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SUMMARY

· PM10 and PM2.5 data from manual filter-based Partisol are examined for 7/8 sites in the UK with different characteristics.

· PM2.5 concentrations measured in the different urban background sites are more homogeneous than PM10 concentrations. Due to substantial local influences, PMcoarse concentrations show larger inter-site differences which are largely responsible for inter-site differences in PM10 concentrations. Statistically significant and good inter-site correlations are found for PM2.5 for the sites located in England. These results indicate the role of a regional background of PM2.5 and similar regional meteorological influence.

· The fine fraction of particulate matter does not always constitute the major part of the PM10 mass. At some sites, the coarse fraction of particulate matter dominates.

· Each of PM10, PM2.5 and PMcoarse are substantially elevated at the roadside site of Marylebone Road (roadside site) than in the urban background sites. About 37% of the daily PM10 concentrations measured at Marylebone Road are above the daily standard of 50 g m-3. In Marylebone Road, the PMcoarse fraction is important and both PM2.5 and PMcoarse contribute together to values above the 24-hour standard. Local vehicle exhaust and non-exhaust emissions are responsible for very high concentrations at this site.

· Port Talbot (industrial site) and Belfast (urban background) have higher PM10 concentrations than Birmingham (urban background), London North Kensington (urban background) and Glasgow (urban background). Port Talbot and Belfast have particular patterns. For more than 1 day out of 10, daily PM10 concentrations measured at these two sites are above the 24-hour standard of 50 g m-3 and for more than 75% of the PM10 concentrations exceeding 50 g m-3, the coarse fraction is the main contributor to the exceedence.

· Belfast PM10 appears to differ from the other central urban sites, having a higher proportion in the coarse fraction of particles.

· Port Talbot PM10 concentrations are influenced by major industrial processes ( an iron and steel plant and a coke oven). Those emissions are dominated by the coarse fraction of particles.

· For more than 75% of the 24-hour PM10 concentrations exceeding 50 g m-3, the PM2.5 fraction is the main contributor to the PM10 concentrations in Birmingham Centre, London North Kensington, Harwell and Glasgow.

· Interestingly, the coarse fraction of PM10 contributes a considerable proportion of the PM10 mass for the sites showing the highest PM10 concentrations (Marylebone Road, Port Talbot and Belfast).

· PM10 data from manual filter-based Partisol and TEOM instruments are compared for the 7 sites in the UK when both Partisol and TEOM data were available. Additionally, PM2.5 data from Partisol and TEOM instruments are compared for 2 sites.

· Both the use of an unsuitable linear regression method and the US EPA calibration factor are shown to influence the linear models for the relationship between TEOM and gravimetric data. The use of a linear model that does not consider that the “independent” variable observations are accurate is recommended for this study.

· The TEOM instrument largely underestimates PM10 (and PM2.5) data for most of the sites. Results for Harwell have shown that a significant part of the particulate material lost is ammonium nitrate and belongs to the PM2.5 fraction while those for Belfast have shown that it is predominantly other volatile compounds, likely semi-volatile organic compounds which are lost.

· The results have shown the spatial and temporal variability of the relationships between TEOM and Partisol data. Linear models for the relationships between TEOM and Partisol mass concentrations vary seasonally and from one site to another and ratios Partisol/TEOM vary from one day to another.

· The 1.3 factor used to amend TEOM data (AURN data) gives reasonably good results for many sites when considering averages but was shown to be unsuitable for single concentrations and for the calculation of the number of exceedence days.

· An examination of the possible influential meteorological parameters (temperature, relative humidity) has been carried out. This examination has led to a better understanding of the lack of strong relationship between the mass values measured with the two kinds of instruments. The underestimation of the TEOM depends on both the relative humidity and the temperature; it increases with decreasing temperatures and increasing relative humidities.

· The examination of the TEOM versus Partisol relationships for different temperature and relative humidity bins has given better models than the relationships established for different seasons.

INTRODUCTION

Co-located measurements of PM10 and PM2.5 were made at Belfast, Birmingham, London North Kensington, Harwell, Manchester, Glasgow and London-Marylebone Road using gravimetric samplers (Partisol Plus 2025). This equipment was not operated under the present contract, but data are available to this project. These data will allow a detailed analysis of the coarse and fine fractions (Part I of this report) and an intercomparison with TEOM data (Part II of this report).

I
EXAMINATION OF GRAVIMETRIC PM10/PM2.5  CONCENTRATIONS FOR SEVEN LOCATIONS IN THE UK

1.
Details of the ‘Gravimetric’ Sites

Birmingham Centre (Urban background): The monitoring station is within a self-contained, air conditioned housing located within a pedestrianised area of the city centre. The nearest road is approximately 10 metres distance and is used for access to the adjacent car park. The nearest heavily trafficked urban road is approximately 60 metres from the station. The surrounding area is generally open and comprises urban retail and business outlets. Trees are present within 2 metres distance of the monitoring station.

Belfast Centre (Urban background): The site is located within a pedestrianized area of the city centre. The nearest road is approximately 15 metres from the site and provides access for goods deliveries only. The surrounding area is built-up with business and retail premises (5 storeys high) creating street canyons.

Glasgow Centre (Urban background): The site is located within a pedestrianized area of the city centre. The nearest road is approximately 20 metres distance from the site and used for commercial access with a traffic flow in the region of 20,000 vehicles per day. The surrounding area is open with city centre business and retail premises bordering on three sides.

Harwell (Rural site): The site is located within the grounds of Harwell Science Centre surrounded by large open spaces encompassing agricultural land. The nearest road is for access to buildings on the site only and is approximately 300 metres away. Very little traffic uses the access road.

London North Kensington (Urban background): The site is located within the grounds of Sion Manning School. The sampling point is located on a cabin, in the school grounds next to St Charles square, at a height of 3 meters. The surrounding area is mainly residential.
London Marylebone Road (Roadside site): The site is located within 1 metre of the kerbside of a busy main arterial route in west London with approximate traffic flows in the region of 90,000 vehicles per day. The road is frequently congested. The surrounding area forms a street canyon.

Manchester Picadilly (Urban background): The monitoring station is within a purpose built unit in the west-end of central Manchester in a pedestrianized zone approximative 3 metres from an electric tramline.

Port Talbot (Industrial site): The site is located within the grounds of a small hospital where the nearest road (M4 motorway) passes some 75 metres distance from the site. Typical traffic flows in the range of 50,000 – 55,000 vehicles per day occur on a typical weekday. The site is approximately 700 metres from a large steelworks, which is known to contribute to local levels of pollution.

Further details on site characteristics could be found on the ‘Site Information Archive’ web site: http://www.stanger.co.uk/siteinfo/
2. 
SUMMARY OF DATA INCLUDED IN THE COMPARISON

Table 1 presents the Partisol Plus 2025 data available. PM10 Partisol sampling started at the end of September 2000 for Birmingham Centre, London North Kensington, Marylebone Road and Harwell and in the beginning of October 2000 for Port Talbot and Glasgow. PM2.5 Partisol sampling started at the beginning of September 2000 for London North Kensington, Marylebone Road, Harwell and Port Talbot, in the beginning of October 2000 for Glasgow and in 2002 for Manchester. There are no data for Belfast in 2000. Data for 2002 are until the beginning of July (2nd of July 2002) for both PM10 and PM2.5.

It is recognised that data were note collected over simultaneous periods at all sites.  However, there is little seasonality in the data, and this is unlikely to have a major influence. Some analyses were repeated using only paired datapoints, which revealed little difference in the outcome.

	
	Belfast
	B’ham centre
	Glasgow
	Harwell
	London North Kensington
	London Marylebone Road
	Manchester
	Port Talbot

	PM10
	429
	549
	289
	512
	435
	261
	No data
	389

	PM2.5
	428
	525
	291
	546
	524
	520
	101
	440


Table 1: Partisol Plus 2025 PM10 and PM2.5 data – number of samples

3. 
INTER-SITE COMPARISON

3.1 
Comparison of Concentrations Measured

The following tables present the the arithmetic mean, the 95th percentile and the 99th percentile (paired data for which PM2.5 is larger than PM10 are removed).

In the following boxplots, the upper part of the box represents the 75th percentile ; the lower part the 25th percentile; the line inside the box is the median; the distance between the 25th percentile and the 75th percentile is the interquartile distance (50% of the data are included in the interquartile distance) ; the length of the upper part of the whisker is the shorter of these two distances : the distance between the 75th percentile and the maximal value or 1.5 time the interquartile distance (in this case, ‘outlier values’ are drawn outside the boxplots) and similarly, the length of the lower part of the whisker is the shorter of these two distances : the distance between the minimal value and the 25th percentile or 1.5 time the interquartile distance (and ‘outlier values’ are drawn outside the boxplots).
PM10
	
	B’ham centre
	London N. Kensington
	Marylebone Rd
	Harwell
	Glasgow
	Port Talbot
	Belfast

	Median
	20.0
	20.8
	45.7
	15.6
	18.7
	25.0
	26.3

	Mean
	24.2
	24.4
	46.8
	18.0
	21.9
	29.5
	32.0

	P0.95
	54.2
	47.0
	77.0
	35.6
	44.6
	60.4
	72.0

	P0.99
	72.4
	74.5
	90.7
	62.4
	68.5
	75.6
	101.2


Table 2: Median, arithmetic mean, P0.95 : 95th percentile, P0.99: 99th percentile for PM10 concentrations


[image: image1.wmf] 

1

 

10

 

100

 

1000

 

B'ham

 

L. N. Kens

 

Marylebone 

 

Rd

 

Harwell

 

Glasgo

 

w

 

Port 

 

Talbot

 

Belfas

t

 

50

 

m

 

g/m

 

3

 


Figure 1 : Boxplots for PM10 concentrations measured in the different sites. The line corresponds to the daily standard of 50 µg m-3.

Much higher PM10 concentrations are measured at the the roadside site (Marylebone Road) than in the urban background sites. The lowest PM10 concentrations are measured in the rural site (Harwell). The increments of PM10 concentrations at urban background sites in comparison to the rural site are lower than the ones between the roadside site and the urban background sites.

