basic concentration informa-
Environmental Experiment (REPARTEE-I). The CityFlux tion on a wide range of hydrocarbons. The PTR-MS was
project aimed to (i) directly measure pollutant emissionsthen operated in FLUX mode for two 25 min averaging peri-
from urban areas, (ii) investigate controls of these emissionspds per hour, with the quadrupole scanning through 11 pre-
(iii) derive emission factors relative to G@nd CO and (iv)  determined masses (dwell time 0.1 s p&® in measurement
study pollutant transformation by comparing fluxes at thecycles lasting just over 1 s per cycle. The targeted protonated
plume, street canyon and urban canopy scale. masses and likely contributing compounds wera/z 33

The site selected to study objectives (i) and (iii) for (methanol), m/z 42 (acetonitrile),m/z 45 (acetaldehyde),
the UK’s largest city was the London Telecom Tower m/z59 (acetone/propanalin/z69 (isoprene/furan/alkenes),
(51°3117.4' N; —0°820.04' W), a 188 m high telecommu- m/z 79 (benzene),m/z 93 (toluene) andm/z 107 (G-
nications tower, which is located in central London. The benzenes-ethylbenzene/benzaldehyde/xylene isomers). In
tower is surrounded by a mixture of commercial and resi-addition to these masses, both the primary ion coufai21
dential buildings with an average height of 15m, giving the (H30") and its first clustem/z 37 (H}%0* H1%0*) were
location an urban classification of 2 (Intensely developedrecorded. The remaining 5 minutes of each hour were used
high density urban with 2-5 storey, attached or very close-to measure the instrument background by sampling air which
set buildings) according to the criteria of Oke (2006). Thefirst passed through a platinum catalyst, again in SCAN

2 Experimental

2.1 Measurement site
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mode. The catalyst was custom built and consisted of a glasexchange velocity and was deemed small for the compounds
tube packed with platinum catalyst powder, heated t6 ZD0  studied here, which all showed large fluxes compared with
During the study period the PTR-MS operating parame-their concentrations.
ters, drift tube pressure, temperature and voltage were held The lag time, A¢, was determined using a cross-
constant at 2.06 mbar, 48 and 600V, respectively, main- correlation (c-c) function betweem’ and x’ within a 25s
taining anE/N ratio of approximately 125 Td. The4®* flux averaging period. The maximum correlation typically
primary ion count ranged between (4>Q@)° ion counts per  occurred between 6 and 10s. This agreed closely with the
second (cps) with an average okZ(Pcps. lon counts of same c-c function applied to GQlata recorded by a fast
m/z37 ranged between 0.89 and 9B cps with a mean of  response instrument (Infrared gas analyzer LI-COR 7000)
3.1x10° cps, which represented 4% of the primary ion sig- which sub-sampled the same sample air flow directly after
nal. Typical normalised ion counts ranged between 1 andhe PTR-MS, and the theoretical value of 4 s, calculated from
210ncps for the targeted compounds after background sulthe volume of the inlet line and the flow rate. The preci-
traction, with instrument sensitivities in the range of 6.4 (ace-sion of each measurement was determined following the cri-
tonitrile) to 8.2 ncps ppbvt (benzene). teria specified by Spirig et al. (2005), using the standard de-
Gas standards were not available for on-site calibratiorviation of the covariance function at distances far from the
of the PTR-MS, hence mixing ratios were calculated usingpeak value to characterise the random noise. Assuming a
the instrument-specific transmission coefficients and reactiomormal distribution, multiplying the standard deviation by 3
rate constantsk] taken from Zhao and Zhang (2004). De- gives the measurement precision at the 99.7% confidence in-
spite careful calculation of transmission coefficients, using aterval. This value was used as a proxy for the flux limit of
range of gas standards under laboratory conditions, mixingletection and only data that exceeded this threshold are pre-
ratios may be subject to systematic errors, which, in somesented here. In addition to VOC measurements, fluxes of
instances can be as much as a factor of two (de Gouw an@O were measured with a fast-response VUV CO analyser
Warneke, 2007). In the current study, where possible, VOC(AeroLaser AL5002) and are described in more detail else-
mixing ratios were verified against measurements made by avhere (Famulari et al., 2009; Phillips et al., 2010).
GC-FID, as discussed in more detail in Sect. 3.1.
Approximately 530h of concentration data and 290h2.4 Fluxlosses
of flux data were collected over a 25 day period
(30 September 2006—13 October 2006; 19 October 2006-All flux measurement techniques are, to some extent, band-

30 Ocrober 2006). width limited and therefore measurement frequency and
choice of averaging period become important considerations.
2.3 Calculation of fluxes During the REPARTEE-I campaign the quadrupole dwell

time was set to 0.1 s pen/z yet the response time of the in-

Fluxes of individual VOCs were measured using a continu-strument may be as much as 1, resulting in turbulent fluctu-
ous flow disjunct eddy covariance technique (RECThis ations in the<1 Hz frequency range being attenuated during
technique was pioneered by Karl et al. (2002) and has beethe measurement process. Corrections for such flux losses
described in detail by Langford et al. (2009) and Davisonare available (Horst et al., 1997). However at a measurement
et al. (2009). Briefly, a covariance function between verti- height of 200 m, the typical eddy size is sufficiently large
cal wind velocity measurements) and VOC mixing ratios  that fluctuations in this high frequency range carry only a
(x) is used to determine the flux for each selected compoundery minor proportion of the total flux (estimated from Horst,
(Fy): <2%). Therefore no correction was applied here. Con-

