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Rotterdam/Rijnmond

1. Known air quality problems

The Environmental Protection Agency of the Rijnmond area (DCMR), which includes the city of Rotterdam produces an annual assessment of air quality based on monitoring stations and modelling (www.dcmr.nl). The following compounds are reported:

	Comp.
	Comments
	Problem

	SO2
	No exceedances in 2003
	No

	PM10
	Daily average limits exceeded at all stations: 

Model results indicate that more than 50% of the population in the Rijnmond area are exposed above daily limit values;
Yearly average limit exceeded at some stations;
	Yes

Yes?

	NO2
	Yearly average action value (54 ug NO2/m3 in 2003) exceeded at urban traffic stations and near highways

Hourly values not exceeding limit value
	Yes?
No

	Lead
	 24 h filter measurements 3 days per week mainly in port area
	No

	CO
	No exceedances recorded 
	No

	Benzene
	No exceedances in 2003 
	No

	Ozone
	Generally no hours above 240 ug/m3 and 10 – 20h above 180 ug/m3. Total oxidant (sum ozone and NO2) is too high… 
	Yes?

	Cadmium
	Is monitored
	No

	Arsenic
	Is monitored on a provincial scale
	No 

	PAH
	Is monitored
	No


The most relevant problem is PM10 and NO2 near extensive traffic both for road traffic and shipping (inland, sea going vessels and harbour).
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Figure 1. Source contributions to air quality levels of PM10 and NO2 at Pernis: a site near industrial, shipping and road traffic in the Rijnmond area.

It is noted in Figure 1 that the source contribution to air quality at ground level at Pernis in the Rijnmond area is shown. The source contribution to emissions has a different distribution of sources: for example industrial emissions of NOx are much larger than for road traffic, but due to the height of the stacks the contribution of industrial to air quality at ground level at Pernis is much lower than for road traffic.

Also noted in Figure 1 is the importance of the contribution of the background for PM10, as compared to NO2. For PM10 the background constitutes of almost 75%, while for NO2 this contribution is less than 25%. This illustrates the limited control of local authorities on PM10 levels, while in the case of exceedances for NO2, local measures may be more effective to comply with the limit values.  

2. Monitoring network

The monitoring network in the Rijnmond area originates from the 1960’s. The initial objective was an “early-warning” system related to industrial emissions. Therefore,  the first measurements concerned SO2 and black smoke. The network developed over the years by adding ozone, TSP and NOx monitoring in the 1970/80’s. In the 1990’s BTX and PM10 monitoring was included and the latest addition is PM2.5.

Next to the extension of pollutants to be monitored also sampling locations were extended with more emphasis on road traffic monitoring. This development was in line with the shift of the objective of monitoring to compliance and trend monitoring to evaluate the impact of emission reduction measures. 

The monitoring network in the Rijnmond area is managed by DCMR. However, the RIVM, the National Environmental Protection Agency also has monitoring stations in the region, as part of the Netherlands Monitoring Network. In  Figure 2 the locations of the network of DCMR and RIVM in 2005 are shown.
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	1) Maasvlakte; PM10

2) Markweg; TSP, PM10

3) Oostvoorne; TSP

4) Hoek van Holland; SO2
5) Maassluis; SO2, NOx, O3, BTX, PM10/2.5

6) Rozenburg; SO2
7) Zwartewaal; SO2
9) Vlaardingen 1; TSP, Fluoride


	10) Botlek; SO2
11) Hoogvliet; SO2, NOx, O3, BTX, PM10

12) Vlaardingen 2; SO2
13) Schiedam; SO2, NOx, O3, BTX, PM10/2.5, BS*

14) Pernis; SO2 
15) Overschie; SO2, NOx, O3, BTX, PM10

16) Bentinkplein; NOx, CO, BTX, PM10/2.5 

17) Rotterdam/Vasteland; PAH, BS*

18) A16-Ridderkerk; CO, NOx, O3, BTX, PM10/2.5


Figure 2: The monitoring network in the Rijnmond area in 2005: sampling locations and measured pollutants. 

In Figure 2, the river Rhine flows from east to west into the North Sea. One notices the industrial and harbour activities especially at the south bank of the river Rhine. At the left in Figure 2, the residential area of Rotterdam and the highway infrastructure are shown. 

