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3. Findings from field projects 

3.1. Urban studies 
As discussed in section 1.1.1., urban areas are of particular interest for aerosol 

science, both from a human health point of view and due to the fact that they represent 

significant sources of many types of particles. Hygroscopic tandem differential mobility 

analyzers (HTDMAs) and other particle hygroscopic growth measurement techniques 

have been used to show that in the urban environment, aerosol are typically externally 

mixed, with the particles displaying two separate modes of ‘less’ and ‘more’ 

hygroscopic particles [e.g. McMurry and Stolzenburg, 1989]. The less hygroscopic 

particles are those that exhibit little or no growth when exposed to a high relative 

humidity (RH) (typically 80-90 %) and those in the submicron regime are thought to be 

mainly composed of hydrophobic chemicals such as water insoluble organic compounds 

and soot [McMurry et al., 1996]. More hygroscopic particles grow by a larger factor 

(e.g. 1.38-1.69 for 35-265 nm particles at 90 % RH [Swietlicki et al., 1999]) and have 

been shown to contain inorganic chemicals such as nitrate, sulphate, sodium and 

potassium and sometimes, organic carbon as well [McMurry et al., 1996]. 

Measurements in Pasadena, California by Cocker et al. [2001] have shown this two 

mode model to be somewhat simplified, as a range of hygroscopic particle growth 

behaviours was observed, showing that there may be many different types of particle 

present in a given urban environment. For example, there are other particle types that 

exhibit low growth factors such as dust particles, but these tend to occupy the coarse 

mode. 

As stated in section 1.1.1.1., environmental monitoring and compliance is 

normally based around the gravimetric mass concentration of particles in the 

atmosphere (the PM10 standard). However, this is widely believed to be an over 

simplistic method of measurement, as there are many different sizes and compositions 

present, with some debate over which are the most important qualities regarding health 

effects. It is with a view to understanding these aspects of aerosol composition and the 

processes that govern them that UMIST has deployed an AMS in various urban 

environments. The findings from four such deployments are presented here. The three 

UK studies (SASUA 3 and the two Manchester studies) were originally presented in 

Allan et al. [2003b], while the fourth (Pacific 2001) was presented in Alfarra et al. 

[2004]. 
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3.1.1. SASUA 3, Edinburgh, November 2000 

3.1.1.1. Deployment 

Calton HillCalton Hill

 

Figure 3.1.1.1.a. Location of the SASUA 3 sampling site within Edinburgh. Note 

the major road to the west and the marine sector to the north and east. 

The instrument was deployed in the city of Edinburgh, UK from the 31st of 

October until the 10th of November 2000.  The AMS was housed in the Observatory 

House on Calton Hill (55.955 °N, 3.184 °W), close to the centre of the city and about 30 

m above street level, during the third experiment of the Sources And Sinks of Urban 

Aerosol (SASUA) project. The aim of the project was to study the production, 

processing and fate of aerosol in the large-scale urban environment. A more detailed 

description of the site and the project is given by Dorsey et al. [2002]. The inlet 

comprised of a gauze-covered, upturned funnel at the sample end of a 2 m long, 6.35 

mm ID tube. The AMS ran almost continuously with short downtimes for calibrations 

and averaged data were recorded every 30 minutes. A map of the locale is shown in 

figure 3.1.1.1.a.  

Note that for the following results, a collection efficiency (CE) for all the 

particulate matter has been applied, as is described in section 2.4.2.5. For nitrate, 
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sulphate and ammonium, a CE of 0.5 has been assumed, as this has been the most often 

reported figure for accumulation mode particles based on external comparisons and 

temperature cycling studies. However, The value for the organics has been taken to be 1 

because as will be discussed later, a large fraction of organics is in the form of vehicle 

exhaust particles, which are different in nature. A representative collection efficiency 

value for these types or particles is, at the time of writing, awaiting a definitive 

evaluation. Therefore, the organic loadings reported in this chapter (3.2.) should be 

taken to be a lower limit of the true value. 

3.1.1.2. Results 
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Figure 3.1.1.2.a. The mass concentrations reported from SASUA 3, divided into 

wind sectors. 