Port Talbot and Belfast have higher PM10 concentrations than Birmingham, London North Kensington and Glasgow. Higher concentrations of PM10 in Belfast than those recorded in other UK cities have already been reported (APEG, 1999). Reasons for high PM10 concentrations at Belfast and Port Talbot are discussed later on. Glasgow is the urban background site that shows the lowest PM10 concentrations; however the number of data available for this site is also lower and the dataset is possibly not comparable with the ones from the other sites.

More than 25% of the daily PM10 concentrations measured at Marylebone Road are above 50 g m-3. Concentrations above 50 g m-3 are much less frequent in the other sites especially for Harwell and Glasgow for which only “extreme” values exceed this standard.

PM2.5
	
	B’ham centre
	London N. Kensington
	Marylebone Rd
	Harwell
	Glasgow
	Port Talbot
	Belfast
	M’chester

	Median
	12.5
	13.7
	25.6
	8.8
	9.0
	11.3
	11.3
	10.8

	Mean
	16.6
	17.7
	26.8
	12.0
	13.0
	13.4
	14.4
	16.6

	P0.95
	42.5
	42.0
	48.1
	28.7
	34.8
	28.9
	31.5
	41.8

	P0.99
	62.8
	62.3
	58.5
	52.5
	73.5
	54.1
	58.5
	58.5


Table 3: Median, arithmetic mean, 95th percentile, 99th percentile for PM2.5concentrations
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Figure 2 : Boxplots for PM2.5 concentrations measured in the different sites

PM2.5 concentrations measured in the different urban background sites are more similar than PM10 concentrations.

The concentrations measured at London, Birmingham and Manchester are higher than those measured at Port Talbot, Belfast and Glasgow. 

Concentrations measured in Marylebone Road are significantly higher due to emissions from the local traffic. The median concentration for Marylebone Road is almost twice that of the urban background of London and more than twice the median concentrations of the other urban background sites.

Lower concentrations are measured at Harwell but the difference with the urban sites is small.

The difference between the highest concentrations (95 and 99 percentiles) measured at the different sites including the rural and the roadside sites are small. 95 percentiles are similar for:

· on the one hand, Birmingham, London North Kensington, London Marylebone Road and Manchester

· and on the other hand, Harwell, Belfast, Glasgow and Port Talbot.

If the 1% highest concentrations are considered (95 percentile), very similar figures are found (the figure for Glasgow might be influenced by the smaller dataset).

PMcoarse
	
	B’ham centre
	London N. Kensington
	Marylebone Rd
	Harwell
	Glasgow
	Port Talbot
	Belfast

	Median
	7.0
	5.9
	16.6
	6.0
	8.9
	14.0
	14.4

	Mean
	8.5
	6.8
	19.5
	6.6
	10.1
	17.1
	19.2

	P0.95
	19.8
	14.2
	41.1
	14.5
	19.7
	41.5
	50.4

	P0.99
	36.1
	22.2
	61.6
	25.8
	33.4
	55.6
	87.9


Table 4: Median, arithmetic mean, 95th percentile, 99th percentile for PMcoarseconcentrations
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Figure 3 : Boxplots for PMcoarse concentrations measured in the different sites.

PMcoarse concentrations show large inter site differences. This suggests a considerable influence of local sources on PMcoarse concentrations. This also suggest that the significant inter-site differences for PM10 concentrations are the result of different PMcoarse sources (since PM2.5 concentrations are spatially quite homogeneous).

The highest concentrations are again measured at Marylebone Road. High concentrations are also measured in Port Talbot and Belfast.

Ratio PM2.5/PM10
The following boxplots represent the ratios of PM2.5 to PM10 for each site. These ratios indicate the relative contribution of the PM2.5 concentrations to the PM10 concentrations and conversely, the relative contribution of the PMcoarse concentrations to the PM10 concentrations.
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Figure 4 : Boxplots for the ratio PM2.5/PM10 for the different sites.

Median ratios vary from 0.42 at Port Talbot and Belfast to 0.71 at London North Kensington.

The PM2.5 concentrations dominate the PM10 concentrations in Birmingham Centre, London North Kensington, Marylebone Road and Harwell for which PM2.5 represents more than 50% of the mass for more than 75% of PM10 concentrations (a little bit less than 75% for Harwell). The two fractions PM2.5 and PMcoarse are more equivalent for Glasgow.

On the contrary, the PMcoarse concentrations form a large part of the PM10 concentrations in Port Talbot and Belfast. For these two sites, PMcoarse concentrations are greater than PM2.5 concentrations for more than 50% of the data available.

The ratios have been compared with the ones derived from TEOM measurements when both PM10 and PM2.5 from TEOMs were available (Marylebone Road and Harwell sites only). The ratios found with Partisol gravimetric measurements are significantly lower than the ones from TEOM measurements at both Harwell (gravimetric: 0.62, TEOM: 0.68) and Marylebone Road (gravimetric: 0.61, TEOM: 0.72). This finding suggests a larger semi-volatile component in PMcoarse than in PM2.5, which is most surprising.
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y = 1.1643x + 2.4403

0

10

20

30

40

50

60

70

80

90

100

0

10

20

30

40

50

60

70

80

m

g/m

3

m

g/m

3

r

2

 = 0.63



	[image: image7.wmf]PM2.5 : Port Talbot vs. Harwell
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Figure 5: Inter-site relationships for PM2.5 (orthogonal regression and Pearson correlation coefficient)

3.2 
Inter-site Correlations

Statistically significant and good inter-site correlations are found for PM2.5 for the sites located in England (Figure 5). On the contrary, there is no statistically significant inter-site correlation for the PMcoarse fraction (result not shown). Due to the influence of the coarse fraction, the inter site correlations for PM10 concentrations are less significant than the ones for PM2.5 concentrations.

The charts in Figure 5 correspond to the PM2.5 fraction and show the correlations between the different urban sites and Harwell. All correlations are orthogonal regressions and the correlation coefficients are the Pearson ones.

Good correlations are found between Harwell and the sites located in England (London, Birmingham, Manchester). The correlation between Port Talbot and Harwell is weak but also significant.These results suggest the possible influence of meso-scale or long-range transport of secondary aerosols. Additionally, these sites can be affected by similar weather conditions (similar wind speed, similar boundary layer height) which influence the concentrations measured. Significant correlations are also found between Birmingham, Manchester, London North Kensington, Port Talbot for the PM2.5 fraction (result not shown).

Not surprisingly, there is no correlation between Glasgow and Harwell nor between Belfast and Harwell.

Slope above1 and intercept above 0 are found for the relationships between Harwell and Birmingham ; Harwell and London. This indicates an increment due to local emissions in comparison to Harwell. The relationship between Manchester and Harwell show a slope below 1 (indicating a possible weaker influence of regional aerosol) and an intercept above 0 (increment). The other relationships are too poor to consider their slopes and intercepts.

Figure 6 (below) presents the correlation between the urban and the roadside sites of London. The slope is not significantly different from 1 but the intercept is much larger than 0. This intercept of about 9 µg m-3 represents the average increment of PM2.5 at Marylebone Rd due to local emissions. It is larger than the one derived from TEOM measurements (equal to 7 µg m-3, in Charron and Harrison, 2004). This larger intercept might be the result of loss of semi-volatile compounds in the inlet of the TEOM or the result of using two different urban background sites (London North Kensington and Bloomsbury).
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Figure 6: Relationship London Marylebone Road versus London

North Kensington for PM2.5.

4. 
EXAMINATION OF THE PM10 CONCENTRATIONS EXCEEDING 50 µg m-3
The following table presents the maximum PM10 concentration measured at each site and the 25, 50 and 75 percentiles for the ratios PM2.5 to PM10 computed for the daily concentrations exceeding 50 g m-3 as an indicator of which fraction contributes to the high concentrations measured. n represents the number of daily PM10 concentrations exceeding 50 g m-3 for which the PM2.5 concentration was also available. The second figure, N, is the total number of days for which both PM2.5 and PM10 concentrations are available. The percentage of values exceeding 50 µg m-3 is also presented.

	
	B’ham centre
	London N. Kensington
	Marylebone Rd
	Harwell
	Glasgow
	Port Talbot
	Belfast

	PM10
	Max value 

(µg m-3)
	96.7
	88.3
	127.7
	77.7
	94.9
	88.8
	134.5

	
	n/N
	33/482
	16/396
	77/207
	8/429
	6/169
	32/291
	53/329

	
	% exceeding 50 µg m-3
	7/100
	4/100
	37/100
	2/100
	4/100
	11/100
	16/100

	Ratios
	P0.25
	0.69
	0.74
	0.49
	0.70
	0.67
	0.24
	0.17

	
	Median
	0.81
	0.84
	0.60
	0.84
	0.74
	0.32
	0.29

	
	P0.75
	0.88
	0.88
	0.67
	0.95
	0.81
	0.55
	0.46


Table 4: Percentiles 0.25, 0.50, 0.75 for the ratios PM2.5 to PM10 computing for the daily concentrations exceeding 50 g m-3
Concentrations above 100 µg m-3 are occasionally measured at Marylebone Road and Belfast while, the maximum values measured in the other sites are more similar.

PM10 concentrations exceeding 50 g m-3 were very frequent at Marylebone Road (more than one third of daily concentrations) and concentrations exceeding 50 g m-3 represented more than 10 daily concentrations out of 100 at Port Talbot and Belfast.

For more than 75% of the PM10 concentrations exceeding 50 g m-3, the PM2.5 fraction is the main contributor to the PM10 concentrations in Birmingham Centre, London North Kensington, Harwell and Glasgow.

In Marylebone Road, the PMcoarse fraction is more important and in many cases PM2.5 and PMcoarse contribute together to the exceedence. This result is in agreement with the fact that both fractions originate from the same source at Marylebone Road (local traffic and a significant part from the heavy-duty traffic).