In view of the exceedances encountered in the Rijnmond area under the EU AQ directive, the focus in  Air4EU in Rotterdam is on PM10, PM2.5, NO2, ozone and benzene. The relevant stations are described in Table 1.
Table 1: Relevant stations in the Rijnmond area concerning PMx, NOx, ozone and BTX measurements (2005).  

	PM10 , NOx, SO2

en BTX
	RIVM B 
Bentinckplein T
Overschie T/B

Schiedam B

Hoogvliet B/I
Maassluis B/I

Ridderkerk T
	More than 5 years data 

Starts from may 2005

More than 2 years data

More than 2 years data

More than 2 years data

More than 2 years data

1 year data

	Ozone
	RIVM B
Bentinckplein T
Schiedam B

Hoogvliet B/I
Maassluis B/I

Ridderkerk T
	More than 20 years data

Starts from may 2005

More than 20 years  data

More than 20 years  data

More than 20 years  data

1 year data

	PM2.5 24 hour
	Schiedam B
Maassluis B/I
	1 year data

1 year data

	Black Smoke
	Rotterdam B/T

Schiedam B
	More than 20 year data 

More than 20 year data 



· BTX: benzene, toluene and o-, m-, p-xylene;

· B = urban (RIVM, Overschie, Schiedam and Hoogvliet) or regional (Maassluis) background; I = industry (Hoogvliet, Maassluis and Ridderkerk); T = highway traffic station (Ridderkerk and Overschie)) or streetcanyon station (Bentinckplein); 
DCMR runs a regional monitoring network with different purposes: early warning, monitoring industrial emissions and regulatory air quality monitoring. Therefore, monitoring stations in the Rijnmond area are “dual-purpose” as they are used either as background, industrial or traffic station depending on the wind direction. Industrial stations are located within 2 km distances down-wind from industrial sources. Highway traffic stations are placed down-wind within 100 m of a highway with more than 125.000 vehicles per 24 h. The urban traffic station is located in a “street canyon” with 20-30.000 vehicles per 24 h. Urban background stations are located more than 50 m from local traffic. The regional stations are located more than 5 km from up-wind sources. All stations are at groundlevel with sampling inlets at 2,5 m. While discussing the spatial coverage, especially of an urban background it is noted that practical considerations play an important role in the exact location of a station in  an urban environment. Passive sampling is only applied by DCMR for special studies. 
 
3. Assessment of regional background

Regional background is determined from the National Air Quality Monitoring Network (www.rivm.nl) by stations outside Rijnmond/Rotterdam for PM10, NOx, ozone and BTX. The monitoring results are combined with dispersion modelling which results in grids of 1*1 km2 with annual background values over the Netherlands. 

In addition to these background data, DCMR measures the background with its regional station at Maassluis for PM10, NOx, ozone and BTX. These measurements (at appropriate wind directions) are consistently lower than the data from the national database.     
4. Emissions inventory

The emissions inventory consists of

1. Point sources, using consumption and emission factors. Industry, refineries and energy production are important emission sources in the Rijnmond area which contains one of the largest harbours of the world, including important storage facilities for fossil fuel and refineries. However, these sources contribute relatively little to the air quality in the Rijnmond area due to the high stack emissions (see Figure 1). Next to stack emissions, fugitive emissions especially of volatile organic compounds, including benzene may be of importance to the air quality in the region;

2. Line sources. Loops in highways are used for traffic counting combined with speed and vehicle types (according to length in three categories) to determine emissions based on traffic emissions factors (Dutch national data set). For urban traffic, counting data are used to estimate traffic on inner urban roads based upon “origin/destination” transport models. There is uncertainty about the exact number of vehicles, the distribution of private and light duty vehicles and the speed of the traffic. Consequently, the emission inventory inner urban traffic is uncertain. The emission of PM resulting from friction processes and resuspension of road dust by urban traffic is also uncertain.   