N versely, measurements made at this elevation may be subject

1 .. , to attenuation at the lower end of the frequency spectrum as

Fy(At) = Nzw (i—Ar/Aty)x @ the chosen averaging period may not fully resolve low fre-

i=1 qguency fluctuations without compromising the stationarity of
Here, primes denote the instantaneous fluctuations about tHése measurement.
mean vertical wind and VOC concentration (exd=x —Xx), In order to investigate this effect, sensible heat flux data
At represents the lag time between wind and PTR-MS meafrom the campaign were re-analysed by joining individual
surementsAt,, is the sampling interval of the vertical wind 25 min files to create averaging periods of 25, 60, 90, 120
velocity measurements (0.05 s) aind gives the number and 150 min (with 5-min gaps). A coordinate rotation was
of disjunct samples (1363) from the PTR-MS during eachapplied to the resulting files which acted as a high pass fil-
25min averaging period. Standard rotations of the coordi-ter (Finnigan et al., 2003) to the three dimensional wind ve-
nate frame were applied to correct for tilting of the sonic locity measurements, ensuring that fluctuations from eddies
anemometer and 25 min averaging period were block averwith a time period greater than that of the averaging period
aged. No WPL correction for density fluctuations was ap-could not contribute to the flux measurement (Moncrieff et
plied to these data, as this is inversely proportional to theal., 2004). The resulting fluxes were then compared back to
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Fig. 1. Fluxes of sensible heat {5 measured at the Telecom Tower calculated using averaging periods of 1, 1.5, 2 and 2.5 h and compared
with fluxes calculated using the more standard 25 min averaging period.

the average values measured using the standard 25 min ave2:5 Quality assessment of fluxes
aging periods, which were also rotated to ensure the flux was
only made up by turbulent fluctuations of 25 min or less. A post-processing algorithm was written in LabVIEW which
The results of this are shown in Fig. 1, where the fluxesnot only re-processed fluxes but also filtered out data files
calculated from the extended averaging period are plottedvhich did not meet specific quality criteria. The algorithm
against the flux constructed by averaging the results frominvolved the following steps: (i) calculation and optimisa-
the individual consecutive 25-min averaging periods. Eddiedion of lag times using a c-c function, (i) calculation of VOC
with a time period of between 25 and 60 min increase the fluxfluxes, (iii) calculation of flux precision, rejecting files where
by 3.1%; similarly eddies with a period of between 1 and the peak in the c-c function was below three times the mea-
1.5 h increase the flux by 2.6%. Extending the averaging pesurement precision, (iv) testing of the mean frictional veloc-
riod further to 2.5 h shows a total flux increase of 12.6%, butity, rejecting data files where, <0.15ms* and (v) testing
after this little further increase is observed (not shown). Sim-of fluxes for stationarity, rejecting failed data files. The sta-
ilar results were observed in heat fluxes measured at Nelsotionarity test applied here and associated data quality rating
Monument, Edinburgh (E. Nemitz, personal communication,is described in detail by Foken and Wichura et al. (1996) and
2008) and in CO fluxes measured above Boulder, Coloradd/elasco et al. (2005).
(Nemitz et al., 2008). About 1% of the data were rejected due to lack of station-
These findings show that VOC flux measurements maderity, 25% were removed because of insufficient turbulence
at the Telecom Tower are bandwidth limited with low fre- (u.<0.15ms1) and a further 18% were rejected as fluxes
guency contributions attenuated due to the choice of averagwere below the limit of detection. Of the 56% of the data
ing period (25 min). Consequently, VOC fluxes measured athat passed the quality assessment, 91% were ranked as high
this site may be underestimating the true flux by some 10 taquality and 9% low quality. The bulk of rejected data oc-
15%. However, increasing the averaging period for the PTR-curred at night time, potentially biasing nigh time fluxes to-
MS measurements to 2.5 h would have increased the likeliwards higher values. This effect is discussed in more detalil
hood of non-stationarities affecting the flux measurementsin Sect. 3.4.
In addition, lower time resolution in the flux measurements As the urban environment presents a non-ideal terrain for
contains less information to study the processes affecting thenicrometeorological flux measurements, an assessment of
fluxes, which was an important objective of this work. Thus the integral turbulent statistics of the vertical wind veloc-
a ~30-min averaging time appears to achieve the right bal-ity (o, /u.= standard deviation of the vertical wind veloc-
ance. ity normalised by the friction velocity) was carried out, with

Atmos. Chem. Phys., 10, 62645 2010 www.atmos-chem-phys.net/10/627/2010/



B. Langford et al.: Fluxes and concentrations of volatile organic compounds above London 631

measured values compared with modelled values, which Pretaple 1. Meteorological parameters used in the flux footprint model

dict o /u, for a set of ideal conditions (Foken et al., 2004). ,; yjn et al. (2004) to generate flux footprints from the Telecom
Classification of data based on this quality test was outlinedower under a range of atmospheric stabilities.

by Foken et al. (2004) as part of the FLUXNET programme.
According to their criteria over 70% of the current data were

rated category 6 or better (suitable for general use) and less Atmospheric ow Us i Zm  zo Footprint
- N . T —1 —1
than 3% of the data set qualified for rejection. A more de- Stability (ms™] [ms] [ml [m] [m] (km]
tailed analysis of the turbulence characteristics from this site stable 0.05 03 250 200 15 14.3
is presented elsewhere (Wood et al., 2010). Neutral 0.05 0.5 1000 200 15 216
Unstable 2.0 0.2 2000 200 15 0.5
Average campaign 0.3 0.4 600 200 15 4.7

2.6 Calculation of the flux footprint conditions

The typical daytime flux footprint for the site was calculated
using a simple parameterisation model (Kljun et al., 2004).