The time series of the total loadings derived from MS mode are shown in figure 

3.1.1.2.a and can be divided into three main periods. In the period from the start of the 

experiment to the 6th of November, the local wind advected air mainly from the centre 

of the city to the site. The measured aerosol mass was dominated by organic 

compounds, with an average concentration of 1.08 µg m-3, but some sulphate, nitrate 

and ammonium were also present with average concentrations of 0.46, 0.40 and 0.28 µg 

m-3 respectively. On the 6th of November, the conditions changed and the air principally 

came from the north and east, where the sampled air arrived from over the North Sea. 

During this period, the nitrate loading dropped to about 0.07 µg m-3, while the sulphate, 

organics and ammonium remained significant at around 0.49, and 0.47 and 0.20 µg m-3 
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respectively. On the 9th of November the wind direction had shifted to the west, so the 

fetch was again over land and the nitrate loadings increased. 
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Figure 3.1.1.2.b. Mass spectrum of the firework particles 

Of particular note is the night of the 5th of November, when the measurement 

site was directly downwind of a very large firework display at the Meadowbank stadium 

in Edinburgh, which resulted in a number of unusual signals in the mass spectrum, as 

shown in figure 3.1.1.2.b. An examination shows very high signals due to potassium, 

sulphate and organics, which compares well with similar measurements and analysis of 

pyrotechnically derived aerosol performed by Liu et al. [1997] using an aerosol time of 

flight mass spectrometer (ATOFMS). Note that potassium has an unrealistically large 

signal, approaching that of the gas phase oxygen, due to these ions being surface ionised 

on the vaporiser rather than by EI. 
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Figure 3.1.1.2.c. Size-resolved mass concentrations from SASUA 3. 

The dM/dlog(Dva) distributions as a function of time derived from the analysis of 

the time of flight mode data are shown as a colour image plot in figure 3.1.1.2.c. The 

time series of the sulphate distribution shows that for the first period of urban air, the 

mass mode is at an aerodynamic diameter of about 400-500 nm. During the marine 

period, the mode centre drops to 300-400 nm, while during the final urban period it 

reduces further to 200-300 nm. The nitrate distribution is much broader and has a 

varying peak location, but the mode generally spans between 100 and 600 nm. The 

organics exhibited two modes, which as will be explored in more detail in section 

3.1.5.1., is a common feature in urban environments. The smaller diameter mode 

occurred typically between 100 and 200 nm, stretching down to about 70 nm. The lower 

end of the distribution is probably more indicative of the size cutoff of the aerodynamic 

lens used in this study rather than the ambient distribution itself, due to the low focusing 

efficiency of particles of this size (see section 2.2.1.1.). The second mode occurred at 

the same aerodynamic diameter as sulphate. The organic distributions tended to be very 

broad, often reaching 1 µm. However, information on organic distributions from this 

campaign is limited because few m/z channels were being scanned in TOF mode. Also, 

the heater was operated at a high temperature of approximately 950 °C, resulting in 

excessive decomposition of organic molecules on the surface of the heater, causing 

information on the nature of the parent molecules to be lost. 
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3.1.2. UMIST, Manchester, January 2002 

3.1.2.1. Deployment 

The Manchester January 2002 sampling, originally presented by Allan et al. 

[2003b], was an exercise designed to repeat the measurements taken in June the 

previous year (see section 3.2.3.), with a view to comparing the summer and winter 

aerosol climatology in Manchester. These results are presented first because they are 

similar to the SASUA 3 results, being the ambient wintertime aerosol composition in a 

UK city. 

