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1	Nutrients


Input of nitrogen and phosphorus into the river systems of Germany


The nutrient input into river basins larger than 1000 km2 was estimated for the periods 1983 to 1987 and 1993 to 1997 by the GIS (Geographical Information System) oriented model system MONERIS (MOdelling of Nutrient Emissions into RIver Systems; see Behrendt et al., 1998). The model distinguishes between point emissions by municipal treatment plants and emissions directly discharged by industry and different diffuse paths according to the hydrological components of the total runoff. The paths mostly related to agricultural activities are:


emissions into surface waters from groundwater


emissions into surface waters from tile drainage


emissions into surface waters by erosion


emissions into surface waters by surface runoff (only dissolved nutrients)


Further, direct emissions into surface waters from atmospheric deposition and from the urban area collected by separate rain sewers and caused by combined sewer overflows and non-connected paved urban areas are considered as diffuse paths.


MONERIS is based on the approaches of Werner et al. (1991) and Werner & Wodsak (1994) but focusses on river catchments to compare the results of these emissions estimations with the observed nutrient load and other methods of source apportionment. The data base of the model are digital maps of the land use, soil types, elevation and the river net. Further statistical data as population, livestock numbers, yields and point sources inventories are collected for the smallest administrative units and translated to the GIS-system. Input data are further maps on soil losses by erosion, precipitation, concentrations of nutrients in groundwater and tile drainage.


The model results for the German parts of the four largest river basins are presented in table 1 to 4 for the period 1993 to 1995 and 1983 to 1987. The size of the catchments or the German part of these catchments are about 83 700 km2 for the Elbe, 38 400 km2 for the Weser, 102 500 km2 for the Rhine and 56 400 km2 for the Danube. Additionally the total of the different nutrient emissions is given in the table. The total represents the emissions from an area of 281 000 km2 which is about 80% of Germany. 


For phosphorus 57% to 68% of the total emissions into the river systems are caused by mainly agricultural paths as groundwater, tile drainage, erosion and surface runoff (see table 1). Within the more mountainous catchment of the Danube erosion and the emissions of dissolved phosphorus during periods of surface runoff are the dominant paths of phosphorus emissions. In the other basins erosion is also dominant, but the contribution of the emissions from the subsurface flows are increasing and represent at least in the Weser about 50% of the total agricultural input. Whereas the absolute amount of agricultural emissions has not changed since 1985 (see table 5) the portion of these emissions at the total phosphorus input has more than doubled from 1985 to 1995 (table 1 and 3). This is caused by the enormous reduction of point sources.











Table 1: Phosphorus input from different paths into the German part of the four main river basins of the Federal Republic in 1995





Basin�
Elbe�
Weser�
Rhine�
Danube�
Total�
�
Groundwater			[tP/a]�
1020�
1070�
2090�
420�
4600�
�
Tile drainage			[tP/a]�
310�
200�
410�
280�
1200�
�
Erosion			[tP/a]�
1700�
1040�
3450�
2980�
9170�
�
Surface runoff			[tP/a]�
280�
300�
1630�
1030�
3240�
�
Total of agriculture		[tP/a]�
3310�
2610�
7580�
4710�
18210�
�
Atmospheric deposition	[tP/a]�
60�
20�
120�
50�
250�
�
Mountain runoff		[tP/a]�
�
�
�
240�
240�
�
Urban areas			[tP/a]�
390�
310�
1100�
430�
2230�
�
Total of diffuse sources	[tP/a]�
3760�
2940�
8800�
5430�
20930�
�
Municipal sewage		[tP/a]�
2070�
890�
3730�
1380�
8070�
�
Industry			[tP/a]�
30�
50�
600�
100�
780�
�
Total of point sources	[tP/a]�
2100�
940�
4330�
1480�
8850�
�
Percentage of point sources 	[%]�
35,8�
24,2�
33,0�
21,4�
29,7�
�
Total input			[tP/a]�
5860�
3880�
13130�
6910�
29780�
�
Background			[tP/a]�
310�
280�
1310�
1010�
2910�
�
Percentage of background	[%]�
5,3�
7,2�
10,0�
14,6�
9,8�
�



The nitrogen input from agricultural paths amounts to 72% to 85% of the total emissions into the catchments. The emissions from the groundwater represent 70% to 80% of the total agricultural input for the river Elbe, Rhine and Weser. This portion is only 60% for the Danube. Tile drainage contributes to the total agricultural input between 20% and 25% for the Elbe, Weser and Danube and is only for the Rhine in a range of less than 20%. Also for nitrogen the portion of agricultural emissions at the total input is increased between 10% and 15% in the last decade.


As retention in the river systems has to be considered (Behrendt, 1996; Behrendt & Opitz, 1998; Billen et al., 1995), a direct comparison cannot be drawn between the model results and the measured load. But the changes of the nutrient emissions can be compared with the load, if we assume that the changes in the river parts of the Elbe, Rhine and Danube outside of Germany are nearly similar to those in the German parts. As shown in table 5 and 6 the percentage of the 1995 input to the 1985 input is very similar to these percentages of the load of nitrogen and phosphorus. From this comparison it can be concluded that the estimated nutrient emissions reflect correctly the situation in these river basins. Also other methods of source apportionment show similar results with regard to the total emissions and the portion of point and diffuse sources.


�
Table 2: Phosphorus input from different paths into the German part of the four main river basins of the Federal Republic in 1985





Basin�
Elbe�
Weser�
Rhine�
Danube�
Total�
�
Groundwater			[tP/a]�
950�
920�
2150�
480�
4500�
�
Tile drainage			[tP/a]�
270�
140�
340�
190�
940�
�
Erosion			[tP/a]�
1700�
1040�
3450�
2980�
9170�
�
Surface runoff			[tP/a]�
100�
180�
1350�
540�
2170�
�
Total of agriculture		[tP/a]�
3020�
2280�
7290�
4190�
16780�
�
Atmospheric deposition	[tP/a]�
80�
30�
180�
80�
370�
�
Mountain runoff		[tP/a]�
�
�
�
240�
240�
�
Urban areas			[tP/a]�
370�
330�
1330�
570�
2600�
�
Total of diffuse sources	[tP/a]�
3470�
2640�
8800�
5080�
19990�
�
Municipal sewage		[tP/a]�
8700�
4450�
22140�
5320�
40610�
�
Industry			[tP/a]�
190�
190�
2260�
380�
3020�
�
Total of point sources	[tP/a]�
8890�
4640�
24400�
5700�
43630�
�
Percentage of point sources 	[%]�
71,9�
63,7�
73,5�
52,9�
68,6�
�
Total input			[tP/a]�
12360�
7280�
33200�
10780�
63620�
�
Background			[tP/a]�
290�
240�
1250�
830�
2610�
�
Percentage of background	[%]�
2,3�
3,3�
3,8�
7,7�
4,1�
�



As shown in table 5 and 6 the diffuse input into rivers has not changed in the last decade, whereas the input of mineral fertilizer to the agricultural area has decreased in the total area of the Federal Republic and the livestock numbers have enormously reduced especially in Eastern Germany (Bach et al., 1998). Consequently, the surplus of nitrogen in the topsoils of agricultural areas has decreased by 19% (Western Germany) and 41% (Eastern Germany). For phosphorus the reduction of the surplus of agricultural topsoils has increased and amounts to 64% for Western Germany and 115% for the eastern part (Bach et al., 1997).


Reasons for the phenomenon of nearly constant diffuse input into rivers at decreasing surplus of the agricultural soils are the long residence time of water in the unsaturated zone and in the groundwater and the high level of phosphorus accumulation in agricultural soils.