Port Talbot and Belfast show a different pattern. In these two sites, for more than 75% of the PM10 concentrations exceeding 50 g m-3, the coarse fraction is the main contributor to the exceedence. These events occur either in 2000, 2001 or 2002 suggesting that these high values are not the result of one construction or demolition work near the sites.

The coarse fraction of PM10 contributes a considerable part of the exceedence of 50 µg m-3 (24-hour mean) for the sites having the highest PM10 concentrations (Marylebone Road, Port Talbot and Belfast).

5. 
INTERPRETATION AND CONCLUSIONS

The high PM2.5, PMcoarse, PM10 concentrations at Marylebone Road are the consequence of emissions from local traffic, both exhaust and non-exhaust vehicle emissions. The increment due to local emissions is substantial.

Rather homogeneous inter-site PM2.5 concentrations and correlations with Harwell PM2.5 concentrations indicate the role of regional background PM2.5 (probably secondary aerosols) and of similar regional meteorological influences.

Birmingham and London North Kensington show some similarities, with a fine fraction that dominates the PM10 mass and correlates with Harwell data.

High concentrations of PM10 are measured at Belfast and at Port Talbot. At these two locations, the coarse fraction of particulate matter is responsible for most of the mass and responsible for PM10 concentrations exceeding 50 g m-3.

Higher concentrations of PM10 in Belfast were reported in APEG (1999). The reported reasons were the greater use of coal and the topography (Belfast is surrounded by hills). PM2.5 concentrations in Belfast are not higher than those measured in the other urban centres. The topography will act on all pollutants together and cannot be the reason of higher PMcoarse concentrations. 

Port Talbot PM10 emissions are dominated by industrial processes. Two main industrial activities influence the local emissions: (1) an iron and steel plant (sinter production and blast furnaces) and (2) a coke oven (Passant, 2000). The monitoring station is about 700 metres from the steel plant. Non-combustion processes are a large part of the PM10 emissions for Port Talbot (APEG, 1999). According to emission factors (from USEPA and EMEP, CORONAIR), the two activities emit some coarse particles but more PM2.5 particles. It is possible that fugitive dusts from the plant influence the local PMcoarse concentrations.
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II 
COMPARISON BETWEEN GRAVIMETRIC PARTISOL PLUS 2025 DATA AND TEOM DATA

1. 
DATA FOR INCLUSION IN THE REPORT AND METHODS USED

1.1. 
Summary of Data Available

Table 1 presents the Partisol Plus 2025 data available and those including in the comparison exercise. Data included in the report correspond to Partisol Plus 2025 data simultaneously measure with TEOM data. TEOM PM10 data are continuously measured at the following sites and TEOM PM2.5 data are continuously measured at Harwell and Marylebone Road.

	Site
	Data available
	Data included in the report
	N

	
	From
	To
	From
	To
	

	Belfast PM10
	03/02/01
	02/07/02
	05/02/01
	02/07/02
	315

	Birmingham PM10
	26/09/00
	04/06/02
	27/09/00
	04/06/02
	465

	Glasgow PM10
	19/10/00
	23/03/02
	19/10/00
	23/03/02
	247

	Harwell PM10
	30/09/00
	02/07/02
	30/09/00
	02/07/02
	436

	               PM2.5
	07/09/00
	19/06/02
	07/09/00
	19/06/02
	461

	London NK PM10
	28/09/00
	06/06/02
	28/09/00
	06/06/02
	353

	Marylebone Road PM10
	22/09/00
	12/02/02
	22/09/00
	10/02/02
	150

	                               PM2.5
	07/09/00
	05/06/02
	10/09/00
	05/06/02
	270

	Port Talbot PM10
	12/10/00
	04/06/02
	12/10/00
	04/06/02
	334


Table 1: Partisol Plus 2025 PM10 and PM2.5 data available and included in the study. N is the number of paired  observations

PM10 Partisol sampling started at the end of September 2000 for Birmingham Centre, London North Kensington, Marylebone Road and Harwell and in the beginning of October 2000 for Port Talbot and Glasgow. PM2.5 Partisol sampling started at the beginning of September 2000 for London North Kensington, Marylebone Road, Harwell and Port Talbot and in the beginning of October 2000 for Glasgow. There are no data for Belfast in 2000. Data for 2002 are until the beginning of July (2nd of July 2002) for both PM10 and PM2.5.

The three tables in Annex 1 represent the percentage of data available for each year separately in order to indicate the representativity of the data available for all site. In 2000, the percentages are computed from the commencement of the sampling to the end of the year and in 2002, the percentages are computed from the beginning of the year until July.

The number of data available for Marylebone Road and Glasgow are low and might be not representative of these two sites.

The concentrations measured in the different sites included in the comparison are briefly described in Annex 1.

The number of data included in the comparison will always be specified.

1.2. 
Comparison Between Different Linear Regression Models

The least squares linear regression is the most commonly used method in atmospheric sciences. This statistical method assumes that the dependent Y observations are linearly dependent of the independent X observations that are exactly known. The best fit linear slope is then computed assuming that all X observations are accurate (see description in Annex 2). This statistical tool is often used to compare pollution data from different instruments. In particular, the Least Square regression is the method widely used in comparison exercises between TEOM particle mass data and filter-based reference gravimetric particle mass data (e.g. Soutar et al., 1999; Salter and Parsons, 1999; Ayers et al., 1999). In this case, such an assumption on the set of X observations leads to biased evaluations of the relationship between two instruments. To our knowledge, only Cyrys et al. (2001) have used an Orthogonal regression to compare a Harvard impactor and a TEOM.  A recent paper from Ayers (2001) has shown that the Least Square regression analysis is not appropriate for an instrument comparison exercise. 

We have compared two regression methods which make no assumption regarding the X observations;  the Orthogonal regression and the Reduced Major Axis (RMA) regression methods with the traditional Least Square regression analysis. These methods are briefly described in Annex 2. More details on the RMA regression model can be found in Ayers et al. (2001).

The results are presented in Table 2. When the square of the Pearson correlation coefficient is below 0.50, the linear correspondence between X and Y observations is weak (Belfast, Marylebone Road for PM10 and Port Talbot).

The Least Squares method gives a lower slope and a higher intercept than both Orthogonal and RMA regressions. These results are in agreement with Ayers et al. (2001). The Least Square regression has likely contributed to the intercepts significantly different than zero obtained by Ayers et al. (1999) and by Salter and Parson (1999). 

The improvement is more obvious for the weaker correlations. As an example, the chart for Port Talbot is presented in Figure 1. It shows that both RMA and Orthogonal regressions give a better fitting model than the Least Square regression; closer to the trend of the data.

Unlike the Least Square regression, it is possible to exchange X and Y observations without changing the model for both orthogonal and RMA regressions. That constitutes another important advantage of these two methods (see Annex 2).

Both Orthogonal and RMA regression analyses are suitable for this study. The RMA regression analysis has been used throughout.

	Site
	Linear regressions
	Pearson R2
	N

	Belfast Centre
	y = 0.260 x + 11.04

y = 0.316 x + 9.24

y = 0.508 x + 2.98
	0.26
	315

	Birmingham centre
	y = 0.485 x + 5.25

y = 0.506 x + 4.70

y = 0.537 x + 3.92
	0.81
	465

	Glasgow centre
	y = 0.562 x + 4.63

y = 0.624 x + 3.24

y = 0.670 x + 2.19
	0.70
	247

	Harwell
	y = 0.465 x + 5.14

y = 0.492 x + 4.65

y = 0.534 x + 3.91
	0.76
	436

	London North Kens.
	y = 0.595 x + 5.00

y = 0.637 x + 3.97

y = 0.667 x + 3.24
	0.80
	353

	Marylebone Road
	y = 0.365 x + 17.00

y = 0.535 x + 9.20

y = 0.717 x + 0.896
	0.26
	150

	Port Talbot
	y = 0.560 x + 9.60

y = 0.887 x + 0.138

y = 0.930 x - 1.11
	0.36
	334


Table 2: Comparison between the Least Square regression (first line, in black), the Orthogonal regression (second line, in blue) and the RMA regression (third line, in red) for gravimetric PM10 from Partisol PM10 concentrations, from TEOM (AURN: 1.03 TEOM + 3 g). R2 is the square of the Pearson correlation coefficient, N is the number of observations included in the comparison. Concentrations are in µg m-3
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Figure 1 : TEOM PM10 data versus gravimetric Partisol PM10 data for Port Talbot. In black, the Least Square regression and the Pearson correlation coefficient, in blue, the orthogonal regression, in red, the RMA regression

1.3 
Influence of the TEOM Calibration Factor

The TEOM concentrations include an internal calibration factor that is 1.03 *‘TEOM reading’ + 3 g. This calibration factor has been determined through regression analyses of data from TEOMs and collocated filter-based reference methods located in a number of sites in the United States and Europe.  This factor was determined in order to compensate for the loss of particle-bound water and semi-volatile compounds in the TEOM device and in order to achieve the US EPA certification (Patashnick and Rupprecht, 1991).

Note: Terminologies used in the report for the TEOM data

· TEOM (AURN) – refers to data as read from the instrument (mass data calibrated with 1.03 TEOM + 3 g)

· TEOM (adjusted downward) – refers to true mass data

· 1.3 TEOM (AURN) – the adjusted data as supplied to the EU

We have examined the influence of this calibration factor on the linear model (Table 3). 

Because the calibration factor is a linear combination of the mass concentrations as read from the instrument, only the linear model changes, not the quality of the linear relationship (represented by R2).

The calibration factor applied to TEOM values explains a large part of the intercepts significantly higher than zero. When the relationships between Partisol and TEOM mass concentrations is good, the intercept is now close to zero (relationships with R2 > 0.70.  For the poorer relationships: Marylebone Road, Belfast, Port Talbot, the models found are not reliable).