3. Area sources. These include home heating, shipping, etc. 

5. Models

URBIS

Modelling in Rijnmond area is carried out using URBIS as a management tool. The model used is a combination of the statistical CARII-model (street canyons), Gaussian line (highways) and point/area sources (industries). Grid resolution is 1 km for PM10 and 100*100 m for NO2. Output from the model is hourly (Real Time URBIS). The model uses the photo-stationary assumption to calculate NO2, based on NO and NO2 emissions and background ozone values. 
Meteorology and emission forecast

Assessment is carried out using meteorological measurements by DCMR for windspeed and -direction. Additional meteorological data is provided by the KNMI with a monitoring station at airport Rotterdam. Forecasts for air quality are based upon (past) 10-yearly average meteorological data while RIVM provides air quality background values based upon socio-economic scenario’s.

6. Assimilation methods

For Real Time URBIS an hourly assimilation is carried out by DCMR in cooperation with TNO. The modeled values are based upon an hourly emission profile for road traffic, shipping and industrial emission with a distinction for working and weekend days. For meteorology and background a long-year average is used to estimate the hourly data. With these data the air quality is modeled at the locations of the monitoring stations (Maassluis, Hoogvliet and Schiedam) and  compared with the actual measurements. The differences between the measurements and the model calculations are used to “assimilate/correct” the background. Subsequently, the corrected background is used calculation of the air quality for the whole region. The hourly maps are shown on the internet site of DCMR as an important tool for public information.  

7. Gaps, needs and focus areas

Currently, PM is the most important issue in the Rijnmond area, followed by the oxidant (the sum of ozone and NO2).  The following is a list of gaps and focus areas in the Rijnmond/Rotterdam area:
Monitoring:
· Recently, the monitoring network has been extented with PM2.5 measurements. What are the results in other cities of PM2.5 measurements?
· In order to implement effective measures, DCMR needs more information on the contribution of local and external sources to PM10 in the Rijnmond area. Source apportionment is regarded a useful tool for this assessment. Therefore, DCMR is planning to perform more chemical analysis of PM. A second reason for more chemical analysis of PM10 is the “possibility” under the Air Quality Directive to substract the contribution of  natural sources (a.o. sea salt and soil particles) from PM10 concentrations. This exercise is seen as a promising method to meet air quality standards for PM. Currently, 6 ug PM10/m3 may be corrected on a yearly basis, while 6 days may be subtracted for the 24-h PM10 standard. These “sea-salt” corrections differentiate in the Netherlands based upon the distance to the North Sea. What is the correction for sea salt (or other natural contributions to PM10) in other cities/regions?
· PM measurements in the National Air Quality Monitoring network in the Netherlands are performed by so-called ß-dust monitors. The data are corrected by 1.3 for evaporation losses (as the monitors are heated to avoid condensation of water vapour). DCMR applies TEOM’s (without FDMS!) are used that seem to require a different factor: TEOM at 30 degrees are currently in use with a factor of 1.2. What is the experiences from other cities with the correction factors applied by various monitoring methods?
· In the Netherlands physical planning is combined with air quality management. This results in strict enforcement of the EU air quality standards. Consequently, many construction plans have been arrested in 2005 in the Rijnmond/Rotterdam area. Dispersion models have been questioned and therefore there is a demand for more monitoring and the need to extend the monitoring network. DCMR would like to have an independent assessment on its current  number and locations of there monitoring network. 

· The regional background measured by DCMR for PM10, NOx, ozone and BTX are lower than data from the national background database provided by RIVM. DCMR would like to know the reasons for discrepancies between modeled and measured regional background. 
Emissions
· PM2.5 and PM10 emission data needs further improvement;

1. Fugitive emissions of hydrocarbons from evaporation of storage tanks etc. needs further attention;
· 
· Shipping emissions (inland, coasters and harbour) need improvement;
· In the model calculations to estimate the background of NO2 (1*1 km grid), the emissions from a highway have been included. Subsequently, a model is applied to compute the contribution of the highway emissions to the air quality. Hence, near a highway the NOx emissions of the highway traffic are computed twice, resulting in an overestimation of the NO2 levels. In the Netherlands this has been corrected for: What is the experience in other cities/regions in Europe with so-called “double counting” in the background and the modeled contribution of highway traffic emissions near a highway?
· Model calculations in street canyons compare reasonable with monitoring data. In these models, the emission factors take into consideration 50% resuspension of road dust. What is the experiences in other cities with the amount of resuspension of PM?    

Models

· The grid size of a model determines the number of exceedances: What is the optimal grid size of a dispersion model?