Although originally developed for dynamically homogenous ground 07:00 LT (local time), three or four hours later than
terrain, this model has been extended to the urban environyas typical Monday to Friday. This is consistent with the
ment with some success (Langford etal., 2009), hence its apemporal pattern in C9concentrations at this site (Helfter et
plication here. Footprints were calculated for stable, neutraly| 2010). Throughout the measurement period, concentra-

and convectively unstable conditions and also for the averag@ons of the oxygenated compounds were highest, followed
conditions encountered during the measurement period. Thgy those of the aromatics and isoprene.

parameters used in the model included: the standard devia- g, 5 day to day basis, each analyte typically followed
tion of vertical wind velocityo,,; friction velocity u,; mea-  gne of two patterns. The first, characterised by the aro-
surement height,,; roughness lengtto (1/10" the average  matic compounds (benzene, toluene ancb@nzenes), had
building height); and boundary layer height The predicted o day-time peaks, one occurring around 09:00 and the sec-
flux footprints (radius containing 80% of the flux) are shown gng. slightly larger peak between 18:00 and 21:00. A third,
in Table 1 along with the parameters used for each set of aty,,ch less well defined peak, occurring at around 14:00 was
mospheric conditions. This analysis confirms the size of theg|sg evident on certain days, although this tended to be more
footprint to vary considerably under differing atmospheric prominent at weekends. In addition to the aromatics, both
conditions, with larger footprints associated with low values gcetonitrile and acetaldehyde loosely followed this double-
of . Inreality, the range of,, andu, measurements made peak trend, whereas acetone and isoprene did not. Instead,
dur?ng REPARTEE-I was smallwhen compared to these_ SCefor these compounds, only a single midday maximum was
narios. Consequently, the campaign average flux footprint ofpserved, followed by a decline in concentration throughout
4.7 km is thought to provide a good approximation of the typ- the mid-to late-afternoon and evening.
ical flux footprint during the campaign. Methanol concentrations were highly variable on both
daily and weekly timescales and therefore did not follow ei-
ther trend. During the first week of measurements, methanol
mixing ratios increased steadily from 7 ppb, to a maximum
of 80 ppb on 8 October 2006. A slow decline in concentra-
tion was recorded in the subsequent days and, following a
3.1.1 Concentrations on the Telecom Tower during short disruption to the measurements between 15-19 Octo-
REPARTEE-1 ber, concentrations returned to the level (7—15 ppb) observed
at the start of the campaign. Unlike the other VOCs, strong
Averaged diurnal concentration plots for each of the eightdiurnal trends were not apparent for methanol.
compounds are shown in Fig. 2 and are summarised in Ta- Toluene concentrations also showed longer term varia-
ble 2. During the study period, the largest concentrations otions, with much higher concentrations observed between
most VOCs were recorded during daytime and the lowest afl—12 October. During this period the concentration ratio of
night, indicating that patterns in emission (peaking at day)benzene to toluene (B/T) was 0.07, which is much lower than
had a larger effect on concentrations than boundary layer dythe range typically observed in urban air (Heeb et al., 2000).
namics. The oxygenated VOCs were the most abundant coniFhis ratio increased to 0.16 between 19-30 October 2006 and
pounds observed which indicates the importance of the photoluene concentrations followed those of benzene much more
tochemistry taking place above central London. Temporalclosely.
trends on a weekly time scale were also evident, with VOC In order to assess possible analytical interferences of PTR-
concentrations typically 20% higher during weekdays thanMS measurements, additional measurements of VOC con-
at weekends. Furthermore, at weekends, concentrations afentrations were recorded for validation and comparison pur-
some compounds began to increase later in the day, typicallposes at a much lower time resolution using a dual column

3 Results and discussion

3.1 VOC concentrations

www.atmos-chem-phys.net/10/627/2010/ Atmos. Chem. Phys., 1068372010
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Fig. 2. Average diurnal concentrations of volatile organic compounds measured between 30 September and 30 October 2006. Open circles
represent the total average (25 min) concentrations, solid line represents the average weekend concentrations and the dashed line represe
average week-day values.
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Table 2. Summary of VOC concentrations and fluxes measured at the Telecom Tower (London) during October 2006.

Methanol Acetonitrile  Acetaldehyde Acetone Isoprene Benzene Tolueng-befzenes

[m/z33] [m/z42] [m/z45] [m/z59] [m/z69] [m/z79] [m/z93] [m/z107]
Concentrations
[ppbVv]
Mean 194 0.33 3.57 1.57 0.17 0.14 1.85 0.16
Median 12.3 0.28 3.35 1.49 0.15 0.13 1.30 0.15
5-th percentile 5.4 0.19 2.48 1.00 0.08 0.06 0.47 0.06
95-th percentile 46.5 0.61 5.29 2.36 0.30 0.26 4.28 0.32
SD 13.7 0.17 0.95 0.47 0.07 0.07 1.26 0.11
N 1065 1072 1065 1067 1048 1067 1058 1027
Fluxes
[mgm2h1]
Mean 0.95 0.25 0.65 0.55 0.13 0.15 0.68 0.28
Median 0.94 0.17 0.60 0.50 0.13 0.15 0.62 0.25
5-th percentile —0.98 —0.08 0.22 0.15 -0.10 -0.10 -0.32 —0.09
95-th percentile 2.2 0.82 1.33 1.24 0.26 0.29 1.57 0.63
SD 0.93 0.27 0.38 0.40 0.10 0.11 0.57 0.21
N 512 594 637 641 518 601 589 606

SD: Standard deviation;
N: number of 25-min observations.

gas chromatograph — flame ionisation detector (GC-FID). Date & Time [Local]
This system operated between 19-30 October. Glass sampl op 1120 Sun 22 Tue 24 Thu 26 sat 28 Mon 30
canisters were pressurized with air taken from a balcony ap- =~ | — prrws

0.5 4

proximately 30 m below the PTR-MS inlet line over 30 min ¢ ecFp

time periods, with 4-h gaps between samples. Canisters wert e N I
later analysed offline using a split column GC-FID calibrated § , | ol o 02 o o 4
with a 74 component hydrocarbon gas standard with individ- @ o, ““\y”ﬂv\fj? R .WVM\\J\'" W
ual analytes in the 1-5 ppb range (Apel-Riemer Environmen- 0.0 {— : : : :

tal, Inc.). The results obtained tended to be slightly higher
than PTR-MS measurements for compounds in the lew C
C3 range, while the heavier hydrocarbons, shown in Fig. 3,
such as benzene, toluene angliénzens all showed excel-
lent agreement. This comparison provides independent con:
firmation that mixing ratios obtained using the specific trans-
mission curve of the PTR-MS were able to yield quantitative
results.