	Site
	Linear regressions
	Pearson R2
	N

	Belfast Centre PM10
	y = 0.508 ((0.025) x + 2.98 ((0.98)

y = 0.493 ((0.024) x – 0.02 ((0.95)
	0.26
	315

	Birmingham Centre PM10
	y = 0.537 ((0.011) x + 3.92 ((0.31)

y = 0.522 ((0.010) x + 0.89 ((0.31)
	0.81
	465

	Glasgow Centre PM10
	y = 0.670 ((0.023) x + 2.19 ((0.60)

y = 0.651 ((0.023) x - 0.79 ((0.58)
	0.70
	247

	Harwell PM10
	y = 0.534 ((0.013) x + 3.91 ((0.26)

y = 0.518 ((0.012) x + 0.88 ((0.25)
	0.76
	436

	Harwell PM2.5
	y = 0.437 ((0.012) x + 4.27 ((0.20)

y = 0.424 ((0.012) x + 1.24 ((0.19)
	0.63
	461

	London North Kens. PM10
	y = 0.667 ((0.016) x + 3.24 ((0.44)

y = 0.648 ((0.016) x + 0.23 ((0.43)
	0.80
	353

	Marylebone Road PM10
	y = 0.717 ((0.050) x + 0.90 ((2.52)

y = 0.696 ((0.049) x – 2.04 ((2.46)
	0.26
	150

	Marylebone Road PM2.5
	y = 0.820 ((0.029) x + 2.51 ((0.87)

y = 0.796 ((0.028) x – 0. 47 ((0.84)
	0.66
	270

	Port Talbot PM10
	y = 0.930 ((0.041) x – 1.11 ((1.35)

y = 0.903 ((0.039) x – 3.99 ((1.31)
	0.36
	334


Table 3: Linear regressions with in brackets, the confidence intervals for the slope and the intercept and the square of the Pearson correlation coefficients. First line: TEOM concentrations (AURN) vs. Partisol data; second line: TEOM (adjusted downward) concentrations vs. Partisol data. N is the number of observations included in the comparison. Concentrations in µg m-3
In this report, both TEOM (adjusted downward) and TEOM (AURN) values will be considered, the first ones in order to consider the true TEOM values for the addition of the particulate ammonium nitrate…, the second ones in order to compare with other published data (in particular, the consideration of the ratios Partisol/TEOM…). For the comparison between Partisol and TEOM, the consideration of whether raw or amended TEOM values are used does not change the conclusions.

1.4 
Conclusion

For the relationship between the TEOM instrument and a filter-based gravimetric instrument, a zero intercept is expected. On the contrary, a non-zero intercept is often found and interpreted as an artefact of the linear regression procedure because has no physical meaning. In this study, we have confirmed the influence of the linear regression procedure used. The calibration procedure of the TEOM is also shown to contribute to the non-zero intercept often found.

2. 
COMPARISON BETWEEN GRAVIMETRIC PARTISOL PLUS 2025 DATA AND TEOM DATA 

Many studies comparing various filter-based PM10 (or PM2.5) samplers with TEOM samplers have shown that TEOM samplers report lower particle mass values than the collocated filter-based samplers (Allen et al., 1997; Ayers et al., 1999; Soutar et al., 1999; APEG, 1999; Salter and Parsons, 1999; Williams and Bruckmann, 2001; Cyrys et al., 2001). This is attributed to the heating to 50°C in the inlet of the TEOM system initially done in order to minimise interferences from the evaporation and condensation of water onto the filter and to provide a stable and reproducible measurement. Some studies (e.g. Cyrys et al., 2001) have confirmed that the magnitude of the underestimation of the TEOM depends on the particulate matter that is volatile at 50°C. The volatile particulate matter is thought to be mainly semi-volatile inorganic compounds like ammonium nitrate, ammonium chloride, and semi-volatile organic compounds.

The amounts of volatile compounds vary both temporally and geographically. As a consequence, spatial and seasonal differences for the underestimation of the TEOM have been shown by many studies (Allen et al., 1997 ; APEG, 1999 ; Williams and Bruckmann, 2001). Additionally, this also implies that the relationship between TEOM and gravimetric methods might not be proportional or linear or might be poor. Some studies have actually found non-linear relationships due to higher amounts of volatile species at higher particle mass concentrations, resulting in higher divergences at higher concentrations (Salter and Parsons, 1999; APEG, 1999).

It should be noted that gravimetric methods also have the potential to lose some volatile species during and after sampling due to the environmental conditions that the filter is exposed during sampling, after removal from the sampler and before weighing (uncontrolled temperature and relative humidity etc).

2.1 
General Results

The following tables present the mean and median PM10 and PM2.5 particle mass collected with the filter-based Partisol sampler, the TEOM (AURN and adjusted downward values) and the TEOM (AURN) particle mass corrected by the 1.3 factor. Standard deviations are computed to give an estimation of how the particle mass concentrations are spread out. Robust estimators (median and interquartile distance) are also presented because are not influenced by few high concentrations like the mean and the standard deviation.

In agreement with the above-cited references, the TEOM underestimates the particle mass at all sites. The difference is larger at Belfast and Marylebone Road and is smaller at Port Talbot. However, the Partisol PM10 data for these 3 sites would not be totally reliable (see comparison between KFG and Partisol data) and all results for these 3 sites should be carefully interpreted. Except for Belfast and Port Talbot, the 1.3 factor gives means close to the Partisol values.

	PM10
	Arithmetic mean ( SD
	Median ( IQR

	
	Partisol
	TEOM

(AURN)
	TEOM

(adj.)
	1.3 TEOM
	Partisol
	TEOM

(AURN)
	TEOM

(adj.)
	1.3 TEOM

	Belfast Centre
	32.60 

(( 20.09)
	19.53 

(( 10.20)
	16.05

((9.91)
	25.39 

(( 13.26)
	26.38 

(( 21.36)
	17.38 

(( 10.21)
	13.96

((9.91)
	22.59 

(( 13.27)

	Birmingham Centre
	25.33 

(( 14.28)
	17.52 

(( 7.67)
	14.10

((7.45)
	22.78 

(( 9.97)
	21.29 

(( 15.17)
	15.83 

(( 8.67)
	12.46

((8.41)
	20.58 

(( 11.27)

	Glasgow Centre
	22.52 

(( 12.15)
	17.28 

(( 8.14)
	13.86

((7.91)
	22.46 

(( 10.59)
	19.10 

(( 10.75)
	15.54 

(( 7.67)
	12.18

((7.44)
	20.20 

(( 9.97)

	Harwell
	18.05 

(( 10.17)
	13.54 

(( 5.43)
	10.23

((5.27)
	17.60 

(( 7.05)
	15.67 

(( 9.93)
	12.46 

(( 5.61)
	9.19

((5.45)
	16.20 

(( 7.29)

	London North Kens.
	24.57 

(( 12.25)
	19.63 

(( 8.17)
	16.10

((7.93)
	25.52 

(( 10.62)
	21.38 

(( 14.13)
	17.46 

(( 7.58)
	14.04

((7.36)
	22.70 

(( 9.86)

	Marylebone Road
	45.79 

(( 17.93)
	33.71 

(( 12.85)
	29.81

((12.47)
	43.82 

(( 16.70)
	44.68 

(( 22.82)
	33.77 

(( 16.18)
	29.87

((15.71)
	43.90 

(( 21.03)

	Port Talbot
	28.92 

(( 14.75)
	25.80 

(( 13.72)
	22.14

((13.32)
	33.55 

(( 17.84)
	24.42 

(( 20.59)
	22.46 

(( 17.25)
	18.89

((16.75)
	29.20 

(( 22.43)


Table  4: Daily arithmetic means (presented with standard deviations in brackets) and medians (presented with Interquartile Ranges in brackets) for PM10 concentrations. Concentrations in µg m-3
	PM2.5
	Arithmetic mean ( SD
	Median ( IQR

	
	Partisol
	TEOM

(AURN)
	TEOM

(adj.)
	Partisol
	TEOM

(AURN)
	TEOM

(adj.)

	Harwell
	12.32

((9.89)
	9.65

((4.32)
	6.46

((4.19)
	9.00

((8.79)
	8.44

((4.52)
	5.28

((4.40)

	Marylebone Road
	27.27

((11.22)
	24.86

((9.20)
	21.23

((8.93)
	25.92

((13.72)
	24.25

((11.61)
	20.63

((11.28)


Table  5: Daily arithmetic means (presented with standard deviations) and medians (presented with Interquartile Ranges in brackets) for PM2.5 concentrations. Concentrations in µg m-3
When we consider the medians, the difference between Partisol data and TEOM (AURN) data is smaller and for PM2.5 is very small, showing that some high concentrations measured by the Partisol contribute to the higher difference with means. The higher standard deviations (or interquartile ranges) for Partisol data than for TEOM data leads to the same conclusion. This means that the TEOM underestimates the particle mass to a greater extent at high concentrations.

Table 6 presents the number of exceedence days for the whole study period from the Partisol, the TEOM (adjusted downward), the TEOM (AURN) values and the TEOM (AURN) values adjusted by the 1.3 calibration factor.

The TEOM largely underestimates the number of exceedence days for all sites, except for Port Talbot. Most of the exceedence days are not recorded by the TEOM instruments. Port Talbot particle concentrations are heavily influenced by industrial processes. At this site, PMcoarse (PM2.5-10) particles, that are mainly non-volatile material, largely contribute to PM10 concentrations, which may explain the better agreement found for this site (see Annex 1).

The calibration factor (1.03 TEOM + 3 µg m-3) does not improve significantly the number of exceedence days.

When we consider the total number of exceedence days, the 1.3 factor gives reasonably good results for Glasgow, London North Kensington and Marylebone Road, but it substantially underestimates the number of exceedences at Birmingham. Additionally, for most of the sites, the new exceedence days do not coincide with the filter-based method exceedence days.