Ambient air was sampled through a standard PM10 inlet on the roof of the 

University of Manchester Institute of Science and Technology (UMIST) main building, 

a site used previously by Williams et al. [2000], approximately 30 m above street level 

and located near the city centre of Manchester, UK (53.476 °N, 2.234 °W). The inlet 

was approximately 2 m above roof level and was connected to the instrument via a 25.4 

mm internal diameter stainless steel tube approximately 7 metres long. The inlet flow 

rate was nominally 17 l min-1, which was sub-sampled and introduced into the AMS 

through a 2.8 mm internal diameter stainless steel tube. A TSI model 3025a uCPC was 

run concurrently and a suite of permanently deployed meteorological instrumentation 

was maintained on the same rooftop. This included a Gill Solent sonic anemometer 

(Lymington, UK), a Vaisala temperature and humidity probe (Helsinki, Finland), a 

Didcot tipping bucket rain gauge (Abingdon, UK) and a Skye silicon photocell 

pyranometer (Llandrindad Wells, UK). Gas measurements were provided by an 

automated Department of the Environment, Transport and the Regions monitoring site 

on the roof of Manchester Town Hall, located approximately 0.75 km away in the city 

centre (53.479 °N, 2.244 °W), also 25 m above street level. 

The AMS was operated at the same sampling point as the June Manchester 

deployment from the 17th to the 28th of January 2002. The sampling time was 15 

minutes and a software failure on the 26th of January caused an interruption in data 

collection. The problem was detected and logging resumed the following day. 
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Figure 3.1.2.2.a. Mass concentrations from Manchester winter sampling, with 

other supporting measurements. 

3.1.2.2. Results 

The time series of total mass and mass distributions as a function of particle 

aerodynamic diameter are presented in figures 3.1.2.2.a and 3.1.2.2.b, together with 

measurements of ambient temperature and horizontal wind speed and NOx and CO 

molar mixing ratios. These results display some similarities with the Edinburgh dataset; 

the mass concentrations were slightly higher, though rarely above 2 µg m-3, except 

during some particular organic events, corresponding with periods of low wind speeds 

and high CO and NOx. There is a persistent mode at around 400-500 nm, which is 

observed in nitrate, sulphate, ammonium and organics.  

Frequently, an additional mode of diameter 100-200 nm was present in the 

organics only. This mode extended down to about 30 nm, which is the lower limit of the 

aerodynamic lens used during this measurement period (see section 2.2.1.1.). This mode 

is very strongly correlated with CO and NOx, which themselves are well correlated 

within this campaign (r=0.79, see next paragraph) and are normally independent of 

wind direction (D.W.F. Inglis, UMIST, personal communication 2002.). These are good 
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tracers for transport-related emissions; the UK Air Quality Statistics Database and 

National Atmospheric Emissions Inventory (NAEI) lists that during 2001, transport was 

the producer of 62 and 50 % of CO and NOx respectively on a national level and 98 and 

73 % of the emissions within Manchester. 

 

Figure 3.1.2.2.b. Size-resolved mass concentrations from the Manchester winter 

sampling. 

Linear covariance analysis [eqn. 14.5.1, in Press, 1992] was performed to 

quantitatively compare the data sources and determine which components were most 

closely linked in the time series. The linear covariance, sometimes known as Pearson’s 

r, for two data series is a measure of correlation between them where 1 is complete 

correlation, -1 is complete anticorrelation and 0 is no overall correlation. This is 

completely independent of the units of the two data series and they do not have to be 

matched. 

The integrated particulate organics of vacuum aerodynamic diameter less than 

200 nm were compared with the CO and NOx concentrations. These comparisons had 

Pearson’s r values of 0.65 and 0.77 respectively. By performing a linear regression 

against the NOx mixing ratios (figure 3.1.2.2.c), the slope was found to be 0.0342 µg 

m-3 ppb-1 and the intercept –0.27 µg m-3. If it can be assumed that the majority of NOx is 

primarily emitted by traffic in the form of NO a mass emission ratio of 0.0279 for 
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particulate organic matter to NOx is found for Manchester traffic, meaning that organic 

particulates can be estimated as follows: 

xNOorgP EE 0279.0)( »      (3.1.2.2.i) 

where EP(org) and ENOx are the transport sector mass emissions of particulate 

organics and NOx respectively. Applying this to the 2001 inventory data from the 

NAEI, this corresponds to an estimated emission rate of 2.37 tonnes km-2 year-1 of 

particulate organics from transport in Manchester. This is of a similar order as the NAEI 