If the concentrations of nitrogen in groundwater are compared in the different regions of the Federal Republic, large differences can be observed between the region of consolidated and unconsolidated rocks. In the unconsolidated rock region the nitrogen concentrations of the groundwater are near by the background of 1 mgN/l (Behrendt et al., 1998). The reason for this is the dominance of anaerobic condition of the groundwater and very large residence time of the water in the unsaturated zone and in the aquifer (Wendland et al., 1993). Contrary to this, the mean nitrogen concentrations in groundwater range from 4 to 25 mgN/l for the consolidated rock region. Also for this region however, indications do not exist for a general decrease of nitrogen concentrations in groundwater.


�
Table 3: Nitrogen input from different paths into the German part of the four main river basins of the Federal Republic in 1995





asin�
Elbe�
Weser�
Rhine�
Danube�
Total�
�
Groundwater			[tP/a]�
82000�
66900�
211200�
58400�
418500�
�
Tile drainage			[tP/a]�
24300�
15400�
31300�
21400�
92400�
�
Erosion			[tP/a]�
5000�
3400�
9200�
7100�
24700�
�
Surface runoff			[tP/a]�
1600�
2100�
13500�
10000�
27200�
�
Total of agriculture		[tP/a]�
112900�
87800�
265200�
96900�
562800�
�
Atmospheric deposition	[tP/a]�
3800�
1200�
7200�
3200�
15400�
�
Mountain runoff		[tP/a]�
�
�
�
3600�
3600�
�
Urban areas			[tP/a]�
1700�
1300�
5100�
2200�
10300�
�
Total of diffuse sources	[tP/a]�
118400�
90300�
277500�
105900�
592100�
�
Municipal sewage		[tP/a]�
31700�
13300�
73300�
22300�
140600�
�
Industry			[tP/a]�
4800�
1300�
18500�
1300�
25900�
�
Total of point sources	[tP/a]�
36500�
14600�
91800�
23600�
166500�
�
Percentage of point sources 	[%]�
23,6�
13,9�
24,9�
18,2�
21,9�
�
Total input			[tP/a]�
154900�
104900�
369300�
129500�
758600�
�
Background			[tP/a]�
14900�
13200�
52600�
37600�
118300�
�
Percentage of background	[%]�
9,6�
12,6�
14,2�
29,0�
15,6�
�



A special problem of the modelling of nutrient input into river basins is the evaluation of the results, because the considerable amount of errors can influence the result. As shown by Behrendt (1998) the comparison of different methods of source apportionment can help to find out possible systematical errors as underestimation of the load or overestimation of input. Such an analysis was done up to now only for river basins in the northeastern lowlands of Germany. From these investigations it can be concluded that indications of such systematical errors do not exist for nitrogen. Still, an overestimation of the input by erosion and surface runoff as well as an underestimation of the measured load seems to be probable for phosphorus.


�
Table 4: Nitrogen input from different paths into the German part of the four main river basins of the Federal Republic in 1985





Basin�
Elbe�
Weser�
Rhine�
Danube�
Total�
�
Groundwater			[tP/a]�
7500�
52900�
202000�
45400�
375300�
�
Tile drainage			[tP/a]�
25900�
13100�
29200�
16400�
84600�
�
Erosion			[tP/a]�
5000�
3400�
9200�
7200�
24800�
�
Surface runoff			[tP/a]�
1000�
2100�
18600�
8600�
30300�
�
Total of agriculture		[tP/a]�
106900�
71500�
259000�
77600�
515000�
�
Atmospheric deposition	[tP/a]�
4900�
1600�
10600�
4700�
21800�
�
Mountain runoff		[tP/a]�
�
�
�
3700�
3700�
�
Urban areas			[tP/a]�
1500�
1300�
5100�
2200�
10100�
�
Total of diffuse sources	[tP/a]�
113300�
74400�
274700�
88200�
550600�
�
Municipal sewage		[tP/a]�
44800�
22700�
119000�
28700�
215200�
�
Industry			[tP/a]�
31600�
3000�
42000�
2900�
79500�
�
Total of point sources	[tP/a]�
76400�
25700�
161000�
31600�
294700�
�
Percentage of point sources 	[%]�
40,3�
25,7�
37,0�
26,4�
34,9�
�
Total input			[tP/a]�
189700�
100100�
435700�
119800�
845300�
�
Background			[tP/a]�
14000�
11300�
53300�
35200�
113800�
�
Percentage of background	[%]�
7,4�
11,3�
12,2�
29,4�
13,5�
�



Table 5: Changes of the nitrogen input from different paths, nitrogen load and runoff for the four main river basins of Germany in 1995 compared to 1985





Basin�
Elbe�
Weser�
Rhine�
Danube�
Total�
�
Change of point sources	[%]�
47,8�
56,8�
57,0�
74,7�
56,5�
�
Change of diffuse sources	[%]�
104,5�
121,4�
101,0�
120,1�
107,5�
�
Change of total input	[%]�
81,7�
106,6�
92,6�
108,9�
95,4�
�
Change of measured load	[%]�
87,9�
101,1�
80,2�
103,3�
89,3�
�
Change of runoff	[%]�
106,2�
117,0�
98,6�
105,4�
103,6�
�



Table 6: Changes of the phosphorus input from different paths, phosphorus load and runoff for the four main river basins of Germany in 1995 compared to 1985





Basin�
Elbe�
Weser�
Rhine�
Danube�
Total�
�
Change of point sources	[%]�
23,6�
20,3�
17,7�
26,0�
20,3�
�
Change of diffuse sources	[%]�
108,4�
111,4�
100,0�
106,9�
104,7�
�
Change of total input	[%]�
47,5�
52,2�
40,6�
63,0�
47,8�
�
Change of measured load	[%]�
51,3�
38,8�
40,0�
70,3�
47,1�
�
Change of runoff	[%]�
106,2�
117,0�
98,6�
105,4�
103,6�
�



2	Plant protection products


The reasons, paths and the proportions of the input of plant protection products has been monitored for several years in various regional studies throughout the Federal Republic of Germany. In the framework of a project set up in 1996 by the Umweltbundesamt (Federal Environmental Agency) the attempt was made to model the input of plant protection products covering the total area of the Federal Republic with high spatial resolution (Bach et al. 1998).


2.1	Modelling of the input of plant protection products from diffuse sources


The modelling was carried out on the basis of a considerable quantity of digital maps of the Federal Republic containing divers information (eg administrative frontiers, structure of natural regions and soils, annual precipitation, frequency of storm events, density of the hydrographical network, CORINE Land Cover, hydrographical network). The details of the physical-chemical properties of the active substances (koc, dt50) were taken from data collections.


Based on a market study (Produkt und Markt 1997) first the quantities and the dates of application of active substances in plant protection products were estimated for each region (Huber et al. 1998). This information was required as input data for the individual steps of modelling. The modelling of the diffuse input of plant protection products was then conducted separately for the three input paths drainage, surface runoff and spraydrift. For 41 active substances, the volume of sales of which had been the largest in 1994 (IVA, 1995) calculations were carried out. The spatially differenciated modelling was conducted by means of a GIS (Geographical Information System) covering the total area of the Federal Republic based on a grid with a resolution of 1 x 1 km.


Seepage water and drainage


The estimation of drainage output was carried out in two steps. First, based on the model PELMO, for all possible combinations in the territory of the Federal Republic with regard to the location, climate conditions and the application of active substances, it was calculated which portion of an active substance displaces to a reference depth of up to 1 m. Second the percentage of drained cultivated area within natural regions was estimated. The input of plant protection products by drainage was then calculated by multiplying both values. From 41 active substances considered only for six a considerable input by drainage was calculated which amounts to ca.�1.4 t a year.


A possible further shift into groundwater and a possible input of plant protection products into surface waters by outflowing groundwater were not taken into account. According to the current state of knowledge plant protection products in groundwater resources in the Federal Republic only occur locally. A significant, large-scale load of surface waters with plant protection products by seepage of groundwater contaminated by plant protection products was not observed.