· The background has a relatively large impact on the air quality levels (especially for PM). There are large fluctuations of air quality due to meteorological conditions, which is an important parameter for the background. Consequently, one year (example 2003) results in many exceedances while another year (2004) one has less: Is for example an average of the last three years to estimate the background a better way to prevent the fluctuations in assessment of exceedances? 

2. Despite the decreasing trend in NOx emissions and NOx concentrations, in Rijnmond area the last five years the NO2 levels remain the same: What is the reason and what are the trends in other regions/cities? 
Data assimilation

· DCMR would like to compare the data assimilation as performed in the Real Time URBIS with data from the CAR model in relation to the air quality in street canyons in order to validate the method.
Mapping
· Maps with annual NO2 and PM10, and 24-h PM10 execeedances areas are automatically generated by URBIS. DCMR will provide as part of the case study in AIR4EU maps over the year 2004

8. Suggested subjects in the case study
· As part of the case study, DCMR would like to receive feedback from the AIR4EU city partners on the above identified questions on air quality assessment:

1. (monitoring) What are the results in other cities of PM2.5 measurements?
2. (monitoring) What is the correction for sea salt (or other natural contributions) to PM10 in other cities/regions?
3. (monitoring) What is the experience with correction factors for PM10 (to correct for evaporation losses) applied by various monitoring methods?
4. (monitoring) What is the experience with so-called “double counting” of NO2 in the background and the modeled contribution of highway traffic emissions near a highway?
5. (monitoring) What is the experience with the amount of resuspension of PM by road dust?
6. (models) What is the optimal grid size of air quality assessment and especially the  dispersion model?
7. (models) Is for example a moving average of the last three years to estimate the background a better way to prevent too strong fluctuations in assessment of exceedances (than using only the last years’ background)?
8. (models) What is the trend on oxidant (sum of ozone and NO2) the last 10 years? 

As part of the case study DCMR would like to cooperate with AIR4EU researchers on the following subjects:
· an expert assessment on the current number and locations of the monitoring network in Rijnmond/Rotterdam. It is noted that the network is not likely to be changed (to not disrupt long data series) but - apart from a “reality check” -  the assessment is useful in case of (possible) budget cuts, but also to withstand pressure to (temporarily) increase the network;
· the reasons for discrepancies between modeled and measured regional background;
· the reasons for the (stabilized) trend of NO2 concentrations the last 5 years while there is a decreasing trend of NOx emissions: Does the ratio NO2/NO change in NOx emissions? Does the ozone trend increase over the years? In addition, DCMR would like to study the PM10 and black smoke trend in the Rijnmond area;

· Improve Real Time Urbis as a possible forecasting tool for ozone episodes.


9. Actions for implementation of case studies

9. 
· DCMR would prefer to focus in the case study on the following elements:

1. review of air quality assessment in the Rijnmond/R’dam area against the objectives of DCMR and initial recommendations by AIR4EU. In the review also feed-back is provided on the questions formulated under para 8 from researchers in AIR4EU and/or other partner cities in Air4EU. This activity will result in the following deliverables: a.) a report with a review of air quality assessment in Rijnmond and feed-back on the recommendations of AIR4EU, b.) reply on the questions raised by DCMR and c.) a map with air quality of NO2 and PM10 for 2005 in the Rijnmond area. TNO will provide input for 2 manweeks and DCMR will provide data and 1-2 manweeks to achieve these deliverables; 
2. a trend analysis of NO2, ozone, black smoke and PM10 in the Rijnmond/R’dam area (a.o. role of background versus emissions of local sources: traffic, industry and shipping. This activity will result in an annexure in the aforementioned case study report with an analysis of the trends. TNO will provide input for 1 week and DCMR will provide the required data. 
3. assess the possibilities to improve Real Time Urbis by an “ozone model” (LOTOS-EUROS zoom?) in order to forecast ozone with “sufficient” local details. This activity will result in an annexure in the aforementioned case study report with an advice on the pro’s and con’s of improved ozone forecasting and the procedure to improve Real Time Urbis (in case of a positive advice). TNO will provide input for 1 week.
4. One week for TNO is allocated for projectmanagement of the case study Rijnmond/Rotterdam. 
·  After agreement with DCMR on this Report of the Initial Assesment, a Workplan will be agreed to implement the proposed activities with an envisaged deadline at 1 April 2006. 
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