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1. PM network data for Amsterdam for 2002-2005

The Amsterdam Air Quality Network (part of the Municipal Health Centre of Amsterdam) provides continuous PM10, PM2.5 and PM1 air quality data across 5 sites. In this preliminary study these data have been used to establish particulate matter gradients through Amsterdam. The network consists of two urban background sites, one roadside station, and two kerbside motorways stations. Annual PM10 data of the regional background station De Rijp (owned by the Province of Noord-Holland but also maintained by the Amsterdam Network organisation) 35 km north of Amsterdam were also available. Data have been collected by TEOM instruments without gravimetric correction (i.e the data have not been adjusted for underestimation of the volatile fraction). In this preliminary study the data have been used to establish particulate matter gradients through Amsterdam. The study is still in progress and only first results are given here. Table 1 summarises the concentration levels over the 2002-2005 period. At the motorway station A10zuid data collection started in 2004-2005 (only PM2.5 and PM1 are reported here).

Table 1. Annual mean PM data for 2002-2005 for the sites taken from the Amsterdam Air Quality Network (without gravimetric scaling). 

	annual mean
	2002-2005
	2004-2005

	site
	PM10
	PM2.5
	PM1
	PM2.5
	PM1

	
	
	
	
	
	

	kerbside motorway
	
	
	
	
	

	     Ringweg A10west
	27.8
	
	13.7
	
	13.6

	     Ringweg A10zuid
	
	
	
	15.7
	13.3

	roadside
	
	
	
	
	

	     Stadhouderskade
	24.9
	
	13.2
	
	13.0

	urban background site
	
	
	
	
	

	     Overtoom
	20.6
	13.7
	10.8
	13.3
	10.2

	     Westerpark
	20.8
	13.4
	
	13.2
	

	rural site
	
	
	
	
	

	     De Rijp
	18.2
	
	
	
	


Figure 1 shows the annual average PM10 and PM1 concentrations for the Amsterdam network and  De Rijp. For De Rijp no PM1 data are available.
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Figure1 Annual PM10 concentrations 2002-2005

The presence of a regional contribution with superimposed Amsterdam background and traffic increments to PM10 is apparent. For the 2002-2005 period the Amsterdam increment (regional to urban background) is estimated to be around 4.5 μg/m3. PM10 traffic increments range from 4.2 μg/m3 (urban background to roadside) to 7.2 μg/m3 (urban background to motorway). The total increment found in these data, hence going from the regional background situation to the motorway kerbside near A10zuid, is around 9.5 μg/m3. 

For PM1 the traffic increment are 2.4 μg/m3 (urban background to roadside) to 2.9 μg/m3 (urban background to motorway), respectively. The (relative) increase in PM1 concentration due to traffic, going from urban background to the motorway, is considerably less than the increase in PM10 (21-27% and 35%, respectively).

2. Correlations between PM10, PM2.5 and PM1
Correlation coefficients R2 and linear regression slopes (with zero intercepts) for the sites in Amsterdam are given in Table 2 over the period 2002-2005. In general, the correlations between the daily concentration time series at one station are reasonable. It is concluded that the fine particles, PM2.5, constitute at least 65% of PM10 at the urban background stations; for PM1 this is around 53%. The linear regression slope for PM1/PM10 is lowest at the A10west motorway site. Most likely this is caused by traffic-induced emissions from abrasion and resuspension. For PM1 the similarity between Stadhouderskade and Overtoom remarkable.
Table 2. Correlations between daily mean PM10 and PM2.5 (urban background stations, 2002-2005) and PM10 and PM1 (urban background, roadside and motorway) over the period 2002-2005. No gravimetric scaling has been applied to these data.

	site
	R2
	regression slope PM2.5/PM10

	Overtoom
	0.77
	0.67

	Westerpark
	0.80
	0.66

	
	
	

	site
	R2
	regression slope PM1/PM10

	Ringweg A10west
	0.81
	0.50

	Stadhouderskade
	0.69
	0.53

	Overtoom
	0.69
	0.53


3. Correlations between sites
The correlation coefficients (R2) for the Amsterdam sites are given in Table 3. In general, the daily mean concentrations at the various stations are strongly correlated indicating that the day-to-day variations are influenced by variations in meteorology rather than dominated by local contributions. The lowest PM10 correlations are found for the kerbside motorway site indicating the stronger local effect of traffic emissions here. The PM10 time series at the road site Stadhouderskade is more related to those at the background stations. At this station traffic intensity and driving pattern correspond far more with the urban traffic conditions in the inner city.  

At the motorway station A10west PM10 correlations with Stadhouderskade and Overtoom are lower than the PM1 correlations. This is probably due to the vehicle resuspension contribution to PM10 which is absent in PM1. The same applies for the roadside station Stadhouderskade (when compared to Overtoom).

Table 3. Correlation coefficients (R2) between daily mean concentrations during 2002-2005

	PM10
	A10west
	Stadhouderskade
	Overtoom
	Westerpark

	A10west
	1
	
	
	

	Stadhouderskade
	0.75
	1
	
	

	Overtoom
	0.74
	0.83
	1
	

	Westerpark
	0.79
	0.84
	0.85
	1


	PM2.5
	Overtoom
	Westerpark

	Overtoom
	1
	

	Westerpark
	0.85
	1


	PM1
	A10west
	Stadhouderskade
	Overtoom

	A10west
	1
	
	

	Stadhouderskade
	0.85
	1
	

	Overtoom
	0.84
	0.89
	1


4. Wind direction sector analyses for Amsterdam sites
The good correlations between the daily mean PM concentrations monitored at different sites through Amsterdam, suggests that the day-to-day variations are caused by meteorology. Two processes may occur here: similar meteorological influences act upon different local sources at the various sites and act to produce coordinated variations in PM levels. Also, it may be that similar meteorological influences bring similar contributions from distant sources to the urban sites. 
Indeed this is found back in Figure 2 where the mean PM10 concentrations observed across Amsterdam for different wind direction sectors are presented. Clearly, the pollution roses show evidence of heightened PM contributions from particular wind direction sectors: maximum mean PM10 and PM1 concentrations are associated with southeasterly wind directions with predominantly stagnant conditions. The maxima levels are evident at the Amsterdam urban background sites (Overtoom, Westerpark) and even at the Amsterdam A10west motorway site. The roadside station Stadhouderskade shows less variation in PM10 and, to a lesser extent, in PM1. The reason is not certain. It may be due to the fact that Stadhouderskade (orientation north-south) is a site with buildings along only one (western) side while further surroundings (north, east and south) can be characterised as rather open.
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Figure 2 the mean PM10 concentrations observed at the monitoring sites across Amsterdam for different wind direction sectors (2002-2005).

Appendix
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