quoted PM10 emission rate of 5.9 tonnes km-2 year-1 from Manchester transport and it 

would be reasonable to assume that much of the difference is made up of elemental 

carbon and dust. Based on the national inventory, this also translates to a national 

primary organic emission rate of 2.34×104 tonnes year-1 from the transport sector, 

assuming that the emissions of Manchester city centre traffic are representative of the 

country as a whole. A similar fit to CO data gives a slope of 3.74 µg m-3 ppm-1, an 

intercept of –0.33 µg m-3 and a mass emission ratio of 0.00284. When applied to the 

inventories, this gives slightly different estimates for the emission rates for Manchester 

(1.2 tonnes km-2 year-1) and nationally (6.59×103 tonnes year-1) to those derived for 

NOx, although they are of the same order. 
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Figure 3.1.2.2.c. Comparison of the small diameter mode organics with the 

ambient NOx concentrations. 

During some periods, the nitrate and sulphate distributions also exhibited an 

additional mode at a lower diameter than the usual accumulation mode, which is not 

observed with these species at other times. These events normally occurred during 

periods of reduced temperatures and low horizontal wind speed. A graph comparing one 
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such period (17:15 17/01/02 to 15:15 18/01/02) with a period of significant and steady 

local wind (04:09 23/01/02 to 07:31 24/01/02) is shown on figure 3.1.2.2.d. During the 

stagnant period, little mixing occurred and a stable layer formed over the city, retaining 

urban emissions of gases and particles. It is conceptually possible that the observed 

differences to the usual traffic particles may be due to the presence of a different type of 

emission during these periods that has yet to be identified but it is more likely that the 

existing small organic particles are being processed in situ. The observed changes in 

species mass loadings and size distributions may be explained to some extent by gas to 

particle conversion. Ammonium has not been included in this comparison due to the 

low signal to noise ratio. 
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Figure 3.1.2.2.d. Comparing the size-resolved mass concentrations of high wind 

and low wind scenarios. 

3.1.3. UMIST, Manchester, June 2001 

3.1.3.1. Deployment 

The AMS also ran from the 14th to the 25th of June 2001. The averaging time 

was 30 minutes and there were brief downtimes on the 17th and 21st of June due to 

recalibrations. Also, the older design of lens was used, with the 70 nm cutoff. Other 

than these, the experimental setup was identical to that of the January 2002 deployment. 

3.1.3.2. Results 

The results from the June experiment in Manchester are shown on figures 

3.1.3.2.a and 3.1.3.2.b. 
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Figure 3.1.3.2.a. Mass concentrations from the Manchester summer sampling, 

with supporting data. 

The nitrate and sulphate loadings are significantly higher than in the other 

datasets, frequently reaching 6 µg m-3 or higher. During periods when the nitrate and 

sulphate loadings are above 2 µg m-3, the main peak in the accumulation mode typically 

occurs at a vacuum aerodynamic diameter of 700-800 nm. This is significantly larger 

than the particles observed in Edinburgh or Manchester during the winter. When the 

nitrate and sulphate loadings are below 2 µg m-3, their main mass mode occurs at 

approximately 500-600 nm. The average particle number concentration in the summer 

experiment as measured by the uCPC was almost identical to the January levels (1.63 x 

104 cm-3, compared to a winter average of 1.62 x 104 cm-3), confirming that the extra 

mass was due to the increase in size of the particles, rather than particle number. 
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Figure 3.1.3.2.b. Size-resolved mass concentrations from Manchester summer 

sampling. 
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Figure 3.1.3.2.c. Comparison of two periods, based on the amount of particulate 

activity. 

There were occasions when the sulphate levels were elevated for extended 

periods of time, most notably around the 14th to the 16th and the 22nd to the 24th of June. 

