
Part Three 

PREVENTION AND CONTROL OF WATER 
POLLUTION FROM FERTILIZERS AND PESTICIDES 

INTRODUCTION 

The introduction in a number of UN/ECE countries of 
new legislation to control and reduce water pollution 
from point sources was aimed at achieving stricter 
measures for pollution prevention at source, as well as the 
implementation of add-on measures such as advanced 
sewage treatment. In countries where such legislation 
has been introduced, both the relative and the absolute 
contribution of emissions of nutrients from point 
sources to the total load of inland waters has decreased. 
Although in these countries the formulation of 
measures to prevent, control and reduce water 
pollution from non-point sources, in particular those in 
agriculture, has received as much attention, perceptible 
results in the process of implementation have not always 
been achieved on a large scale. The reasons for the still 
unchanged large-scale impact of agriculture on water 
resources are manifold. 

It is only in recent years that the concept of sustain-
able agriculture has brought about substantial changes in 
agrarian policy and structural changes in some countries. 
These have promoted, inter alia, a better integration of 
sectoral agricultural developments into the environ-
mental policy. However, although strategies have been 
developed for the environmentally sound use of fertiliz-
ers and pesticides, there are still areas where methods for 
further reducing their use should be developed and im-
plemented. 

As a reflection of the increasing concern over the ex-
tent of the problem both at the national and international 
levels, the prevention and control of water pollution 
from fertilizers and pesticides released from agricultural 
sources has become one of the goals of the UN/ECE Re-
gional Strategy for Environmental Protection and 
Rational Use of Natural Resources (ECE/ENVWA/5). 
The UN/ECE Charter on Ground-water Management 
(ECE/ENVWA/12), the Recommendations on the Pro-
tection of Soil and Aquifers against Non-point Source 
Pollution (WATER/SEM.14/3. as amended in ECE/ 
ENVWA/3), Waste-water Management (ENVWAI 
SEM.4/3), and the Protection of Inland Waters against 
Eutrophication (ECE/ENVWA/26) represent a collective 
response of UN/ECE Governments for the attainment of 

this goal. 
The prevention, control and reduction of the trans-

boundary impact of water pollution from agricultural 
sources is an objective of the Convention on the Protec-
tion and Use of Transboundary Watercourses and Inter-
national Lakes. According to that Convention, the Par-
ties shall develop, adopt, implement and, as far as 
possible, render compatible relevant legal, administra-
tive, economic, financial and technical measures, in or-
der to ensure, inter alia, that appropriate measures and 
best environmental practices are developed and imple-
mented to reduce inputs of nutrients and hazardous sub-
stances from diffuse sources, especially where the main 
sources are agricultural. Furthermore, the Convention 
provides for the total or partial prohibition of the pro-
duction or use of hazardous substances (article 3, para-
graph 2). The Convention also obliges the Parties border-
ing the same transboundary waters to develop concerted 
action programmes for the reduction of pollution loads 
from point and diffuse sources (particularly in agricul-
ture) in the catchment area of the transboundary waters 
or part(s) thereof, subject to cooperation (article 9, para-
graph 2 (f)). 

Taking these considerations into account, this part of 
the publication examines national and international ex-
perience gained in coping effectively with the adverse 
effects of agriculture on inland waters. Due attention is 
given to the need to maintain viable agricultural produc-
tion. It also reviews major water pollution problems re-
lated to current agricultural practices; analyses the 
causes of these problems; evaluates legislative measures, 
regulatory instruments, and economic and technical 
measures to prevent, control and reduce water pollution 
from fertilizers and pesticides; and examines accompa-
nying measures in the fields of economic policies, tech-
nology, education, training, awareness raising, research, 
and development. 

Particular attention has been given in the preparation 
of this part to recent documents on water and agriculture 
issued by other international organizations in the 
UN/ECE region. These include documents of the Food 
and Agriculture Or anization (FAO); the European 
Community: the Helsinki, Oslo and Paris Commissions 
on the protection of the Baltic Sea and the North East 
Atlantic, respectively; and reports prepared within the 
framework of the Mediterranean Action Plan. The 1991 
EC Council Directive Concerning the Protection of Wa- 
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ters Against Pollution Caused by Nitrates from Agricul- 
tural Sources (91/676/EEC)- and the decision of the EC 
Council of December 1991 concerning the outcome of 
the Ministerial Seminar on Groundwater held at The 
Hague (4373/92/ENV15) were taken into account in par-
ticular. 

I .  C U R R E N T  S I T U A T I O N  

A. Water pollution from agricultural practices 

During the past four decades, agriculture has under-
gone a structural change in many UN/ECE countries. 
These changes are characterized by economies of scale, 
mechanization, intensification and specialization. Inten-
sive farming relies in many cases not only on the exten-
sive use of fertilizers and pesticides, but also on irriga-
tion or sprinkling, mechanization and improved plant 
varieties. Some of these practices, such as the extensive 
use of fertilizers and pesticides, irrigation and the use of 
heavy machinery, have or may have adverse effects on 
water and soil. 