Concentrations of benzene, toluene ang-bE&nzenes
(ethylbenzene) were also recorded by the UK Ambient Au-
tomatic Hydrocarbon Air Quality Network at their Maryle- 0.0 L— ; ; ; ;
bone road curb site (e.g. Dumitrean, 2008). This site is 900 m FI2000  Sun2z00 Tue2400  Thu2000  Sarz00  Mon3000
west of the base of the Telecom Tower (Harrison et al., 2010). Date & Time [Locall
Comparisons of the trends in concentrations between the twi
S'Fes were in good agreement for benzene apbehzenes PTR-MS and GC-FID from the Telecom Tower (London) during
with R? values of 0.59 and 0.66 respectively, whereas forihe REPARTEE-I campaign.
toluene, the trend observed at the Tower differed from that
seen at street level. Typically, at street level, concentrations
of toluene were highest during the day with a broad peak be-
tween 08:00 and 18:00 and at their lowest during the night.

A comparison of toluene concentrations from the two sites

0.4 4
0.3 4

Benzene [ppb]

Toluene [ppb]

o
™

0.6

I
IS

C, - benzenes [ppb]
o
N

Eig. 3. Mixing ratios of volatile organic compounds obtained by
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using data obtained between 19-30 October revealed mucand October for toluene and>enzenes respectively and
closer agreement?€=0.58). The higher concentrations ob- were 15% and 18% higher respectively than the annual av-
served by the PTR-MS between 1-12 October were not reerage. Because these concentrations at ground level are not
flected at the Hydrocarbon Network site, which could be just influenced by the emission strength, but also by mixing
suggestive of the PTR-MS detecting additional compoundsprocesses, which are reduced during the winter months, it is
at m/z93, which would overestimate the toluene measure-difficult to infer the annual emission pattern from these con-
ment. Nevertheless, measurements from the Tower may beentration measurements. Nevertheless, the fact that some
strongly influenced by air masses originating from outside ofconcentrations peak in autumn rather than in winter (when
the city, whereas at street level, where the sampling locatiommixing is even more suppressed), indicates that our Octo-
is in close proximity to the primary emission sources, the in-ber flux measurements may somewhat over-estimate annual
fluence of advected air masses is likely to be negligible. emissions.

Despite the good agreement in concentration trends, curb-
side measurements were on average twice as high as thoSe2 VOC fluxes

observed at the Tower at 200 m height. _ _
Figure 4 illustrates the tendency for fluxes to be on average

3.1.2 Meteorology and VOC concentrations at street ~19% lower at weekends than on weekdays. The morning
level in London between 2001-2006 increase in VOC fluxes typically coincided with the increase
in traffic which occurred at approximately 07:00. Yet, on
In order to help place the current results in context, bothsome days, VOC fluxes were not seen until much later, be-
ambient temperature and VOC concentration measurementsveen 08:00 and 10:00. During some nights, due to the eleva-
were compared against long-term measurements for Lontion of the measurement location, the site became de-coupled
don for the period of 2001-2006. Temperature data wergrom the street-canyon activity and both VOC and sensible
obtained from the London Weather Centre and showedheat fluxes were only observed as the nocturnal boundary
the annual average temperature for central London to béayer broke up in the morning. This phenomenon was most
12° C+6° C. The average surface temperature for the monthnoticeable on the morning of 11 October and is shown here
of October over the previous 4 years was$ €3-3° C. This in relation to the typical traffic activity (2006) in Fig. 5. The
was very close to the average temperature measured at ttigaw-tooth” shaped curve is symptomatic of the venting of
Telecom Tower during REPARTEE | (12.2+1.8) and  nocturnal/early morning emissions, initially trapped in the
shows the measurement period to be fairly representative o$hallow boundary-layer below the measurement height, and
the average annual temperature. However, comparisons withan also be seen in the GQluxes (Helfter et al., 2009).
the U.K Met Office long term mean (1971-2000) for south Thus, the local flux measured with the DECcf approach at the
east England showed October 2006 to be unseasonably warrglatively high measurement height of 200 m is not always
(+2.2C). representative for the surface emission at that time. Vertical
Long-term measurements of VOC concentrations for thegradient measurements, required to quantify the storage be-
same time period were obtained from the Automatic Urbanlow the measurement heights, were not available. However,
and Rural Network (AURN) monitoring station located on it is expected that the integrated emission over the day nev-
Marylebone Road. The analysed data included measureertheless provides a robust estimate.
ments of benzene, toluene ang-enzenes (ethylbenzene),  Although measurements of boundary layer height (BLH)
all of which showed a gradual decrease in concentrations bewere not recorded during the REPARTEE-I campaign, esti-
tween 2001 and 2006. The average rate of decline during thighates of mixed layer depth were made using the algorithm
period was betweer16% and—21% per year, which was of Arya (1981) and compared with flux data.
in line with the national average during the same time period ",
(Dollard et al., 2007). zi = 0.142—
Benzene concentrations were typically 18% higher during f
the winter (October—April) when compared to the summerHere, u, is the friction velocity measured close to ground
(May-September), with the highest concentrations observetkvel at a site near to the Telecom Tower gfds the Cori-
in November and the lowest found between April and July.olis parameter. Although not specifically parameterised for
Values recorded in October were 13% higher than the yearlyurban meteorology, the model indicates the nocturnal bound-
average, suggesting that measurements in the current studyy layer to break up between 08:00 and 10:00 and the mea-
are likely to be slightly larger than the annual average bensurements show the fluxes to rise shortly after. The mixed
zene concentration. layer depth estimates show the nocturnal boundary layer be-
Similar winter-summer variation was observed in the mea-low the measurement location (200 m) at certain times which
surements of &benzenes and toluene, although the differ- is consistent with Lidar measurements made during the sub-
ence between the two seasons was less (9% and 5% respesequent REPARTEE-II campaign near to the Telecom Tower.
tively). Concentration maxima were observed in NovemberThese measurements showed the nocturnal boundary layer to
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Fig. 4. Average diurnal flux profiles of volatile organic compound fluxes measured during the month of October 2006, from the Telecom
Tower, London (UK). Solid bold line represents the total average (25 min) fluxes, solid line denotes the average weekend fluxes, dashed line
represents the average week-day fluxes and open circles show the traffic density. Greyed areas represent the measurement precision — <
text.
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Table 3. Average daily VOC fluxes [mg m? h—1] measured over a number of urban areas, including Manchester, UK, and Mexico City.
Errors showt1 standard deviation.