These contrast with a period from the 18th to the 20th June, where the mass 
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concentrations were much lower. The mass distributions are compared in figure 

3.1.3.2.c. The sulphate mode increases in diameter from approximately 500 nm to 800 

nm and the corresponding modes in the organics and the nitrate do likewise. The 

chemical masses of the modes also increase significantly. The back trajectories in figure 

3.1.3.2.d show that the former period coincided with air that had travelled across other 

areas of Britain, picking up much pollution. The time taken for SO2 to covert to sulphate 

will be very short in the presence of non-precipitating cloud [Chandler et al., 1989], 

which was present over the region on these days (this was confirmed by the 

pyranometer and rain gauge data). The NAEI listed three SO2 point sources to the south 

of Manchester in the West Midlands that emitted in excess of 26,000 metric tons a year, 

one of which emits more than 50,000 tons a year. There were 11 point sources that emit 

greater than 50,000 tons a year to the east. During times of low sulphate levels, the air 

typically came from over Wales and other areas to the west, where there are no 

significant point sources listed. 
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Figure 3.1.3.2.d. The back trajectories of the ‘clean’ and ‘polluted’ periods. 

The organic fraction again exhibited a smaller mode at around 100-200 nm. 

However, as the main accumulation mode is shifted to a much higher diameter, it is now 

clearly a distinct mode. Like the January sampling period, the smaller mode is greatest 

during periods of low wind speed, meaning that it is most likely due to the build up of 

primary vehicle emissions. 
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Figure 3.1.3.2.e. The major event observed on the 24th and 24th of June. 

The largest particle event occurred from 23:00 on the 23rd of June until 11:00 on 

the 24th. Figure 3.1.3.2.e shows the mass distribution compared with that immediately 

prior. During this period, the temperature was low and the horizontal wind speed was 

negligible, implying that the air was stagnant in a relatively small surface layer over the 

city. This also occurred during a period when there was an abundance of 700 nm 

particles, mainly composed of sulphate. The total nitrate loading increased from 2 µg 

m-3 to peak at 14 µg m-3 and the organics rose from 3 µg m-3 to peak at 8 µg m-3. The 

sulphate loading remained stable at 5 µg m-3. During the increased nitrate and organic 

activity, the main mode increased in diameter slightly to 800 nm. The organics 

manifested a smaller mode at 100-200 nm, but the majority of extra nitrate and organic 

mass was present in the larger mode. The addition of this mass was either due to a local 

source of new particles or the condensation of gas-phase material onto existing 

particles. The fact that the three chemical species share the same approximate modal 

diameter with similar mode shapes suggests the latter. 

The general assumption that the nitrate, sulphate and organics are internally 

mixed in the higher mode for the entire campaign can be tested by looking at the mass 

modal diameter as a function of time. A lognormal fit was performed to 6 hour rolling 

averages of all three mass distributions, discounting all the mass below 300 nm (the 

high separation of the modes during this sampling period allowed this) and data series 

generated for the mode diameters as a function of time. Outliers of <400 or >1500 nm 

were discounted as bad data, as were points where the peak height was less than 1 µg 

m-3. However, even with these filters, the data series still contained a lot of random 
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noise, especially that of the organics. The mean diameters of the nitrate, sulphate and 

organic modes were 697 ± 96 nm, 657 ± 125 nm and 619 ± 101 nm respectively which 

are very similar. 

Linear covariance analysis (see section 3.1.2.2.) was performed to see if the 

temporal variations of these modes bore similarities. Despite the noise on the data 

series, positive covariance was found between the log10 diameters of the nitrate and 

sulphate modes (r=0.62) and the organic and sulphate modes (r=0.33), showing that the 

mode diameters were not independent. While the results arising from the AMS alone 

cannot conclusively prove that the nitrate, sulphate and organics are internally mixed, it 

does present strong evidence to support this hypothesis. 

3.1.4. Pacific 2001, Vancouver, Canada, August 2001 

3.1.4.1. Deployment 

Slocan 
Park
Slocan 
Park

 

Figure 3.1.4.1.a. Location of the measurement site during Pacific 2001. 

The Pacific 2001 project was an Environment Canada study designed to assess 

the factors affecting the air quality in the Lower Fraser Valley area of British Colombia. 