	PM10
	PARTISOL

Daily conc > 50 (g m-3
	TEOM (AURN)

Daily conc > 50 (g m-3
	TEOM (adjusted)

Daily conc > 50 (g m-3
	1.3 TEOM

Daily conc > 50 (g m-3
	N

	Belfast Centre
	53
	6
	5
	16

13/53
	315

	Birmingham Centre
	32
	2
	0
	12

11/32
	465

	Glasgow Centre
	10
	1
	1
	7

3/10
	247

	Harwell
	8
	0
	0
	2

2/8
	436

	London N. K.
	14
	3
	2
	12

8/14
	353

	Marylebone Road
	54
	9
	7
	52

33/54
	150

	Port Talbot
	30
	22
	18
	58

18/30
	334


Table 6: Number of exceedence days from Partisol, TEOM (adjusted downward)), TEOM (AURN), and 1.3 TEOM data. 1.3 TEOM data: first line: total number of exceedence days, second line: number of exceedence days simultaneously to the Partisol ones; N is the number of observations included in the comparison

The mean ratio Partisol/TEOM and the corresponding standard deviation for the whole studied period are presented in Table 7. 

Ratios close to 1.3 (( 10%) are found for almost all sites except Belfast and Marylebone Road. However, high standard deviations are found – especially for Glasgow and Port Talbot, showing that a large range of ratios corresponds to the single values. This result is in agreement with other studies (King et al., 2000; Cyrys et al., 2001; Green et al., 2001) showing the variability from one day to another. Additionally, different ratios are found for the different sites, showing that a single correction factor cannot reasonably be applied to all sites.
The linear regressions between TEOMs and Partisol data are presented in Table 3. The best fitting curves are generally linear despite some higher underestimations of the TEOM at high concentrations (see Annex 3). The same linear model cannot be applied to all sites. Similar linear regressions have been found for the Birmingham Centre and Harwell sites and quite similar linear regressions for Glasgow centre and London North Kensington sites. The other sites, especially Marylebone Road and Port Talbot, show different linear regressions but these relationships are not reliable (R2 < 0.50). 

	Site
	Ratios Partisol/TEOM (AURN)
	Ratios 

Partisol/ TEOM (adjusted)
	N

	Belfast Centre
	1.80 (( 1.08)
	2.36 (( 1.63)
	315

	Birmingham Centre
	1.41 (( 0.37)
	1.85 (( 0.54)
	465

	Glasgow Centre
	1.34 (( 0.55)
	1.80 (( 1.10)
	247

	Harwell
	1.30 (( 0.35)

PM2.5 1.21 (( 0.52)
	1.81 (( 0.51)

PM2.5 2.11 (( 2.70)
	436

	London North Kens.
	1.24 (( 0.27)
	1.55 (( 0.35)
	353

	Marylebone Road
	1.51 (( 1.12)

PM2.5 1.10 (( 0.24)
	1.80 (( 1.59)

PM2.5 1.32 (( 0.30)
	150

	Port Talbot
	1.23 (( 0.61)
	1.54 (( 0.89)
	334


Table 7: Mean and standard deviation for ratios Partisol/TEOM for PM10 particle mass

The results show that one correction factor or one linear model is not applicable to all sites reflecting the site specificity.
2.2. 
Comparison Between the Difference Between Partisol and TEOM Data for PM10 and for PM2.5 ( Harwell and Marylebone Road)

Because most of the semi-volatile material is contained in PM2.5 particles, a good correspondence between the difference between Partisol and TEOM data for PM10 and for PM2.5 is expected. PM2.5 Partisol and TEOM data are available for two sites, Harwell and Marylebone Road. The results are presented in Figures 2 and 3.

[image: image13.wmf]-10

0

10

20

30

40

50

-20

-15

-10

-5

0

5

10

15

20

25

30

35

40

45

50

#[Partisol - TEOM] for PM

2.5

 (

m

g/m

3

)

#[Partisol -TEOM] for PM

10

 (

m

g/m

3

)

1:1

-1:1


Figure 2 : Absolute difference between Partisol and TEOM (adjusted downward) PM10 data versus absolute difference between Partisol and TEOM (adjusted downward) PM2.5 data for Harwell
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Figure 3 : Absolute difference between Partisol and TEOM (adjusted downward) PM10 data versus absolute difference between Partisol and TEOM (adjusted downward) PM2.5 data for Marylebone Road

A good agreement is found for Harwell, whilst a much poorer one is found for Marylebone Road. At Marylebone Road, higher differences between Partisol and TEOM (adjusted downward) data are found for PM10 than for PM2.5 and the data are more scattered (this may be the result of some UNreliable Partisol data, see comparison between Partisol and KFG data). At Harwell, most of the semi-volatile compounds are contained in the PM2.5 fraction.

For both sites, a few much larger differences between Partisol and TEOM (adjusted downward) data for PM10 than for PM2.5 are observed for low values of differences for PM2.5 and negative values of differences for PM2.5 (i.e. TEOM data higher than Partisol data). The first type might be the result of particle-bound water associated with PMcoarse particles, while the second type are more difficult to explain.

2.3 
Examination of Particulate Ammonium Nitrate
In order to better understand the underestimation of the TEOM and the lack of strong relationship between Partisol and TEOM mass concentrations, an examination of the particulate ammonium nitrate has been carried out. The particulate ammonium nitrate is well-known to be very volatile depending on the atmospheric conditions (Stelson and Seinfeld, 1982a and 1982b) and is thought to be one of the major particulate volatile compounds lost in the TEOM inlet.

Particulate nitrate is measured at two sites, Belfast and Harwell. The particulate ammonium nitrate is computed from the particulate nitrate assuming that all the particulate nitrate is associated with ammonium ions. The particulate ammonium nitrate is added to the TEOM particle mass concentrations. The following figures represent the relationships between the sum of TEOM (adjusted downward) particle mass data and particulate ammonium nitrate with Partisol particle mass respectively for Belfast and Harwell.

The particulate ammonium nitrate corresponded on average to 8.9 ( 13.1 % of the particulate material lost by the TEOM at Belfast (assumed to be mainly semi-volatile inorganic compounds like ammonium nitrate, ammonium chloride, semi-volatile organic compounds and particle-bound water). The relationship between the two instruments is slightly improved adding the particulate ammonium nitrate. The contribution of the particulate ammonium nitrate is very small for the lowest concentrations of PM10.
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Figure 4 : TEOM (adjusted downward) PM10 data (in blue) and TEOM (adjusted downward) PM10 data + Particulate ammonium nitrate (in black) versus Partisol PM10 data for Belfast (N = 145)

There is no agreement between the differences in mass between the two instruments and the particulate ammonium nitrate for Belfast (see Figure 5). The influence of some not reliable Partisol values might explain this result. These results show that at Belfast, the particulate ammonium nitrate does not contribute significantly to the difference between the two instruments.
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Figure 5 : Absolute difference between Partisol PM10 data and TEOM (adjusted downward) PM10 data versus particulate ammonium nitrate for Belfast (N = 145)
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Figure 6: TEOM (adjusted downward) PM10 data (in blue) and TEOM (adjusted downward) PM10 data + Particulate ammonium nitrate (in black) versus Partisol PM10 data for Harwell data (N = 146)
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Figure 7 : Absolute difference between Partisol PM10 data and TEOM (adjusted downward) PM10 data versus particulate ammonium nitrate for Harwell (N = 146)

Both PM10 and PM2.5 Harwell TEOM data are significantly improved by adding the particulate ammonium nitrate (relationships with the Partisol data are significantly improved, see Figures 6 and 8). Good relationships are found between the differences between Partisol and TEOM (adjusted downward) data and the particulate ammonium nitrate for both PM10 and PM2.5. For concentrations of particulate ammonium nitrate higher than 2-3 µg m-3, the relationship between the difference between Partisol and TEOM (adjusted downward) data and particulate ammonium nitrate is linear. For concentrations lower than 2-3 µg m-3, the relationship is poor indicating the contribution of other species.
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Figure 8: TEOM (adjusted downward) PM2.5 (in blue) and TEOM (adjusted downward) PM2.5 data + Particulate ammonium nitrate (in black) versus Partisol PM2.5  for Harwell data (N = 161)
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Figure 9: Absolute difference between Partisol PM2.5 data and TEOM (adjusted downward) PM2.5 data versus particulate ammonium nitrate for Harwell (N = 161)

The particulate ammonium nitrate corresponded on average to 26.4 ( 25.2 % of the material lost in PM10 and 40.5( 43.5 % of the material lost in the PM2.5 in Harwell. It should be noted that Harwell has higher concentrations of particulate nitrate (median: 1.5 µg m-3) than Belfast (median : 0.65 µg m-3); while the underestimation of the TEOM at Belfast is much higher.

The addition of the ammonium nitrate to the TEOM (adjusted downward) mass improves the relationship between the Partisol and the TEOM data. The improvement is stronger for Harwell and additionally, for Harwell data, the nitrate concentrations and the difference between Partisol and TEOM are fairly proportional (that is not the case for Belfast). For Harwell and more especially Belfast, the contribution of the ammonium nitrate does not explain the whole difference between TEOM particle mass concentrations and filter-based Partisol particle mass concentrations, showing that an important part lost is likely semi-volatile organic compounds or particle-bound water.

Allen et al. (1997) have found that the entire difference between a TEOM and a manual filter-based method for the Rubidoux site (California) can be attributed to the particulate ammonium nitrate. On the contrary, Cyrys et al (2001) have a small contribution of the ammonium nitrate at their site. These results are in agreement with those of this study; all are reflecting the different aerosol composition in different sites and explaining the wide range of relationships found.

3. 
EXAMINATION OF THE SEASONAL VARIATIONS AND INFLUENCE OF METEOROLOGICAL PARAMETERS

Comparisons between TEOMs and reference gravimetric methods in different countries have shown that for warmer and dryer regions the agreement is better than for colder and damper regions (Williams and Bruckmann, 2001; Noack et al., 2001). Similarly, other studies have shown that the agreement is better during the warmer months of the year than during the colder months (Allen et al., 1997; Williams and Bruckmann, 2001). Williams and Bruckmann (2001) recommend the examination of the seasonal variations of factors and equations to amend the data.

The amount of semi-volatile-compounds associated with the particles is expected to depend on the temperature, the relative humidity and its gas-phase concentrations. The above-cited results agree with this suggestion. In this part, we examine first the seasonal variations for the different studied sites and second, two meteorological factors, the temperature and the relative humidity, that influence the relationship between TEOMs and manual gravimetric methods.