Runoff


The model for the estimation of the outflow of active substances in surface runoff consists of four components:


Determination of the mean occurrence probability of intense precipitation causing runoff. For this purpose the Deutscher Wetterdienst (German Meteorological Service) provided grid maps showing the depth-duration relation


The mean time interval between the application and the intense precipitation results from the occurrence probability of the precipitation event and the dates of application


The runoff volume is determined using the method for calculating highwater flow developed by Lutz (1984)


The mean concentration of active substances (dissolved phase only) in the runoff is based on Mills & Leonard (1984) and Leonhard et al. (1987)


The model only calculates the outflow of active substances in the dissolved phase. The estimation of the input of plant protection products by eroded soil material for the territory of the Federal Republic would require the development of an erosion model with a high spatial and temporal resolution. To date the scientific bases of how to proceed as well as input data lacks for this purpose.


For the total area of the Federal Republic an input by runoff of ca. 9000 kg active substances was calculated by the use of model approaches, the largest part of which was caused by arable farming. For active substances applied to row crops, in particular sugar beet, relatively high outputs were calculated.


Spraydrift


The modelling of the input of spraydrift is founded on basic values of spraydrift supplied by the Biologische Bundesanstalt (Ganzelmeier et al. 1995). For field crops a mean distance to the body of water of 2 m during the application was assumed and 5 m for viniculture and fruitculture. The mean losses by spraydrift amounted to 0.58% of the active substances applied, 0.75% and 2.68% respectively for early and late treatment in viniculture, and 12.02% and 4.92% respectively for early and late treatment in fruit culture. By means of further estimations of the mean drainage density and the width of a body of water in the landscape units in the Federal Republic as well as the relative percentages of arable land, grassland and special crop bordering on a body of water, the quantities of active substances reaching surface water during the application, can be estimated.


In arable farming on the whole very low losses by spraydrift are calculated, which come generally over a period of a year to 1-3 mg of active substances per ha-1. In total, the input by spraydrift in arable farming amounts to ca. 90 kg a year for the total area of the Federal Republic according to model estimations. On the contrary, the input by spraydrift from fruit culture figures up to ca. 3100 kg. This input is limited to a few regions of the Federal Republic characterized by a high density of receiving bodies of water (ie the "Alte Land" in the north of Hamburg). In viticulture the input by spraydrift is estimated to amount to ca. 120 kg of active substances a year.


Total of diffuse input


The 11 active substances that are to blame for the largest input of plant protection products by drainage, runoff and spraydrift, calculated by means of models are shown in table 1. According to these approaches an input of plant protection products into surface waters of ca.14 t a year for the total area of the Federal Republic is estimated. This value however, reacts extremely sensitive to the assumptions the modelling is based on. So for example a variation of the respective koc and dt50 value of an active substance of +/- 50% changes also the quantity of the input according to the modelling result by ca. +/- 50%. In total, the error distribution of the modelling result varies within this range.


�
Table 7: Estimated input of active substances into water bodies in the Federal Republic according to model approaches (Source: Bach et al. 1998, reference year 1994)





�
Drainage�
Runoff�
Spraydrift�
Total amount�
�
Active substance�
Input�
Percentage of application quantity�
Input�
Percentage of application quantity�
Input�
Percentage of application quantity�
�
�
�
kg�
%�
kg�
%�
kg�
%�
kg�
�
Metamitrone�
1�
0,0�
2420�
0,23�
11�
0,0�
2430�
�
Isoproturone�
950�
0,04�
1280�
0,06�
20�
0,0�
2250�
�
Propineb�
120�
0,05�
100�
0,04�
1230�
0,5�
1450�
�
Ethofumesat�
80�
0,07�
1030�
0,42�
1�
0,0�
1110�
�
Dichlofluanide�
110�
0,09�
380�
0,25�
390�
0,25�
880�
�
Terbuthylazine�
0�
�
880�
0,18�
3�
0,0�
880�
�
Mancozeb�
0�
�
5�
0,0�
780�
0,2�
790�
�
Dichlorprop-P�
0�
�
630�
0,05�
8�
0,0�
640�
�
Dithianone�
0�
�
12�
0,0�
550�
0,4�
560�
�
Metolachlorine�
0�
�
510�
0,18�
1�
0,0�
510�
�
Bentazone�
110�
0,03�
300�
0,10�
1�
0,0�
410�
�
Total �(( 41 active substances)�
1420�
�
9060�
�
3350�
�
13800�
�
a) Extract from the list of the 41 active substances modelled, the volume of sales of which had been the largest in 1994