Location Methanol  Acetaldehyde  Acetone Benzene Toluene >- b€nzenes  Source/Comments
& District [m/z33] [m/z45] [m/z59] [m/z79] [m/z93] [m/z107]
London 0.95-0.93 0.65-0.38 0.55-0.40 0.1%0.11 0.68:0.57 0.28:0.21  This study, DEgG
(Autumn)
[Commercial
Manchester 0.540.71 0.38:-0.68 0.53-0.66 0.12:0.18 0.28:0.41 - Langford et al. (2009), DEC
(Summer)
[Commercial
Mexico City 1.04 - 0.4 - 0.83 0.47 Velasco et al. (2005), REC
[Residential
Mexico City - - - 4423 14.14.0 - Karl et al. (2008), airborne
[Industrial DECcf), average midday fluxes
Mexico City 1.48 - - 0.40 3.06 1.33 Velasco et al. (2009), REC
[Residential
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Fig. 5. Graph of acetone fluxes (running mean — solid line) measured during the week of the campaign relative to measured vehicle counts
(dashed line) for central London (Marylebone Road). The top of the white layer shows the modelled boundary layer height.

be stratified resulting in a decoupling of the turbulent fluxes Fluxes of acetone and methanol were approximately
at the tower from the street level emissions (Barlow et al.,1.8 times larger in London than the summer time fluxes mea-
2010). A comparison between these data and the model dusured over the city of Manchester. Similarly, fluxes of both
ing REPARTEE Il showed reasonable agreement especiallypenzene and toluene were between 1.3 and 2.5 times larger in
during periods of nocturnal stability, thus giving confidence London. This is consistent with the observation of larger or-
to the model estimates presented here. It should be notedanic aerosol emission fluxes above London compared with
that an alternative explanation for the higher emissions durManchester (Phillips et al., 2010).
ing the morning compared with the evening rush-hour could Despite the differences in their relative magnitudes, the
be increased emissions associated with cold engine starts. diurnal flux profiles are roughly similar for each compound
Throughout the campaign, the largest observed fluxesand approximately follow the pattern of traffic activity in the
were of methanol (average daily flux 0.95mg#fi—1), city. The absence of a clear two-peak rush hour pattern is
followed by toluene (0.68mgnfh—1) and acetaldehyde consistent with earlier COflux measurements made above
(0.65mgnT2h~1). The magnitudes of the fluxes were vari- the city of Edinburgh (Nemitz et al., 2002). One explanation
able from day to day, with much larger fluxes observed onis that rush hour behaviour tends to be more pronounced on
certain days: for example, on Wednesday 11 October emiseommuter roads, thus affecting concentration measurements
sion fluxes in excess of 3mgTAh~1 were recorded for which are influenced by air masses advected from outside of
methanol and acetaldehyde. The average daily fluxes arthe city centre. By contrast, in the central, inner city areas
shown in Table 3, which also shows data from VOC flux (the flux footprint of the tower), traffic density (and other
studies above Mexico City and Manchester. activities) increases steadily throughout the day.
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Although the fluxes of VOCs followed a similar pattern, sources are thought to have been the most likely source of
there are also differences. For example, acetone emissiothe observed fluxes, rather than individual industrial point
rates peak in the morning, whereas emission rates,ef C sources. Despite the large areas of urban parkland towards
benzenes peak in the afternoon. Some fluxes remain relahe north east (Reagent’s Park) and south west (Hyde’s Park)
tively large into the late evening (benzene, toluene and aceof the Telecom Tower no clear association was found for the
etaldehyde), while others decrease more rapidly (acetone angbtentially biogenic compounds isoprene, acetone, acetalde-
isoprene). This may be due to a change in the source mitiyde or methanol.
in the evening (e.g. larger contribution of residential heat- While wind sector dependence plots of concentrations and
ing sources; shift of the traffic composition away from heavy fluxes agreed for some compounds (acetone, acetaldehyde,
goods vehicles (as observed in traffic count data); larger fracC,-benzenes), suggesting both concentrations and fluxes to
tion of taxi journeys) or a different relative contribution of share a similar source from within the flux footprint, oth-
combustion vs. evaporative sources which respond differers did not. Wind sector dependence plots of benzene
ently to changes in the meteorological drivers (such as temand toluene fluxes for example were very similar, whereas
perature for biological and fugitive sources). their concentration polar plots showed marked differences.

Fluxes of methanol and toluene did not mirror the longer Toluene concentrations were largest towards the south west,
term variations that were observed in measurements of theiwhile the largest benzene concentrations were associated
mixing ratios. This is suggestive of emissions originating with south easterly winds. This observation is consistent with
from outside the area of the flux footprint being advectedthe changes in thB/T ratio discussed above and indicates
over the measurement site, leading to higher concentrationthat both toluene and benzene have point sources located out-
without elevated local fluxes. With an average value of 0.21,side the footprint of the tower, with differeB{T ratio.
the ratio of benzene to toluene flux is much larger than the
B/T concentration ratio of 0.08. Ratios of B/T measured 3.4 Ratios of VOC to CO — concentrations and fluxes
from vehicle exhaust are usually in the range of 0.4-0.8
(Heeb et al., 2000). Therefore, the lower values of the fluxMeasurements of CO in the urban atmosphere provide a use-
ratios observed here suggest emissions from traffic were ndul marker for anthropogenic combustion emissions. There-
the only major source of toluene within the city. Previous ur- fore analysis of the ratios of both concentrations and fluxes of
ban studies have shown significant emissions of toluene fronYOCs to CO can be useful in the determination and identifi-
industrialised areas (Karl et al., 2009) and toluene has numercation of sources. Average [VOC]/[CO] concentration (ppbv

ous anthropogenic sources including solvents, paint thinner§f VOC/ppbv of CO) ratios for this campaign and previous
and the manufacturing of ink and paints. urban studies are presented in Table 4 and the typical diurnal

pattern of the ratios are shown in Fig. 7 for each compound.
3.3 Wind sector dependence — concentrations and fluxes Additional information on the CO mixing ratios and fluxes
measured at this site is given by Phillips et al. (2010).