3.1 
Seasonal Variations

The means, ratios Partisol/TEOM and linear regression analyses (Tables 8, 9) are computed for two different seasons, the Summer season (from the 1st of April to 30th of September) and the Winter season (from the 1st of October to the 31st of March). The means and the ratios are not included when the number of paired observations is below 30 (the dataset is not considered sufficiently representative).

In Table 9, linear models are computed with TEOM (AURN) values. The linear models computed with TEOM (adjusted downward) values are in Annex 6. The linear model is not included when N is below 30 (dataset is not considered sufficiently representative) or when  r2 is below 0.50 (no meaning); the linear model is not considered reliable enough when 0.50 < r2 < 0.80.

It should be noted that PM10 and PM2.5 mass data do not seem to vary seasonally at the different studied sites. 

No obvious and strong seasonal variations come out from these results. Nevertheless, there are possible seasonal variations for Birmingham, Glasgow, Harwell and London North Kensington if Summer 2002 is excluded. Ratios for summer 2001 are lower than those for winter 2000/2001 and winter 2001/2002 for these sites; but summer 2002 shows higher ratios than summer 2001 and similar to both winter periods. 

Stable seasonal linear regressions can be seen for the Birmingham (see Table 9) and possibly Glasgow sites (summer 2002 is missing in Glasgow data) and London North Kensington if summer 2002 is excluded. Similar linear models for PM10 have been found for summer 2001-summer 2002 and winter 2000/2001-winter 2001/2002 for Birmingham and for both winters for Glasgow and London North Kensington suggests that different models might be used according to the season (nevertheless, the correlation coefficient are sometimes not adequate).

No obvious seasonal variations come out from the ratios and the linear models for PM2.5.

	PM10
	Seasons
	Number of observations
	Period Means
	Ratio Partisol:TEOM

	
	
	
	Partisol
	TEOM
	

	Belfast
	Winter 01

Summer 01

Winter 01-02

Summer 02
	18

133

86

78
	-

32.5

32.3

31.1
	-

20.2 (16.7)
18.6 (15.2)
17.6 (14.2)
	-

1.78 (2.33)
1.83 (2.44)
1.81 (2.40)

	Birmingham
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	4

127

157

124

57
	-

28.6

21.7

25.8

27.6
	-

17.7 (14.3)
16.7 (13.3)
17.6 (14.2)
19.1 (15.7)
	-

1.59 (2.06)
1.28 (1.71)
1.44 (1.86)
1.42 (1.79)

	Glasgow
	Winter 00-01

Summer 01

Winter 01-02
	90

114

43
	25.3

19.8

24.1
	17.9 (14.5)
16.8 (13.4)
17.1 (13.7)
	1.47 (2.00)
1.21 (1.62)
1.40 (1.87)

	Harwell
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	1

130

138

91

76
	-

18.3

18.1

17.8

17.9
	-

13.0 (9.7)
15.1 (11.8)
13.0 (9.7)
12.4 (9.1)
	-

1.36 (1.91)
1.17 (1.55)
1.34 (1.84)
1.40 (2.06)

	London N.K.
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	3

51

121

140

38
	-

24.1

22.3

25.5

28.9
	-

17.9 (14.4)
19.7 (16.3)
19.7 (16.2)
21.7 (18.2)
	-

1.33 (1.70)
1.13 (1.40)
1.28 (1.60)
1.29 (1.60)

	Marylebone Road
	Summer 00

Winter 00-01

Summer 01

Winter 01-02
	5

43

54

48
	-

52.4

39.0

48.0
	-

35.1 (31.2)
29.8 (26.0)
36.3 (32.3)
	-

1.83 (2.25)
1.39 (1.65)
1.41 (1.62)

	Port Talbot
	Winter 00-01

Summer 01

Winter 01-02

Summer 02
	87

93

95

59
	27.7

29.2

28.9

30.3
	26.0 (22.3)
26.7 (23.0)
25.4 (21.7)
24.9 (21.3)
	1.25 (1.58)
1.27 (1.59)
1.18 (1.46)
1.24 (1.52)

	PM2.5
	Seasons
	Number of observations
	Period Means
	Ratio Partisol:TEOM

	
	
	
	Partisol
	TEOM
	

	Harwell
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	14

134

120

131

62
	-

12.3

11.7

11.7

15.3
	-

9.0 (5.8)
10.1 (6.9)
10.3 (7.1)
9.1 (6.0)
	-

1.25 (2.21)
1.11 (1.73)
1.12 (2.22)
1.50 (2.40)

	Marylebone Road
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	1

56

106

48

59
	-

31.3

25.0

29.2

25.8
	-

25.9 (22.3)
23.4 (19.8)
29.2 (25.4)
23.0 (19.4)
	-

1.21 (1.45)
1.06 (1.29)
1.05 (1.24)
1.10 (1.32)


Table 8: Seasonal mean PM10 and PM2.5 for Partisol, TEOM (AURN) and in brackets for TEOM (adjusted values) data; alongside mean ratios between Partisol and TEOM (AURN) with in brackets, ratios for TEOM (adjusted values) values.

	PM10
	Seasons
	Number of observations
	RMA linear regression
	Square Pearson correlation coefficient

	Belfast
	Winter 01

Summer 01

Winter 01-02

Summer 02
	18

133

86

78
	-

-

-

y = 0.463 ((0.037) x + 3.22 ((1.35)
	-

0.17

0.24

0.50

	Birmingham
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	4

127

157

124

57
	-

y = 0.491 ((0.019) x + 3.68 ((0.63)

y = 0.622 ((0.022) x + 3.25 ((0.54)

y = 0.534 ((0.020) x + 3.87 ((0.58)

y = 0.572 ((0.021) x + 3.37 ((0.69)
	-

0.82

0.80

0.82

0.92

	Glasgow
	Winter 00-01

Summer 01

Winter 01-02
	90

114

43
	y = 0.582 ((0.036) x + 3.22 ((1.05)

y = 0.910 ((0.041) x – 1.16 ((0.89)

y = 0.609 ((0.033) x + 2.46 ((0.97)
	0.65

0.77

0.87

	Harwell
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	1

130

138

91

76
	-

y = 0.506 ((0.017) x + 3.70 ((0.37)

y = 0.588 ((0.024) x + 4.49 ((0.49)

y = 0.456 ((0.025) x + 4.82 ((0.49)
y = 0.512 ((0.026) x + 3.22 ((0.59)
	-

0.85

0.77

0.74

0.80

	London N.K.
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	3

51

121

140

38
	-

y = 0.609 ((0.030) x + 3.17 ((0.81)

y = 0.813 ((0.030) x + 1.62 ((0.74)

y = 0.641 ((0.026) x + 3.32 ((0.74)

y = 0.603 ((0.028) x + 4.25 ((0.94)
	-

0.88

0.83

0.78

0.92

	Marylebone Road
	Summer 00

Winter 00-01

Summer 01

Winter 01-02
	5

43

54

48
	-

-

-

-
	-

0.05

0.42

0.34

	Port Talbot
	Winter 00-01

Summer 01

Winter 01-02

Summer 02
	87

93

95

59
	-

-

y = 0.888 ((0.054) x – 0.34 ((1.80)

y = 0.842 ((0.048) x – 0.61 ((1.60)
	0.17

0.21

0.64
0.81

	PM2.5
	Seasons
	Number of observations
	RMA linear regression
	Square Pearson correlation coefficient

	Harwell
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	14

134

120

131

62
	-

y = 0.440 ((0.011) x + 3.58 ((0.18)

y = 0.531 ((0.027) x + 3.89 ((0.38)

-

y = 0.383 ((0.016) x + 3.27 ((0.33)
	-

0.91

0.69

0.29

0.89

	Marylebone Road
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	1

56

106

48

59
	-

y = 0.723 ((0.044) x + 3.29 ((1.47)

y = 0.823 ((0.029) x + 2.77 ((0.77)

-

y = 0.607 ((0.045) x + 7.40 ((1.27)
	-

0.79

0.87

0.47

0.68


Table 9: Seasonal linear regressions for TEOM (AURN)vs.Partisol for PM10 with in brackets the confidence intervals for the slope and for the intercept; alongside the Pearson correlation coefficients. 

3.2. Examination of the Influence of the Temperature and the Relative Humidity

Figures 10 and 11 show that the differences between the TEOM and the Partisol for PM10 mass concentrations measured at Harwell depend on both the temperature and the relative humidity. Similar results are found for Birmingham, Glasgow, London North Kensington and Marylebone Road (see Annex 4, no meteorological data available for the other sites). Nevertheless, the results for Birmingham and Marylebone Road show that the relationship with the relative humidity is not as obvious as the one with temperature (however, at Marylebone Road, a dependence is seen for the PM2.5 and all PM10 Partisol data are not reliable).

For all sites, the difference between the two instruments decreases with temperature, which is likely to be related to a decrease in the amount of semi-volatile compounds in the particles, and for Harwell, Glasgow and London North Kensington the difference increases with the relative humidity, which is likely to be related to the increase of the water content of particles and possibly also to the semi-volatile compounds. Contrary to the present study, Cyrys et al. (2001) have not found any relationship between the underestimation of the TEOM and the temperature or the relative humidity.

Unfortunately, due to both the number of data available and the variability in the composition of the particles, it is difficult to quantify the influence of these parameters.

Figure 10 clearly shows that the differences between Partisol and TEOM (AURN) data are higher than 30 % for lower temperatures (below 2°C) and lower than 10 % and close to zero for higher temperatures (above 18°C).
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Figure 10: Boxplots of relative differences
 between Partisol and TEOM (AURN) PM10 data for different Temperature ranges for Harwell
Figure 11 shows that half of the differences between Partisol and TEOM (AURN) data are below 10% for relative humidities lower than 70% and higher than 30% for relative humidities higher than 90%.

[image: image22.wmf]-80

-70

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

60

70

[Partisol - TEOM]/Partisol (%)

< 70 %

70 -80 %

80 - 90 %

90 - 100 %


Figure 11: Boxplots of relative differences1 between Partisol and TEOM (AURN) PM10 data for different relative humidity ranges for Harwell
Because of this dependence on meteorological parameters, the linear models and the ratios Partisol/TEOM are now examined according to the temperature and the relative humidity. Tables 10 and 11 present the results of this examination. 