In a number of countries, the area of agricultural land 
has decreased. A general reduction in total agricultural 
area was related to a shift in arable and permanent crop-
land, on the one hand, and to permanent grassland, on 
the other. Cropland has, for the most part, increased at 
the expense of permanent grassland. In almost all eastern 
European countries, farm size has been extended. 

Agricultural production has increased in many 
UN/ECE countries. Crop production has become more 
specialized. Animal husbandry has been expanded and 
concentrated in specialized farms and particular areas of 
a country. A major factor in intensive livestock farming 
is the production of large amounts of animal manure. 

Nitrogenous fertilizer use grew in most UN/ECE 
countries, and stabilized in some countries in the late 
1980s. Phosphate consumption was much lower and 
much less variable than the consumption of nitrogenous 
fertilizer. Rates of application of pesticides vary consid-
erably between UN/ECE countries. The UN/ECE publi-
cation The Environment in Europe and North America 
(Statistical Standards and Studies, No. 42, New York, 
1992) contains most recent data on the use of fertilizers 
and pesticides. 

The extensive use of fertilizers and pesticides has a 
considerable impact on the environment in general and 
on water resources in particular. Water is also a medium 
by which adverse effects resulting from agricultural ac-
tivities are transmitted to other environmental media. 

Most noticeable is the contamination of water by ni-
trogen and phosphorus compounds, oxidizable organic 
matter and pesticides. This has, inter alia, led to the 
eutrophication of surface waters and marine ecosystems 
by nutrients either directly introduced into these waters 
or indirectly introduced via the interconnection of 
roundwater and surface waters. Emissions of oxidizable 

matter and pesticides have led to fish kills and other ad-
verse impacts on aquatic life. Soil compaction and soil 
erosion as well as air pollution, produced by certain agri-
cultural practices, have also directly or indirectly af-
fected the quality of water in the unsaturated zone and/or 
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2 This directive is hereafter referred to as the EC Nitrate 
Directive.the quality of surface water and groundwater. 

Drainage systems may also have adverse impacts on 
water quality. These systems limit the recharge of the 
water table and increase the removal of surface water 
from agricultural land. Higher water fluxes may 
deliver high amounts of matter which are 
transported into surface water and groundwater. 

Agriculture, in particular, is a major source of nitrate 
pollution of inland waters. The amount of nitrate leach-
ing depends on a number of factors, such as the quantity 
and type of fertilizer applied, the type of crop, the soil 
type and the time of the fertilizer application. Increased 
concentration of nitrogen was even observed in deep 
groundwater, for example, in parts of Belgium, France, 
Germany, the Netherlands and the United Kingdom. 
Over a lon  period, the ecological functions of such 
aquifers are adversely affected if not damaged, and they 
will be less acceptable as a source of drinking water. 
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In general, phosphates are almost entirely absorbed 
into the topsoil. Depending on site conditions, the per-
centage of water pollution caused by erosion may be 
very high with regard to the input of phosphates. On 
sites where there is intensive fertilization and low ab-
sorptive soil capacity, phosphates can leach into the 
groundwater and surface water. This may occur espe-
cially in areas with many intensive livestock farms, 
where there is a limited area available for the application 
of large amounts of manure. Such intense application has 
led to water pollution and the eutrophication of inland 
waters, including the excessive growth of algae and 
higher water plants therein, as analysed, for example, in 
the UN/ECE report on Protection of Inland Waters 
against Eutrophication (ECE/ENVWA/26). 

Already the average amounts of mineral fertilizers ap-
plied in a given country is an indication of a danger po-
tential. However, considerable water loads may also oc-
cur in countries that report low overall use of fertilizers 
if their application is very unevenly distributed through-
out the country. This can result in high nutrient loads in 
soils and inland water locally and can also contribute to 
increasing nutrient loading of coastal waters in the re-
gion. 