This area contains the city of Vancouver and also receives pollution from industrial 

sources in the state of Washington. This air frequently stagnates within the region due to 

inversions forming at night. As a result, the entire Lower Fraser Valley suffers from 

persistent smog and the visibility and health issues that are associated with it. During 

the experiment, several measurement platforms were operated throughout the area, 

including ground-based field sites and an aircraft. 



126 PhD Thesis 2004 

 James D. Allan 

As part of the experiment, an AMS was deployed at the Slocan Park site in 

Vancouver (49.242 °N, 123.049 °W), close to the primary sources of urban pollution. 

While Vancouver is a coastal city, the sampling site was located a few kilometres inland 

(figure 3.1.4.1.a). Air was sampled through a 2.5 µm cutoff cyclone, located about 5 m 

above ground level. The instrument ran from the 11th to the 24th of August PST, with 

some brief downtime on the 16th and 17th. Unfortunately, a software error caused some 

of the TOF data from the first half of the experiment to be unusable. The deployment 

and results from this experiment are discussed in more detail by Alfarra et al. [2004]. 

3.1.4.2. Results 
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Figure 3.1.4.2.a. Mass concentrations recorded during Pacific 2001. 

The overall aerosol climatology was dominated by organics, with some 

contribution from the inorganic species at concentrations similar to those observed in 

the UK (figure 3.1.4.2.a). The organic loadings were particularly high during the initial 

period up until the 16th, which will mainly be a direct result of the fact that the sky was 

particularly clear during this period, so any photochemical production of secondary 

organics will have been enhanced. During the latter half of the experiment, the sky was 

much more clouded, and there was also occasional rain, causing particle loss by 

washout. Unlike Manchester, there were no significant terrestrial sources upwind of 

Vancouver, so the aerosol imported to the region will be the relatively clean air from 

over the Pacific Ocean; the significant sulphur point sources south of the border in 

Washington State did not appear to impact the site during the measurement period.  
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Figure 3.1.4.2.b. Size-resolved mass concentrations observed during Pacific 2001. 

Several sections within the first few days of the experiment had to be removed 

due to thermal variations causing drifts in the m/z calibration of the mass 

spectrometer, which caused an irrecoverable loss of TOF data. 

The traffic emission mode, like Manchester and Edinburgh, was particularly 

prevalent (figure 3.1.4.2.b). However, this fraction of the particle loadings exhibited a 

different diurnal cycle to that seen in the other cites. Instead of being linked to the total 

traffic activity, the organic mass loadings peaked consistently during the night. This is 

due to a boundary layer effect; during the night, a low inversion forms over the city, 

reducing the height of the planetary boundary layer and the mixing volume for the 

emissions produced within the city. This means that while the actual emission rate of 

organics during the night may be lower than during the day, they become more 

concentrated at the surface. 

3.1.5. Urban discussion 

3.1.5.1. Bimodality of urban aerosols 
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Figure 3.1.5.1.a. Comparison of the size-resolved distribution of the various 

organic fragments from the Manchester summer sampling. 
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Figure 3.1.5.1.b. Comparison of the size-resolved organic fragments for the 

Manchester winter sampling. 

All of the above results show a common feature in that the urban submicron 

particulates exist in a bimodal distribution, a lower diameter mode with a peak between 

100 and 200 nm and a higher diameter accumulation mode, with a peak at 300 nm or 

higher. However, this is not equally represented in the different m/z channels. An 

example from the summer Manchester sampling is shown in figure 3.1.5.1.a. The 

relative sizes of the two modes vary between the organic m/z channels, ranging from the 

two modes being roughly equal for m/z 57 and 55, the higher diameter mode being 

significantly larger for m/z 43, to the smaller being virtually non-existent for m/z 45 and 

44. When the analysis is repeated for the winter Manchester data, two modes also exist 

with a similar pattern in the relative signal sizes of the m/z channels 3.1.5.1.b. However, 

due to the lower diameter of the larger mode, the two modes are less distinct. 
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A summation of two lognormal distributions was used to model these observed 

distributions and a non-linear least squares fit used to calculate areas under the 

individual modes, which are representative of the mass loadings.  A summary of the 

relative sizes of the fitted peaks is shown in table 3.1.5.1.I. These ratios are that of the 

lower diameter modes compared to the higher diameter modes. The lower ratios during 

the summer are indicative of the fact that the second, larger mode bears more mass 

during this sampling period, as will be discussed later. It appears that oxidized organics 

and inorganic species are dominant in the larger mode, while non-oxidized organics 

have a larger presence in the smaller mode. When comparing the oxidized organic ratios 

with the non-oxidized, it appears that the effect is more pronounced during the summer. 