Three bins are considered in order to take in consideration the simultaneous anti-correlation of the temperature and the relative humidity:

· T < 10°C ; RH > 80 % (colder and damper weather)

· T < 10°C ; RH < 80 % or T > 10°C ; RH > 80 % (“intermediate weather”)
· T > 10°C ; RH < 80 % (warmer and dryer weather)
Results in Tables 10 and 11 are with TEOM (AURN) values, the ones with TEOM (adjusted downward) values are in Annex 5.

The different linear models and ratios computed for different temperature and relative humidity bins confirm the influence of the 2 meteorological parameters. The linear relationships found are better (better correlation coefficients) than those computed for the different seasons; showing that this allocation is more appropriate. These relationships might be used to amend TEOM PM10 data measured in Birmingham, London North Kensington and possibly also Glasgow and Harwell (even if R2 is slightly lower than 0.8).

The ratios found are higher than 1.40 (and often higher than 1.50) for lower temperatures and higher relative humidities. They are below 1.24 for higher temperatures and lower relative humidities. For the “intermediate weathers”, the ratios are in general close to 1.30.

Despite fairly similar ratios for most of the sites, the computed linear relationships are different confirming the site specificity. These differences (for both the ratio and the linear relationships) cannot be attributed to the different mean temperatures and mean relative humidities associated with each dataset (see Annex 6) suggesting the significance of the contribution of the particulate matter composition for each site.

	PM10
	Temperature  & relative humidity
	N
	RMA linear regression
	Square Pearson correlation coefficient
	Ratio Partisol/

TEOM

	Birmingham
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	67

107

51
	y = 0.567 ((0.022) x + 2.19 ((0.66)

y = 0.551 ((0.019) x + 3.77 ((0.58)

y = 0.601 ((0.031) x + 4.06 ((0.76)
	0.90

0.87

0.86
	1.52 ( 0.30

1.39 ( 0.29

1.24 ( 0.23

	Glasgow
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	98

105

43
	y = 0.623 ((0.033) x + 1.93 ((0.97)

y = 0.720 ((0.038) x + 1.84 ((0.88)

y = 0.963 ((0.070) x – 1.86 ((1.48)
	0.73

0.71

0.77
	1.49 ( 0.77

1.26 ( 0.31

1.18 ( 0.26

	Harwell
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	134

178

124
	y = 0.508 ((0.018) x + 3.42 ((0.41)

y = 0.505 ((0.017) x + 4.33 ((0.35)

y = 0.646 ((0.031) x + 3.19 ((0.60)
	0.83

0.80

0.71
	1.41 ( 0.35

1.29 ( 0.36

1.19 ( 0.29

	London N.K.
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	25

148

180
	y = 0.578 ((0.048) x + 1.23 ((1.63)

y = 0.603 ((0.018) x + 3.88 ((0.48)

y = 0.731 ((0.023) x + 3.16 ((0.61)
	0.83

0.87

0.83
	1.63 ( 0.33

1.28 ( 0.24

1.17 ( 0.23

	Marylebone Road
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	16

79

55
	-

-

y = 0.849 ((0.071) x – 0.51 ((3.22)
	0.42

0.12

0.61
	1.73 ( 0.86

1.67 ( 1.44

1.24 ( 0.34


Table 10: Linear regressions TEOM (AURN) vs. Partisol for PM10 (in brackets, the confidence intervals for the slope and the intercept,) the square of the Pearson correlation coefficients and the mean and the standard deviation for ratios Partisol/TEOM for different temperature and relative humidity bins.

	PM2.5
	Temperature  & relative humidity
	N
	RMA linear regression
	Square Pearson correlation coefficient
	Ratio Partisol/

TEOM

	Harwell
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	169

182

110
	y = 0.473 ((0.024) x + 3.89 ((0.39)

y = 0.384 ((0.015) x + 4.51 ((0.24)

y = 0.486 ((0.030) x + 4.24 ((0.43)
	0.58

0.73

0.59
	1.25 ( 0.48

1.23 ( 0.59

1.11 ( 0.46

	Marylebone Road
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	18

99

153
	y = 0.767 ((0.103) x + 0.45 ((3.53)

y = 0.834 ((0.049) x + 1.73 ((1.41)

y = 0.817 ((0.038) x + 3.27 ((1.14)
	0.68

0.66

0.67
	1.30 ( 0.26

1.11 ( 0.25

1.07 ( 0.21


Table 11: Linear regressions TEOM (AURN) vs. Partisol for PM2.5 (in brackets, the confidence intervals for the slope and the intercept), the square of the Pearson correlation coefficients and the mean and the standard deviation for ratios Partisol/TEOM for different temperature and relative humidity bins

Higher distinctions might be found considering bins with higher or lower temperature/relative humidity, but the number of data available in these cases is small and not sufficient to permit the establishment of linear models. For example, at Harwell the mean ratio is only 1.04 (standard deviation, SD = 0.11) for temperatures higher than 18°C and RH < 80% and is 1.65 (SD = 0.25) for temperatures below 2°C and RH > 80 %.

4. 
SUMMARY AND CONCLUSIONS

· PM10 data from manual filter-based Partisol and TEOM instruments have been compared for 7 sites in the UK with different characteristics. Additionally, PM2.5 data from Partisol and TEOM instruments are compared for 2 sites.

· Both the use of an unsuitable linear regression method and the US EPA calibration factor are shown to influence the linear models for the relationship between TEOM and gravimetric data. The use of a linear model making no assumption on the accuracy of the “independent” variable data is recommended for this study.

· The TEOM instrument underestimates PM10 (and PM2.5) data for most of the sites. The underestimation is thought to be mainly due to particulate semi-volatile compounds both inorganic (ammonium nitrate, ammonium chloride) and organic, lost in the inlet of the TEOM. Results for Harwell have shown that a significant part of the particulate material lost is ammonium nitrate and belongs to the PM2.5 fraction; while those for Belfast have shown that mainly other volatile compounds, likely semi-volatile organic compounds, are lost.

· The results have shown the spatial and temporal variability of the relationships between TEOM and Partisol data. Linear models for the relationships between TEOM and Partisol mass concentrations vary seasonally and from one site to another and ratios Partisol/TEOM vary from one day to another.

· The 1.3 factor amending TEOM (AURN) data gives reasonably good results for many sites when we consider averages but was shown unsuitable for single concentrations and for the calculation of the exceedence days.

· In order to better understand the spatial and temporal variations of the relationships between TEOM and Partisol instruments, an examination of the possible influential meteorological parameters (temperature, relative humidity) has been carried out. This examination would also lead to a better understanding of the lack of strong relationship (or presence of variability) between the mass values measured with the two kinds of instruments. The underestimation of the TEOM depends on both the relative humidity and the temperature; it increases with decreasing temperatures and increasing relative humidities.

· The examination of the TEOM versus Partisol relationships for different temperature and relative humidity bins has given better models than the relationships established for different seasons. These models may be used to amend TEOM particle mass concentrations for Birmingham, Glasgow, Harwell and London North Kensington for PM10.
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	ANNEXES


	Annex 1

Percentage of PM10 and PM2.5 data available per year and PM10, PM2.5 and PMcoarse concentrations measured in the different sites


Percentage of PM10 and PM2.5 data available per year for each site

Percentages below 50% are underlined in the tables.

	
	B’ham centre
	London N. Kensington
	Marylebone Road
	Harwell
	Glasgow
	Port Talbot
	Belfast

	PM10
	72
	17
	46
	92
	45
	53
	-

	
	59.0%
	13.9%
	37.7%
	75.4%
	36.9%
	43.4%
	-

	PM2.5
	77
	71
	79
	106
	48
	92
	-

	
	63.1%
	58.2%
	64.7%
	86.9%
	39.3%
	75.4%
	-


Numbers and percentages of data available in 2000 (from the commencement of sampling)

	
	B’ham centre
	London N. Kensington
	Marylebone Road
	Harwell
	Glasgow
	Port Talbot
	Belfast

	PM10
	361
	276
	183
	247
	218
	235
	296

	
	98.9%
	75.6%
	50.1%
	67.7%
	59.7%
	64.4%
	81.1%

	PM2.5
	335
	325
	300
	271
	198
	229
	291

	
	91.8%
	89.0%
	82.2%
	74.2%
	54.2%
	62.7%
	79.7%


Numbers and percentages of data available in 2001

	
	B’ham centre
	London N. Kensington
	Marylebone Road
	Harwell
	Glasgow
	Port Talbot
	Belfast
	Manchester

	PM10
	116
	142
	32
	173
	26
	101
	133
	-

	
	63.4%
	77.6%
	17.5%
	94.5%
	14.2%
	55.2%
	72.7%
	-

	PM2.5
	113
	128
	141
	169
	45
	119
	137
	101

	
	61.7%
	69.9%
	77%
	92.3%
	24.6%
	65.0%
	74.9%
	55.2%


Numbers and percentages of data available in 2002 (until July 2002)

Boxplots for concentrations measured in the different sites (Gravimetric Partisol data)

Description of the boxplots :

The upper part of the box represents the 75th percentile ; the lower part the 25th percentile; the line inside the box, the median; the distance between the 25th percentile and the 75th percentile is the interquartile distance (50% of the data are included in the interquartile distance) ; the length of the upper part of the whisker is the shorter of these two distances : the distance between the 75th percentile and the maximal value or 1.5 time the interquartile distance (in this case, ‘outlier values’ are drawn outside the boxplots) and similarly, the length of the lower part of the whisker is the shorter of these two distances : the distance between the minimal value and the 25th percentile or 1.5 time the interquartile distance (and ‘outlier values’ are drawn outside the boxplots).

PM10 concentrations (the line corresponds to the daily standard of 50 g m-3)
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	Annex 2

Least Square regression, Orthogonal regression, Reduced Major Axis regression.