The intensive use of pesticides in present crop protec-
tion methods has also produced some undesirable side-
effects. These include, inter alia, pollution of ground-
water; contamination of precipitation and pollution of 
surface waters, sometimes resulting in harmful effects on 
non-target aquatic organisms; and deterioration of 
aquatic and terrestrial ecosystems by diminishing the 
original variety of flora and fauna or bio-accumulation in 
the food web. Problems such as resistant plague organ-
isms, the need to increase the dosage due to the rapid 
degradation of the applied pesticide by adapted soil micro-
or anisms, and the high cost of pesticides for low-profit 
crops have become evident. 

g

In spite of a certain degree of degradation and dilution 
of pesticides in the soil, there is a risk of an increase in 
pesticides leached from the soil and subsequently trans-
ported to shallow and deep aquifers and/or surface wa-
ters. Depending on site conditions, the percentage of 
water pollution caused by erosion may also be consider-
able with regard to the input of pesticides. Certain pesti-
cides or their degradation products (pesticide residues or 
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specific metabolites) are present in groundwater or sur-
face waters at concentration exceeding those set for 
drinking water or those adversely affecting aquatic life. 
Present knowledge about the level of environmental con-
tamination or the ecolo ical effects of pesticides is, how-
ever, limited. Chemical analysis of pesticides is compli-
cated, expensive and often not even possible at relevant 
detection levels. In practice, therefore, only relatively 
few are examined. 

g

B. Pollution sources 

1. Mineral fertilizers and livestock manure 

In general, excessive fertilizer and slurry rates are 
considered to be the main sources of water pollution 
from agriculture. However, more detailed consideration 
needs to be given to the causal relationships between 
factors governing the transport of nutrients to water bod-
ies in order to arrive at recommendable action. Nutrient 
leaching, for example, is influenced by a number of ma-
jor factors, such as: 

(a) Vegetation (leaching from agricultural areas is as 
follows: leaching from unfertilized permanent grassland 
< leaching from areas with ley farming, lucerns and clo-
ver < leaching from fields with cereals < leaching from 
potato fields < leaching from fields with beet < leaching 
from fields with vegetables); 

(h) Soil (type, permeability, water storage capacity, 
organic matter); 

(c) The soil's nitrogen mobilization and storage ca-
pacity; 

(d) The soil's nutrient content or supply (e.g., rate, 
type and time of fertilization; application technology); 

(e) Climatic and meteorological conditions; 
(f) Atmospheric inputs; 
(g) Cultivation and ploughing (as aeration of the soil 

stimulates mineralization and nitrification and decreases 
denitrification); 

(h) Crop rotation; 
(i) Green cover in autumn and winter (as catch 

crops and as a means of decreasing erosion). 
In addition to the direct introduction of liquid and 

semi-liquid manure into water bodies due to carelessness 
or non-compliance with water legislation (such as ma-
nure application on drained or frozen lands as well as 
close to watercourses), nutrient loading of water bodies 
partly results from nutrient supplies not meeting the 
plants' real nutrient demand (e.g., excessive manure 
rates, bad timing, disre ard for the nutrient content or 
supply, nitrogen mobilization capacity). 
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The sharp increase in the number of intensive hus-
bandry farms in certain areas in Belgium. Denmark, 
France, Germany, the Netherlands, the United Kingdom 
and the United States, for instance, has had a consider-
able impact on the environment, especially on water re-
sources. 

Experience suggests that there are several ways in 
which intensive livestock production units may pollute 
the environment. The effects of intensive animal production 
on ecosystems include ammonia emissions, which are 

toxic to neighbouring vegetation, including conifers. 
Specific problems arise from the storage and spreading 
of effluents, either by emission of acidic gases into the 
air or by run-off and leaching of manure components 
into the soil and the waters. 

Soil contamination by heavy metals, chiefly copper 
and zinc, which occur in animal feed and subsequently 
in manure, has also been observed. Other heavy metals, 
such as cadmium, which are common in sewage sludge 
and some mineral fertilizers, have increased the heavy 
metal concentration in the top soil due to the use of con-
taminated sewage sludge and fertilizers. Any adverse in-
fluence that these metals have depends not only on their 
quantity in the soil but, above all, on their concentration 
in the soil water. The effect of soil characteristics (e.g., 
pH, organic matter content) is paramount in this respect. 
The more acid a soil, the less it retains heavy metals. 
Metals enter the liquid phase and become more readily 
available for plant uptake. This creates a hazard as they 
enter into the food web. 

Many of the above pollution sources have been made 
worse by the growth and intensification of animal hus-
bandry in recent years and, above all, by its separation 
from crop and pasture production. Many farmers pur-
chase a substantial proportion of their feed and often 
have insufficient land over which to spread the manure 
produced in a manner which does not cause pollution. 
There has been a tendency to overuse fertilizers, due in 
part to a lack of information and to the failure to differ-
entiate between yield and profit. Other farmers find it 
too expensive to utilize animal manure. Another problem 
is the inadequacy of manure storage facilities. 

2. Pesticides 

Pesticides protect crops against diseases and plagues 
and normally also increase yield and the quality of the 
product. Present intensive agriculture, sometimes even 
based on monocultures, poses a major risk of diseases 
and plagues. There is an increasing imbalance in the for-
merly ecologically sound agro-ecosystems. 