This implies that the oxidized organics have a greater relative mass concentration during 

this season. 

Peak Ratios m/z Source 
January June 

30 Nitrate 0.34 
46 Nitrate 0.42 

0.08 

48 Sulphate 0.19 
64 Sulphate 0.16 

0.01 

98 Sulphate & Organics 0.81 - 
15 Ammonium 0.49 0.09 
36 Chloride 0.34 0.10 
41 Organics & Oxidised Organics 2.46 0.80 
43 Organics & Oxidised Organics 2.23 0.52 
44 Oxidised Organics 1.30 0.12 
45 Oxidised Organics 1.16 0.12 
55 Organics 3.59 0.92 
57 Organics 5.31 1.39 
69 Organics 3.89 1.21 
71 Organics 8.00 1.49 
83 Organics 4.95 1.23 
85 Organics - 1.29 

 
Table 3.1.5.1.I. Output of the peak fitting exercise, comparing the lower and 

higher diameter modes for the Manchester summer and winter sampling periods. 

The separation of the two modes, especially in summer, is in part because of the 

aerodynamic sizing, which depends on both particle diameter and density. If the 

accumulation mode particles consist mainly of chemical species such as ammonium 

nitrate or sulphate, its density will be greater than if its main constituents were organic 

compounds. McMurry et al. [2002] also found by combining a HTDMA with an aerosol 

particle mass analyzer, ‘more hygroscopic’ ambient particles tend to be of a higher 

density than the ‘less hygroscopic’. It is also known that the ‘less hygroscopic’ particles 
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tend to be very irregular in shape [McMurry et al., 1996; Weingartner et al., 1995], so 

will probably be less aerodynamic compared to ‘more hygroscopic’ particles. These 

factors mean that an external mixture of organic and inorganic particles of similar 

geometric diameter will produce two distinct modes in aerodynamic diameter space. 

The fact that at any one time, the mass modes of nitrate, sulphate and the larger organics 

occur consistently at the same aerodynamic diameters, when a change in composition 

would cause separation of the modes due to changes in density, implies that they are 

internally mixed. If the particles were externally mixed but had a high water content, 

they would conceivably have a similar density but they are not expected to have the 

same modal diameter at a given humidity, as their hygroscopic properties are likely to 

be different. In addition, some of the water is likely to be lost in the low pressure of the 

lens before sizing occurs. Note that the typical relative contributions of the different 

chemicals to the higher mass mode do not vary greatly between summer and winter, so 

the seasonal change in the aerodynamic diameter of this mode is a not merely a 

reflection of the changes in the density of the particles. 

3.1.5.2. Traffic emissions 

The size and nature of the 100-200 nm mode in all three campaigns appears to 

be consistent, being a mode composed of hydrocarbons that can be linked to traffic 

emissions. Particles freshly emitted from engines are generally hydrophobic 

[Weingartner et al., 1997], so this corresponds to the ‘less hygroscopic’ mode 

commonly observed in urban environments with HTDMAs. There are numerous other 

studies that support the observations discussed: Canagaratna et al. [2004] found similar 

particles using an AMS deployed on a mobile platform, sampling the exhausts of buses 

in New York. They also found that the mass spectrum obtained from these particles 

corresponded well with that of particles produced in the laboratory made from diesel 

lubricant, as will be discussed in section 3.3.1. Sakurai et al. [2003] concluded that 

particles produced from a diesel engine were at least 95 % lubricating oil when analysed 

with a TDPBMS (see section 1.2.4.2.). Kleeman et al. [2000] studied motor vehicle 

emissions using an OPC, a DMA and a MOUDI, in which different engine types 

produced a mode at 100-200 nm, consisting mainly of OC. They found diesel engine 

emissions also contained a significant portion of EC, but the AMS was not expected to 

observe this component, as the heater will not have been hot enough to vaporize it. They 

found that the particles of mobility diameter 25-60 nm were mainly composed of 
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hydrocarbons, originating from unburned fuel and lubricating oil. Finally, Williams et 

al. [2000] found that Manchester ambient particle number concentrations of the size 

range 100-500 nm to be linked to traffic activity.  