Brief description


The following figure represents 3 dots and the “best fitted line”. For the calculation of the “best line”, the minimised distances between the points and the fitted line depend on the model, they are :

For the Least Squares Regression : 
( (y – Y)2

That is to say, a projection according to the y axis. x values are not changed and are considered as accurate.

For the RMA regression : 
( (x – X)(y – Y)

That is to say, proportional to the surface area and is done according both x and y axes.

For the Orthogonal regression : 
( d2
d is the orthogonal projection (i.e. according both x and y axes) onto the line

[image: image27.png]



Important differences:

1. Both RMA and Orthogonal regressions consider that deviations between fitted and observed values may occur for both x and y observations

2. With RMA and Orthogonal regressions we have :


y = a x + b 
and
x = 1/a y – b/a

 
i.e. the model is unchanged if we exchange x and y observations

With the Least Square regression, the fitted model is changed whether we exchange x and y observations

	Annex 3

Charts TEOM (adjusted downward) versus Partisol for all sites


	Belfast PM10
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	Birmingham centre PM10
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	Glasgow centre PM10
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	London North Kensington PM10
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	Harwell PM10
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	Harwell PM2.5
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	Marylebone Road PM10
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	Marylebone Road PM2.5
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	Port Talbot PM10
[image: image36.wmf]0

10

20

30

40

50

60

70

80

90

0

10

20

30

40

50

60

70

80

90

Partisol (

m

g/m

3

)

TEOM (

m

g/m

3

)

1:1
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Boxplots for relative differences versus temperature relative and relative humidity


Birmingham centre PM10
Temperature (°C)
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Glasgow centre PM10
Temperature (°C)
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Harwell PM2.5
Temperature (°C)
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The means are strongly influenced by few very low values, not represented on the charts.

London North Kensington PM10
Temperature (°C)
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Marylebone Road PM10
Temperature (°C)
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Marylebone Road PM2.5
Temperature (°C)
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	Annex 5

Linear regression models for TEOM (adjusted downaward) mass concentrations versus Partisol mass concentrations for different season and different temperature and relative humidity bins


Seasonal variations

	PM10
	Seasons
	Number of observations
	RMA linear regression
	Square Pearson correlation coefficient

	Belfast
	Winter 01

Summer 01

Winter 01-02

Summer 02
	18

133

86

78
	-

-

-

y = 0.449 ((0.036) x + 0.21 ((1.31)
	-

0.17

0.24

0.50

	Birmingham
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	4

127

157

124

57
	-

y = 0.476 ((0.018) x + 0.66 ((0.62)

y = 0.604 ((0.021) x + 0.24 ((0.52)

y = 0.518 ((0.020) x + 0.84 ((0.57)

y = 0.556 ((0.020) x + 0.35 ((0.67)
	-

0.82

0.80

0.82

0.92

	Glasgow
	Winter 00-01

Summer 01

Winter 01-02
	90

114

43
	y = 0.565 ((0.035) x + 0.21 ((1.02)

y = 0.884 ((0.040) x – 4.04 ((0.87)
y = 0.591 ((0.032) x – 0.52 ((0.94)
	0.65

0.77

0.87

	Harwell
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	1

130

138

91

76
	-

y = 0.491 ((0.017) x + 0.68 ((0.36)

y = 0.571 ((0.023) x + 1.44 ((0.48)

y = 0.443 ((0.024) x + 1.78 ((0.48)
y = 0.497 ((0.026) x + 0.22 ((0.57)
	-

0.85

0.77

0.74
0.80

	London N.K.
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	3

51

121

140

38
	-

y = 0.591 ((0.029) x + 0.16 ((0.78)

y = 0.789 ((0.030) x - 1.34 ((0.72)

y = 0.623 ((0.025) x + 0.31 ((0.72)

y = 0.585 ((0.027) x + 1.22 ((0.91)
	-

0.88

0.83

0.78

0.92

	Marylebone Road
	Summer 00

Winter 00-01

Summer 01

Winter 01-02
	5

43

54

48
	-

-

-

-
	-

0.05

0.42

0.34

	Port Talbot
	Winter 00-01

Summer 01

Winter 01-02

Summer 02
	87

93

95

59
	-

-

y = 0.862 ((0.053) x – 3.24 ((1.75)

y = 0.817 ((0.046) x – 3.51 ((1.56)
	0.17

0.21

0.64
0.81


Seasonal linear regressions for PM10 with in brackets the confidence intervals for the slope and for the intercept and Pearson correlation coefficients.
	PM2.5
	Seasons
	Number of observations
	RMA linear regression
	Square Pearson correlation coefficient

	Harwell
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	14

134

120

131

62
	-

y = 0.427 ((0.011) x + 0.57((0.18)

y = 0.515 ((0.026) x + 0.86 ((0.37)

-

y = 0.372 ((0.016) x + 0.26 ((0.33)
	-

0.91

0.69

0.29
0.89

	Marylebone Road
	Summer 00

Winter 00-01

Summer 01

Winter 01-02

Summer 02
	1

56

106

48

59
	-

y = 0.702 ((0.043) x + 0.28 ((1.43)

y = 0.799 ((0.028) x – 0.22 ((0.75)

-

y = 0.589 ((0.043) x + 4.27 ((1.23)
	-

0.79

0.87

0.47

0.68


Seasonal linear regressions for PM2.5 with in brackets the confidence intervals for the slope and for the intercept and Pearson correlation coefficients.
Meteorological parameters

	PM10
	Temperature  & relative humidity
	N
	RMA linear regression
	Square Pearson correlation coefficient
	Ratio Partisol/

TEOM

	Birmingham
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	67

107

51
	y = 0.551 ((0.021) x – 0.79 ((0.64)

y = 0.535 ((0.019) x + 0.74 ((0.56)

y = 0.583 ((0.030) x + 1.03 ((0.74)
	0.90

0.87

0.86
	1.98 ( 0.45

1.84 ( 0.49

1.63 ( 0.35

	Glasgow
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	98

105

43
	y = 0.605 ((0.032) x + 1.04 ((0.94)

y = 0.699 ((0.037) x - 1.13 ((0.86)

y = 0.935 ((0.068) x – 4.72 ((1.43)
	0.73

0.71

0.77
	2.05 ( 1.57

1.69 ( 0.61

1.55 ( 0.39

	Harwell
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	134

178

124
	y = 0.493 ((0.018) x + 0.40 ((0.39)

y = 0.490 ((0.016) x + 1.30 ((0.34)

y = 0.627 ((0.030) x + 0.18 ((0.58)
	0.83

0.80

0.71
	1.98 ( 0.48

1.80 ( 0.53

1.63 ( 0.44

	London N.K.
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	25

148

180
	y = 0.561 ((0.046) x - 1.71 ((1.59)

y = 0.586 ((0.017) x + 0.85 ((0.47)

y = 0.709 ((0.022) x + 0.15 ((0.59)
	0.83

0.87

0.83
	2.06 ( 0.48

1.62 ( 0.29

1.43 ( 0.29

	Marylebone Road
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	16

79

55
	-

-

y = 0.825 ((0.069) x – 3.40 ((3.13)
	0.42

0.12

0.61
	2.02 ( 1.18

2.02 ( 2.07

1.42 ( 0.42


Linear regressions TEOM vs.Partisol for PM10 (with in brackets, the confidence intervals for the slope and the intercept), the square of the Pearson correlation coefficients and the mean and the standard deviation for ratios Partisol/TEOM for different temperature and relative humidity bins.
	Site
	Temperature  & relative humidity
	N
	RMA linear regression
	Square Pearson correlation coefficient
	Ratio Partisol/

TEOM

	Harwell
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	169

182

110
	y = 0.459 ((0.023) x + 0.86 ((0.38)

y = 0.372 ((0.014) x + 1.46 ((0.24)

y = 0.471 ((0.029) x + 1.21 ((0.42)
	0.58

0.73

0.59
	2.00 ( 1.27

2.41 ( 4.08

1.80 ( 0.71

	Marylebone Road
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	18

99

153
	y = 0.745 ((0.100) x - 2.48 ((3.43)

y = 0.810 ((0.048) x - 1.23 ((1.41)

y = 0.794 ((0.037) x + 0.27 ((1.10)
	0.68

0.66

0.67
	1.57 ( 0.38

1.35 ( 0.30

1.27 ( 0.26


Linear regressions TEOM vs.Partisol for PM2.5 (with in brackets, the confidence intervals for the slope and the intercept), the square of the Pearson correlation coefficients and the mean and the standard deviation for ratios Partisol/TEOM for different temperature and relative humidity bins. 
	Annex 6

Mean temperature and mean relative humidity associated with each bin


	Site
	Temperature  & relative humidity
	Mean temperature (°C)
	Mean relative humidity (%)

	Birmingham
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	5.7

10.6

13.7
	90.6

79.5

71.1

	Glasgow
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	5.1

8.5

13.0
	88.7

79.0

74.0

	Harwell
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	5.5 (PM10) ; 5.1 (PM2.5)

9.9 (PM10) ; 10.2 (PM2.5)

15.0 (PM10) ; 15.2 (PM2.5)
	88.0 (PM10) ; 88.2 (PM2.5)

80.0 (PM10) ; 80.5 (PM2.5)

71.9 (PM10) ; 71.8 (PM2.5)

	London N.K.
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	6.9

8.5

15.0
	85.1

73.1

65.0

	Marylebone Road
	T < 10°C ; RH > 80 %

T < 10°C ; RH < 80 %

ou 

T > 10°C ; RH > 80 %

T > 10°C ; RH < 80 %
	7.4 (PM10) ; 6.2 (PM2.5)

8.8 (PM10) ; 8.4 (PM2.5)

14.5 (PM10) ; 15.4 (PM2.5)
	84.5 (PM10) ; 85.0 (PM2.5)

74.0 (PM10) ; 72.6 (PM2.5)

66.0 (PM10) ; 63.2 (PM2.5)


� the relative difference is computed as follow :


Relative difference = (Partisol mass – TEOM mass)/Partisol mass (100 (in %)
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