2.2	Results from the input of plant protection products from point sources


For several years a series of measurements has been conducted to determine the amount of plant protection products which are discharged into waters via treatment plants by farm outlets (see table 2). These plant protection products are chiefly released when cleaning sprayers or by discharging the remainder onto the paved farmyard. This waste water contaminated by plant protection products is then discharged either into the sewage system or directly into a receiving body of water by precipitation or washing water.


�
Table 8: Studies with regard to the input of plant protection products from farm outlets and treatment plants in the Federal Republic





�
Nidda river basin�
Middle Hesse�
Bavaria�
Baden-Württemberg�
Münster-land�
�
Study object   TP = treatment plant�
28 TP�
4 TP�
Hach�bornb�
1 rural TP�
TP Nellingen�
receiving watercourse Weiherbach�
3 Washing places�
�
Period�
04-05/94�
09-11/96�
03-12/97�
03-10/96�
06/95-�05/96�
04/93-05/94�
03/94-02/95�
�
Type of sample�
composite samples�
composite samples�
composite samples�
random samples�
random samples�
random samples a�
composite samples�
�
Farms connected ca.�
1640�
141�
164�
61�
19�
10�
3�
�
Source�
Seel et al. 1996, Bach 1997�
Fischer �et al. 1998a, b�
Müller �et al. �1998�
Nitschke 1997�
Honnen �et al. �1997�
Beudert 1997�
Hoof�1995�
�
a) Event samples        b) including the estimation of the load from rain spillways





In the course of five studies the effluent of 35 treatment plants in total was analyzed, in one study (Hachborn) also the load from rain spillways was taken into account. For each receiving body of water the emission of washing places or farm outlets respectively was measured (exclusive diffuse input). The load of active substances observed in the effluent of the treatment plant was apportioned to the number of farms connected to the treatment plant. The results of the total load of active substances calculated per farm as well as of the isoproturone load (as an indicator) are shown in table 3. On the whole, almost all of the farms connected ran their own sprayer so that the number of farms is approximately equal to the number of sprayers.


Table 9: Results of the load of active substances in the effluent of treatment plants with connected farms





�
Nidda river basin�
Middle Hesse�
Bavaria�
Baden-Württemberg�
Münsterland�
�
Study�
28 TP Nidda river basin�
4 TP Middle Hesse�
TP Hach-borna�
1 rural TP Bavaria�
TP Nellingen�
receiving watercourse�
3 washing places        North Rhine-Westphalia�
�
		      ---------- g per farm (calculated) during the measuring period a ----------�
�
Isoproturon�
7�
7�
62b�
5�
n.b.�
3�
40�
�
 ( Active substances�   (min – max)�
ø  32�4 - 80�
ø  8�5 – 12�
80b�
6�
3�
3�
ø  54�9 – 88�
�
Number of active substances�
33�
3�
4�
7�
10�
1�
13�
�
     a) Results showing one significant figure       b) including load from rain spillways        ø = mean value


�
The load of active substances calculated for the respective farms turns out to be extraordinarily heterogeneous, ranging from 3 g/farm to ca. 80 g/farm. Possible explanations for this extreme scope of the results may be for example differences in the technical condition of the sprayers, the cultivation structure of the farms, the knowledge of the users of the sprayers, the height of retention of active substances in the treatment plant as well as numerous other influencing factors. The individual cause for the respective results cannot be gathered from the monitoring.