VOC concentration measurements are largely dependent on Ratios of benzene and>thenzenes with CO concentra-
three factors (i) emission patterns, (ii) meteorology andtions remained relatively constant throughout the daytime,
(iii) chemical processing. In contrast, VOC fluxes are pre-indicating a common source and a similar chemical lifetime.
dominantly controlled by emissions only. As a consequencefor the remaining compounds, ratios with CO all followed a
co-analysis of concentration and flux wind sector depen-similar trend, with a higher ratio during the night-time and
dence can help to identify VOC sources within or beyond mid-afternoon. The two troughs in the [VOC]/[CO] ratio co-
the flux footprint. Figure 6 shows normalised VOC concen- incide with peak traffic flows on the commuter roads outside
tration and flux wind sector dependence plots in addition toof the city centre. Explanations for these troughs may in-
a wind frequency plot for the month of October 2006. As clude the following: (i) emissions of CO may be elevated in
shown, the prevailing wind direction during the campaign congested traffic situations relative to VOC emissions (Heeb
was from the south west and therefore statistically signif-et al., 2000), or (ii) during transport the air is photochemi-
icant information cannot be given about VOC sources be-cally processed before reaching the tower and therefore the
tween 300 and 60. VOCs are depleted in relation to CO, which reacts in the at-

Wwind sector dependence plots of VOC concentrationsmosphere more slowly. The most likely explanation, how-
show considerable variation between compounds. For examever, is that some of the VOCs have additional sources that
ple methanol concentrations were largest towards the SWWare not related to combustion and that make a larger relative
whereas isoprene and ethylbenzene concentrations peakedntribution outside the rush hour periods.
for easterly wind. In contrast, polar plots of VOC fluxes The average flux ratios of VOC/CO (mole
are roughly similar for each compound and suggest similam=2h~Ymolent2h-1) differ from concentration ra-
source distributions within the flux footprint. The flux po- tios, which is an indication that some of the sources
lar plots are fairly evenly distributed across each wind sectorcontributing to the concentration measurements were located
and therefore emissions from road traffic and other diffuseoutside the flux footprint. Between the hours of 08:00 and
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Fig. 6. Normalised polar plots of VOC concentrations (red line) and fluxes (dashed blue line) for the period of October 2006, measured from

the Telecom Tower.

23:00 the ratio of VOC/CO remains relatively constant, site located on Marylebone Road. However, it cannot be
which is suggestive of a common source. However, duringruled out that the post-processing of the data also affected
the night time (00:00 to 07:00) the ratio becomes elevatedthe flux ratio. The VOC/CO flux ratio is based on paired
with more VOC flux relative to CO flux, peaking at typically measurements when the VOC flux exceeded the calculated
2 to 3 times the daytime values. This increase is likely tolimit of detection, which may have resulted in a systematical
be linked to a shift in the source mix during the night, with bias towards higher values.

heating sources and diesel taxis making a larger relative

contribution to the emissions. In addition, the characteristic3.5 VOC flux dependence on traffic activity

times for transport and chemical processing change during

night and photochemical processing of the VOCs is stronglyTraffic density data recorded on Marylebone Road (2006)
suppressed, not just due to the absence of sunlight, bufere used as a proxy for traffic activity across the whole flux
also due to the titration of ©by NO at street level as footprint and were compared with the measured VOC fluxes
reflected in ground level ozone measurements from thqFig. 8). These plots indicate a clear relationship with traf-
Automatic Urban and Rural Network air quality monitoring fic, with an increase in both VOC and CO emissions with
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period of October 2006, measured from the Telecom Tower, London (UK). Closed circles represent concentration ratios and open circles

show flux ratios.
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Table 4. Averaged VOC/CO ratios for concentrations and fluxes measured on the London tower.

Compound Londotippbv/ppby  US — Urban[ppbv/ppby  London[mole n 2 h~1/mole nT2h=1]

[VOCI/[CO] R%* [VOCJ/[CO] R? VOC/CO R2xx
Methanol 9.3k1072 0.01 - - 8.1%1072 0.42
Acetonitrile 1.9%10°3 0.85 - - 7.9%10°3 0.86
Acetaldehyde 2.3810°2 0.74 - - 2.44102 0.94
Acetone 1.0&1072 0.71 - - 1.4510°2 0.77
Isoprene 1.08103  0.43 - - 3.8510°3 0.64
Benzene 852104 0.85 7.0<100%*  0.61* 3.22x10°3 0.93
Toluene 9.7%10°3 0.05 2.%10°3x  0.44* 9.2%10°3 0.90
Co-benzenes  8.93107% 0.94 4.0<100%  0.30* 3.64x10°3 0.87

* Baker et al. (2008).
** Correlation between average diurnal plots.