The in situ ageing of the particles in the lower mode observed is of particular 

interest. Weingartner et al. [1995] found that over a period of hours, the growth factor 

(when exposed to 90 % relative humidity) of combustion-produced particles in a 

controlled environment gradually increased. It is known that after sufficient ageing, 

particles in polluted air no longer exhibit a ‘less hygroscopic’ mode when analyzed with 

a HTDMA [Swietlicki et al., 2000]. The implication is that the process observed is the 

initial stages of the particles being transformed into those like the older, higher diameter 

mode particles, containing significant inorganic and oxidized organic mass. 

3.1.5.3. Accumulation mode behaviour 

The observed particles of the larger diameter mass mode appear to consist of 

inorganic and partly oxidized organic chemical species. There is much variation in the 

size and nature of these particles, both within sampling periods and when comparing 

different periods. The fact that the modes of the different species consistently occur at 

the same diameter suggests that they are internally mixed. This agrees with Liu et al. 

[2000], who observed organic material internally mixed with fine nitrate aerosol with an 

ATOFMS. During the Manchester summer campaign in particular, the size and mass 

concentration of these particles increased dramatically compared to the winter, implying 

that there was a greater availability of the precursor species. This will definitely be true 

of species such as secondary organic compounds, as many of these are produced 

through series of reactions that are dependent on sunlight. The presence of signals at m/z 

44 and 45 in this mode, which are indicative of oxidized organic species (see section 

2.5.1.), supports the assumption that these chemicals are present in this mode. Also, the 

averaged ratio of the m/z 43 and 57 signals from MS mode is larger during the summer 

(2.34, compared to 1.88), which qualitatively suggests that oxidized organic chemicals 

represented a larger fraction of the total organic mass concentration. The initial sources 

of the particles appear to be external to the cities, but sources within the cities may add 

to the mass of the mode. 

A major difference between the accumulation mode behaviour of Vancouver and 

Manchester is that during the Pacific 2001 sampling period, no large sulphate episodes 

are seen; instead, the mass concentrations remain relatively constant during the 
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experiment. The size of the particles is also smaller than was observed in Manchester 

during the summer. This is consistent with the idea that in all these cases, the sulphate 

mass observed is dictated by regional, rather than local sources. While there may be 

plenty of sources of SO2 within the region of the city, it does not have time to convert to 

sulphate and affect the particulate loadings before it is exported. Boudries et al. [2004] 

reported higher sulphate mass concentrations (>4 µg m-3 during some events) at the 

Langley site, located approximately 50 km further inland to the east, during the same 

period. This increase in loading appeared to be due to emissions from industrial sources 

from the south that did not impact Vancouver itself. 

As the measurements at the Slocan Park site did not appear to have been 

significantly affected by terrestrial sources external to the city during the measurement 

campaign, the majority of the sulphate seen in Vancouver is likely to have originated 

within the Pacific MBL, through the processes described in section 3.2. A notable 

exception is an episode on the night of the 19th-20th of August, when two plumes of 

organics and sulphate were observed as clear spikes. The particle distribution was 

bimodal at the time (figure 3.1.5.3.a) and the source has been linked to cruise ships 

leaving the harbour to the north [Brook et al., In preparation]. Ship diesel engines are 

subject to less regulation than those of motor vehicles, and are significant sources of 

pollution. 
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Figure 3.1.5.3.a. An isolated incident from Pacific 2001 where evidence of a local 

source of particulate sulphate (shipping) was observed. 