Due to the enormous variability of the results it seems inappropriate to deduce a mean value for the emission of plant protection products from treatment plants and to carry out computations for the total area of the Federal Republic.


2.3	Load of active substances in the river basins in the Federal Republic


In the framework of a project initiated by the Umweltbundesamt (Federal Environmental Agency) results obtained from analyses of the concentration of plant protection products in surface waters for the total area of the Federal Republic during the period from 1993 to 1995 were collected. In course of these measurements active substances of plant protection products were observed in at least 12 analyses for 1994. At the moment a report on current affairs dealing with the occurrence of plant protection products in surface waters is being prepared by LAWA (Länder Working Party on Water; "Bericht der Länderarbeitsgemeinschaft Wasser zur Beschaffenheit der Oberflächengewässer – Pflanzenschutzmittel").


Based on these measurements of concentration and the runoff volume of the appropriate gauging stations active substances loads were calculated. These loads showed an extraordinary dispersion, however:


for identical stations between the years of record;


for identical stations using different methods of calculation;


for adjacent stations (with almost identical catchments) for the same year;


for the proportions of the load of selected active substances (eg Atrazine – Desethyl-Atrazine), which are expected to occurr in a relatively stable volumetric ratio


In general the reason for these variances is an insufficient measuring method. The concentration graph of active substances of plant protection products is highly variable in time. Statistical considerations show that 13 or even 25 random samples a year are not sufficient to allow a relatively precise determination of such a variable quantity. Further reasons are measuring errors in the c- and Q-determination as well as different detection limits (=DL) in plant protection products analytics.


After a critical review stations corresponding to one of the following criteria were selected for the calculation of the valid active substances load:


minimum of 40 random samples a year (majority > DL), or


continuous measuring (composite samples) over the period of a whole year.


In the Federal Republic the above-mentioned criteria are met by the following four monitoring stations and river basins respectively:





Ruhr, Westhofen		(FN ( 1900 km²)


Nidda, Praunheim		(FN ( 1900 km²)


Main, Bischofsheim	(FN ( 27.000 km²)


Rhine, Köln		(FN ( 141.000 km², incl. ca. 28.000 km² outside Germany)


For these monitoring stations the annual load calculated is shown in table 4. The calculation of the valid load of active substances for other monitoring stations in the Federal Republic is impossible for the year 1994. When comparing the active substances load of the four river basins it should be taken into account that (a) the monitoring programme includes different active substances for the four monitoring stations, (b) that the load decreases proportionally to the size of the river basin, the reason for which is the degradation of an increasing portion of the load due to the length of the watercourse.


























Table 10: Annual load of active substancesa in river basins for 1994, measured in kg





River�
Rhine�
Main�
Nidda�
Ruhr�
�
monitoring station�
Köln�
Bischofsheim�
Praunheim�
Westhofen�
�
dates of observation, n =�
95 ... 106�
25b�
26 b�
52�
�
2,4-DP�
820�
�
17�
0�
�
Atrazine�
6720�
570�
2 �
2�
�
Desethyl-Atrazin�
3670�
550�
�
14�
�
Bentazone�
1130�
190�
11�
< DL�
�
Isochloride azone�
1290�
�
�
< DL�
�
Chlorotolurone�
440�
50�
1�
< DL�
�
Diurone�
2620�
750�
33�
19�
�
Fenpropimorph�
�
�
�
21�
�
Isoproturone�
6110�
1150�
49�
42�
�
MCPP�
1070�
�
27�
6�
�
Metazachlorine�
50�
12�
1�
< DL�
�
Metolachlorine�
340�
�
�
< DL�
�
Simazine�
1810�
40�
�
1�
�
Terbuthylazine�
850�
�
�
3�
�
Total amount�
20900�
3300�
140�
110�
�
Number of active substances  n=�
20�
10�
8�
34�
�
 a) annual load = 364/n ( ci*Qi	 b) composite samples	DL: detection limit





2.4	Percentage of the load from diffuse and point sources


The crucial issue in the development of concepts to improve water quality is the determination of the most important input paths of plant protection products into waters. In particular point sources are of major concern compared to diffuse input. Nevertheless, the results obtained (see paragraph 2.2) cannot be taken as a basis for the computation of the input from point sources for selected river basins or the total area of the Federal Republic.


