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ABSTRACT 

H.M.C. Smit, 1997. A method to determine the input-output balances for nitrogen applied to the 
Lheebroekerzand integrated monitoring area (The Netherlands). Wageningen (The Netherlands), DLO 
Winand Staring Centre. Report 135 38 pp.; 4 Figs; 12 Tables; 17 Refs. 

The International Cooperative Programme on Integrated Monitoring on Air Pollution Effects (ICP/IM) 
monitors chemical and biological indicators at the level of catchment areas. The Dutch monitoring 
area is located at Lheebroekerzand (Province of Drenthe). Since this area is not a catchment an 
alternative method had to be developed to calculate the input and output balances of nitrogen. The 
data were obtained by the National Institute of Public Health and the Environment (RIVM). When 
the described method was tested with these data, the calculation of input-output balances for nitrogen 
appeared to be unreliable. It is recommended that data should be collected in a more appropriate way 
so that the method can be applied reliably. 
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Preface 

The International Cooperative Programme on Integrated Monitoring on Air Pollution 
Effects (ICP/IM) considers the catchment area to be the spatial model unit to monitor 
chemical and biological indicators. Due to thick unconsolidated sediments the 
catchment area approach in the Netherlands is mostly unsuited for monitoring 
purposes. Consequently a distinct approach has to be developed for Dutch sites to 
meet the requirements of the international monitoring programme. The National 
Institute of Public Health and the Environment (RIVM) granted the DLO Winand 
Staring Centre (SC-DLO) financial support to develop a method for assesing nitrogen 
balances for non-catchment sites. This report describes and tests a method to 
determine input-output balances for nitrogen. This method has been applied to the 
Lheebroekerzand monitoring area since this area is supposed to be monitored 
according to the International Cooperative Programme on Integrated Monitoring on 
Air Pollution Effects. The method had to be tested with available data. 

I thankfully acknowledge Ing. P.C. Jansen, Drs. R.H. Kemmers and Dr. Ir. W. de 
Vries for giving useful comments on this report. Furthermore I thank Mrs. E.A.M. 
Mathijssen-Spiekman and Drs. D. de Zwart of the National Institute of Public Health 
and the Environment who supplied me with the required data on groundwater 
composition, bulk deposition, throughfall, stemflow and precipitation. 



Summary 

Since 1979 four monitoring programmes have started commissioned by the United Nations 
Economic Commission for Europe (UN-ECE) Convention on Long-Range Transboundary 
Air Pollution (CLTAP). The International Cooperative Programme on Integrated 
Monitoring on Air Pollution Effects (ICP/IM) became operational in 1988 and monitors 
chemical and biological indicators in an integral way in catchment areas. The Dutch 
monitoring site is located at Lheebroekerzand (Province of Drenthe). Since this area does 
not meet the catchment area requirements (short residence times of elements by shallow 
groundwater flow and a transmissive geology) a method has to be developed to assess 
an input-output balance for nitrogen without monitoring output in the surface water. This 
method is called the compartment method. 

The Lheebroekerzand monitoring area is situated in the northeastern part of the Netherlands 
near the village of Dwingeloo in the Province of Drenthe. In a large part of the monitoring 
area cover sands (Twente Formation) are covered with drift sands (Kootwijk Formation). 
These soils are called Haplic Arenosols. At the beginning of this century the area was 
afforested mainly with Scotch pine. The water-table classes are mainly Vlld and VHId. 

The compartment method considers the vegetation-soil-groundwater compartment an entity 
for monitoring with the vegetation layer and the groundwater level as upper and lower 
boundaries respectively. With the available data measured by the National Institute of 
Public Health and the Environment (RIVM) the balance can be described as follows: 

INPUT - OUTPUT = SINK I SOURCE 

where: - the input is the bulk depostion multiplied by a filtering factor or the sum 
of throughfall and stemflow; 

- the output is the concentration measured in the upper groundwater 
multiplied by the precipitation excess. 

To control whether the results are reliable the input-output budgets for an inert element 
(in this case chloride) has to be calculated. 

From the available RIVM data of the Lheebroekerzand monitoring area the balances for 
the period from September 1992 until August 1993 can be calculated using bulk deposition 
and a filtering factor. Using throughfall and stemflow as input variables and assuming that 
the element concentration in the upper groundwater does not change very much, the balance 
for the period from September 1994 until August 1995 can be calculated. In both cases 
the output of chloride at the monitoring stations is between 1.8 and 2.7 times the input. 
Since chloride is used as a tracer it is not possible to calculate reliable input-output balances 
for nitrogen. It is recommended to measure variables (e.g. element concentrations in the 
upper groundwater) in a way that is more suitable for the developed method. It is stated 
that input-output balances for nitrogen can be assessed with appropriate data. 