increasing volumes of traffic. As the volume of traffic in-  For methanol, non-vehicle-related emissions were esti-
creases, the roads become congested and the average vemated to account for 65% of the total observed flux, while
cle speed drops from the permissible 50 km 30 mph) on  for isoprene this contribution was 47%. Identifying the non-
Marylebone road to 34 kmtt at peak times. Emissions of traffic related sources of methanol within the city was not
both VOCs and CO from vehicles increase with decreasingpossible due to the large number of potential point and dif-
vehicle speed (Heeb et al., 2000; Jensen, 1995), thereforieise sources which include both biogenic (leaf wounding,
the slower average vehicle speed, combined with increasethicrobial degradation of plant material.) and anthropogenic
“stop—start” driving conditions, explains the non-linear rise (solvents, adhesives, dyes, paints and varnishes etc.) emis-
in emissions. sions. For isoprene the task is simplified as there are just
The plots show good correlations between the measurethree dominant sources of isoprene to the atmosphere in the
fluxes and traffic activity, yet in places the fit to the data urban environment: direct emissions from vehicles, evapora-
is close to the limit of uncertainty. This is particularly no- tive emissions from petroleum products and biogenic emis-
ticeable at vehicle counts of between 300 and 330 and isions from plants. Biogenic emissions of isoprene are both
best illustrated in the plots of acetone and toluene. Vehicledemperature and light dependent (Loreto and Sharkey, 1990)
counts in this range typically occurred between 08:00 andout may also be influenced by plant phenology, relative hu-
11:00, which coincided with the breakdown of the noctur- midity and external stresses such as pollution or drought
nal boundary layer and subsequent venting of night time andGuenther et al., 2006). An attempt was made to sepa-
early morning VOC emissions. Therefore, in reality, theserate the biogenic fraction of isoprene within the city using
points may have been affected by the hysteresis between fluk years of hydrocarbon data collected between 2001 and
and traffic counts and may have had a much closer fit to the2006 by the Hydrocarbon Network monitoring station sit-
curve. Conversely, when vehicle counts are at their peak, bedated on Marylebone Road (e.g. Dumitrean, 2008). Scat-
tween 18:00 and 20:00, VOC fluxes fall below the curve. Inter plots of isoprene against benzene concentrations were
this instance the deviation from the curve would be consis-made over a range of ambient air temperature5-Q, 0—
tent with the formation of the nocturnal boundary layer. 5...30-35C) (surface temperature measurements obtained
The intercept of the curve with the zero traffic line was from the London Weather Centre — 3.1 km east of Maryle-
used to estimate the proportion of the flux not attributablebone Road). Benzene is used here as a marker of vehicle
to road traffic. For most of the VOCs measured, this fig- emissions. The intercept of the regression line was used to
ure was around 30% of the peak fluxes, indicating trafficindicate the background concentration of isoprene which was
counts to be a very good surrogate for VOC fluxes at thisnot attributable to direct emissions from vehicles, and the
site. Nevertheless, vehicle counts are not the only contributtemperature-dependent fraction [%] was calculated using this
ing factor and the average driving speed, driving conditionsvalue as a percentage of the total isoprene present (5-th—95-
and ambient air temperature are all likely to influence theth percentile range).
relative source strength of VOCs. It should also be noted In order to isolate the biogenic fraction from the evapo-
that non-traffic emissions during the day associated with anrative fraction, a similar procedure was applied to concen-
thropogenic activities could correlate with traffic and there- trations of iso-pentane, a compound that shares the same
fore may be masked by the response of the flux to the traffiawo major sources as benzene and has a similar volatility to
counts. isoprene, but importantly has no biogenic component. The
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Fig. 8. Scatter plots showing the correlations between VOC flux and measured traffic activity in London city centre (counts — Marylebone

Road). Error bars show flux measurement precision, shaded areas show the 95% confidence bands and dashed lines shoe the 95% predicti

bands.
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Fig. 10. Flux measurement based emission estimates of VOCs and
Fig. 9. Temperature dependency of isoprene (closed circles)CO from the Telecom Tower flux footprint compared with emission
and iso-pentane (open circles) concentrations, calculated usingstimates made by the NAEI for the same flux footprint area. NAEI
5 years of hydrocarbon data collected at the Marylebone Road auestimates for isoprene and acetonitrile are too small to show up on
tomatic monitoring station and temperature data from the Londonthis scale. Error bars show the standard deviation of averaged NAEI
weather centre. Error bars show the uncertainty of intercept val-grid squares and the 95% prediction band for the flux parameterisa-
ues for temperature bands5-0° C, n=114; 0-5 C, n=3405; 5- tion, where there are no error bars no estimate is given.
10° C,n=9539; 10-18C, n=12176; 15-20C, n=9340; 20-25C,
n=3171; 25-30C, n=673; 30-38 C, n=73.
from 11 source sectors. Each bottom-up estimate combines
reported emissions from point sources with estimates of area
results of both analyses are plotted in Fig. 9. Only slight in-sources, the latter calculated theoretically by multiplying
creases in iso-pentane concentrations were found relative temission factors by activity statistics. For example, the emis-
benzene at higher temperatures due to increased evaporatig@on of benzene from the road transport sector may be ex-
emissions. In contrast, the temperature-dependent fractiopressed as the amount of benzene contained in car exhaust
of isoprene was large and increased exponentially with temfor a driven km (emission factor), multiplied by the number
perature. The percentage contribution of biogenic isoprenef kilometres driven within each grid cell per year (activity
is thought to be in excess 6f80% at temperatures of 3C. statistic).
During the REPARTEE-I campaign the average temperature Emission maps are generated for total non methane hy-
was 12.2 C which, using the parameterisation from Fig. 8, drocarbons (NMHC) each year but speciated emission maps
equates to a 18% contribution of temperature controlled (orare only provided for benzene and 1-3 butadienes. For those
biogenic) isoprene. This value is not enough to resolve the/OCs not explicitly included in this activity, emission maps
47% non-traffic related sources. Therefore it is likely that were generated manually using the total NMHC emission
other compounds, such as furan and or alkenes are being derap and the VOC speciation for 2006 (NAEI Reference:
tected atm/z 69, resulting in an overestimation of isoprene 45321001/0/A0O6069/NP).
concentrations by the PTR-MS. In order to generate an annual emission estimate for each
compound that was representative of the area of our flux mea-
3.6 Comparison of measured fluxes with NAEI emission  surements, the typical flux footprint of the tower was su-
estimates perimposed onto each emission map and the entrained grid
squares averaged using a weighting factor to account for
The UK National Atmospheric Emission Inventory routinely the measured wind frequency during the REPARTEE-| cam-
generates official annual, spatially disaggregated1®m  paign. The variability (standard deviation) of grid squares
gridded emission maps for a wide range of important atmo-contained within the flux footprint was used as an estimate of

spheric pollutants. A detailed description of the method-the uncertainty in the annual emission estimate and is shown
ology used to generate these maps is given by Bush e4s error bars in Fig. 10.