To date only in a few small catchments in Germany the importance of the input from treatment plants compared to diffuse input of plant protection products into surface waters has been determined (Fischer et al. 1996, 1998b, Müller et al. 1998, Seel et al. 1996). All these observations have shown that the load was principally due to the input of plant protection products from treatment plants. The percentage of diffuse input was ìn most cases below 10%.


To assess the importance of point sources for the four river basins in the Federal Republic, in which a valid load of active substances can be calculated, another method was chosen. From the load measured the amount of diffuse input calculated for an active substance in the river basin as far as the monitoring station using on the respective model approaches, was subtracted (see paragraph 2.1). The difference thus obtained is ascribed to point sources (table 5). In this connection not only farm outlets via treatment plants are considered point sources but also rain spillways as well as the inflow from production plants.


As shown in table 4 the percentage of the input from diffuse sources (based on model estimations) in the four river basins ranges from 28% to 7% of the total load of each of the active substances measured. Accordingly, the percentage of the input coming chiefly from point sources amounts to 72% to 93%. Even the assumption of an error distribution of +/- 50% for the model estimation of the amount of diffuse input, implies a considerable dominance of point sources in the results for the larger catchments with regard to the input of plant protection products 


Table 11: Loads of active substances in river basins in the Federal Republic and estimated percentages from diffuse and point sources (reference year 1994)





River�
Rhine�
Main�
Nidda�
Ruhr�
�
Monitoring station�
Köln�
Bischofsheim�
Praunheim�
Westhofen�
�
�
-------------------------------  kg a-1  ------------------------------�
�
Load from diffuse input (according to modelling result)�
990b�
100�
18�
21�
�
Load from point input�= total load measured a�without diffuse input�
13900�
1440�
95�
76�
�
Percentage of point sources (calculated) of the total load ca.�
93% b�
93%�
82%�
72%�
�
Number of active substances n=�
17�
7�
6�
21�
�
a) Load of the number of active substances mentioned without considering degradation of active substances in the water


b) Diffuse input outside the German part of the catchment was not taken into account





2.5	Efficiency of an advisory service


By various projects it has been demonstrated that by means of precise instructions to farmers the input of plant protection products from treatment plants can be reduced considerably within short delay (Kerber 1997, Fischer et al. 1998c). Central aspects of the advisory service were:


·	To create an awareness of the problem: To point out the considerable importance of farm outlets for the contamination of waters


·	To solve the problem by instructing farmers: 


-	Not to clean their sprayers on paved farmyards;


-	Not to discharge the remainder onto the paved farmyard.


By the comprehensive advice a reduction of ca. 80% to 90% of the input of plant protection products into waters could be achieved, which partly still persisted two years after the advisory service.


�
2.6	Conclusion


The model approaches for the calculation of diffuse input of plant protection products into waters by drainage, runoff and spraydrift at macro-scale (catchments) generally provide convincing results which nevertheless have to be validated.Most of the monitoring programmes in the Federal Republic are not suitable to calculate on the basis of these concentration measurements the valid loads of plant protection products. To limit the observations to fewer monitoring stations with a higher frequency of measuring (at least once a week) would be more useful. Furthermore the range of substances analyzed should be standardized for the monitoring stations.


The measuring results with regard to the amount of the input of plant protection products from point sources turn out to be extraordinarily heterogeneous. Nevertheless, according to the current state of knowledge, it has to be assumed that in most regions of the Federal Republic the largest portion of the load is due to the input from farm outlets. To reduce this kind of input reliable and efficient concepts for an advisory service are available which can be realized at once.
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