al. (2006). Briefly, annual emission estimates are generated
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VOC flux measurements from October were extrapolatednot included in the NAEI for either of these two compounds
to give an annual emission estimate for comparison with theand emissions from nature are not speciated within the in-
NAEI. Previously this has been done by simply extrapolatingventory, therefore biogenic emissions, which are likely to
average daily flux measurements to give an annual estimateontribute a significant fraction of the total isoprene emis-
(Langford et al., 2009). Here, we use the equation of thesion, are not included in these NAEI emission estimates. The
line from Fig. 8 (Sect. 3.5), where VOC fluxes were plot- comparison of October surface concentrations with annual
ted against traffic density, to produce an emission estimat@verages (Sect. 3.1.2) suggests that emissions of several com-
using traffic data from Marylebone Road for the whole of pounds may have been larger during this measurement period
2006. As the parameterisation is based on a “snap-shot” ofhan at the annual average. By contrast, chemical degrada-
the total yearly fluxes, this method relies heavily on the as-tion between emission and arrival at the measurement height
sumptions that (i) vehicle emissions account for the bulk ofwas not taken into account explicitly and would lead to an
the VOC emissions within the city, (ii) the observed traffic underestimation of the true surface emission, especially for
density is representative of traffic activity occurring through- the more reactive compounds (isoprene and acetaldehyde).
out the flux footprint and (iii) that there is little or no seasonal
variation in the emission of VOCs. This last assumption has ,
been shown to be untrue for some of the measured VOC witfh ~ €onclusions
the.co_ntr|but|on frpmfugmve emissions and cold start engmeTraﬁic within the city has been shown to be the primary
emissions changing throughout the year, but no correction -
. source of VOC fluxes to the atmosphere within central Lon-
has been applied here. . . o .
\ : : don, but its relative contribution varies from compound to
The traffic density data set was not continuous over the . .
) 7 : : compound and also temporally, with changes occurring from
whole year; therefore, missing sections were filled by re-

peating data from the equivalent lane of traffic. Where nohour to hour and in the case of isoprene from season (o

equivalent data were available, data were taken from the pre§eason. It is thought that the relative source strength also

vious year's data set, taking care to match both time of dayvanes, with vehicle counts just one of many variables, in-

and day of week. In total less than 20% of the traffic data setCIUdmg air temperature (increased emissions from cold starts

was filled in this way. vs. increased fugitive emissions), driving conditions (start—

Emission esimates for each of the measured VOCs and (10 T M0EReT SR vl Shees (el e
CO are shown in Fig. 10 alongside estimates made by th g P P

NAEI for the same footprint area. Measured flux estimates?range of fu_el/englne types).
The ambient air temperature has also been shown to play

are larger than NAEI estimates for all compounds with the __. . o :
; . an important role in the emission rates of certain VOCs. Iso-
exception of benzene which compared very closely. The

discrepancy between inventory and flux estimates range(lj)rene concentrations in the city, for example, are highly de-

from a few percent in the case of benzene to several or_pendent on the ambient air temperature, with biogenic emis-

ders of magnitude for both isoprene and acetonitrile. In>'oNs: most probably originating from the large areas of ur-

L . ; ban parkland within the city, thought to contribute as much
general, emission estimates of the aromatic compounds

) : ,
o S ey ean Sy 1230 o ot bprar corcntsons o e
Co-benzenes (2.2 tknf yr—1), compared most closely with Y 9 P

. - 30° C. Such information may be significant in aiding our
the NAEI and on average were 1.4 times greater. Similarly, ; o . .
21 . “'understanding of VOC precursor emissions associated with
fluxes of CO (329 tkm<yr—*) were very close to NAEI esti- . . )
. ; .. photochemical pollution episodes
mates with less than 10% difference between the two. This i
: . .~ The close agreement between flux measurements and the
consistent with the close agreement between the NAEI emis: : p ,
) , . NAEI for the aromatic VOCs and CO show the “bottom-up
sions figure for CO and airborne boundary layer budget Me&;, entory approach to be effective for air pollutants whose
surements (Polson et al., 2010), and the agreement between y app P

city-scale CO flux measurements and the NAEI in Edinburgh?r:rl]sss'gPtsoe:rio?ﬁtTJ 'Qt?ct)?]()j \%Igﬁ ea?er tt\),Z)ct)hs\c/)vuerI(I:euSn((er%tc:ggd
(Famulari et al., 2009; Phillips et al., 2010). P

The difference between flux derived estimates and N AEIand accurately characterised within the inventory. For oxy-
was considerably larger for the oxygenated VOCs aC_genated compounds such as acetaldehyde or acetone, emis-
etaldehyde (5.28tkm?yr—1), acetone (4 4Otkmzyr—15 sions can originate from a multitude of point and diffuse

and methanol (8.77 tknfyr—1), whose estimates differed Sources |nc_|u_d|ng paints, sol\_/ents_ a_nd cle_amng products
which are difficult to characterise within the inventory, and

from a similar comparison made in Manchester by Lan _%hese appear to be grossly underestimated by the official
P y 9" emission inventory. For many other VOCs, including ace-

ford et al. (2009) as part of the same CityFlux project. Flux tonitrile, major sources have yet to be identified and included

estimates of isoprene (1.07 t kfhyr—1) and acetonitrile o . o .
2.0 1 . within the inventory making “top-down” flux measurements
(1.22tknT=yr—+) were many times larger than those pre- essential

dicted by the NAEI. Emissions from the transport sector are
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