Pesticides, especially herbicides, have resulted in con-
siderable labour cost savings. There is a wide variety in 
the pesticides applied and also in the methods and 
amounts used. The use of pesticides and the number of 
pesticide applications have increased in the past decades 
to the current high levels. It is reported, for example, that 
in the United States pesticide use has doubled since 
1964; and in Denmark, the use of pesticides quintupled 
from 1950 to 1984. 

The amount of pesticides that, uncontrolled, ends up 
in the environment is not known. This may be a question 
of definition: since pesticides are deliberately applied on 
the fields one can hardly say that this, in fact, is uncon-
trolled release. However, the part that is not effectively 
reaching the targeted plague organisms or crops is unin-
tentionally lost in the environment. 

In Germany, Norway, Sweden and the United States 
and some other countries, pesticide residues have been 
found in samples of groundwater and surface water in 
quantities exceeding drinking-water standards and/or 
ecologically based water-quality criteria and objectives. 
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Even in samples of rainwater collected at remote sta-
tions, pesticide residues have been found. 

In the Netherlands, a very rough assessment made for 
policy purposes is that between two and four per cent of 
the total amount of pesticides used eventually ends up in 
groundwater and surface water. This is only an indica-
tive range, since it depends largely on the physico-
chemical characteristics of the pesticide involved, as 
well as on the application, weather and soil conditions. 

Pesticides can either be mobile or strongly adsorbed 
in the organic matter of the soil. They can be volatile, 
persistent or rapidly degradable by biological or physico-
chemical processes such as hydrolysis and photolysis. 
Sandy soils have only limited binding capacity and, 
therefore, pose a greater risk of leaching, as in the case 
of drained fields. 

The application of pesticides from aircraft or with 
strong air blowers, for example, in orchards, tends to 
have a greater spraying drift than normal field applica-
tions. Normally, the drift deposition, expressed as a per-
centage of the application rate, decreases exponentially 
with the increase in distance from the treated field. The 
amount of pesticide that is dispersed in this way depends 
on the droplet size; the actual wind velocity; the distance 
between the nozzles of the application equipment and 
the crops; and the distance between the adjacent water 
body and the treated field. This implies that the treat-
ment of fields bordering surface waters such as ponds 
and field ditches, or the maintenance of ditch banks, 
causes a high rate of pesticide input into these waters. 

Granules or fumigants injected into the soil do not 
produce this kind of drift problem. High wind velocity 
will cause considerable spray drift to "non-targeted 
areas". Leaching and run-off (the latter especially on 
sloping terrain) may occur after intense precipitation also 
from these non-targeted areas. 

In the worst cases, over 10 per cent of the applied 
amount of pesticides are found in the run-off water (e.g., 
dissolved in the water or adsorbed in eroded soil parti-
cles). This depends on several aspects, such as: the time 
of application related to the intensity and time of precipi-
tation; the specific degradation and absorption properties 
of the substance; the condition of the soil (e.g., frozen, 
compacted) and its water capacity; the slope of the 
treated area or fields, and the type of crops cultivated. 

Regarding the leaching of pesticides, a distinction can 
be made between leaching into groundwater, sub-surface 
flow, and flows down preferential pathways. In the case 
of both preferential and sub-surface flows, the transport 
to waters occurs in a rather short period of time. In the 
latter case, this can occur in drained fields, along the 
field boundaries and sometimes, if there are impervious 
clay layers present. in the soil profile. The quantity of 
pesticide that leaches into groundwater or surface waters 
can be assessed only in general terms because it depends 
on such variables as: 

(a) Specific pesticide properties (mobility, persis-
tence. sorption); 

(h) Soil properties (organic content, profile charac-
teristics, presence of macropores); 

(c) Drainage network: 

(d) Application methods (spraying or injecting in 

view of crop interception and volatilization) and type of 
crops; 

(e) Soil temperature with respect to degradation; 

(f) Weather conditions (e.g.. wet or dry periods, 
wind characteristics); 

(g) Application time (autumn application usually 
leads to higher leaching rates than spring application). 

Many widely-used pesticides, such as bentazone, atra-
zine, simazine and dinoseb, can be classified as a poten-
tially high risk for leaching into groundwaters. They 
have also been detected in surface waters. The concen-
tration of pesticides in the shallow groundwater zone is 
directly related to the amount of pesticide used on the 
field. The concentration depends on the influencing fac-
tors mentioned above, such as sorption and degradation. 
During transportation to deeper aquifers, dilution with non-
polluted water and degradation determine the final 
concentration. The appearance of pesticides in ground-
water is usually a sign that there is more to come, since 
movement through the soil column may take a long time 
and be influenced by retardation effects. 

A limited number of pesticides are licensed for the 
control of weeds in water bodies. In general, these sub-
stances are approved for use under strict conditions, such 
as a limited time-period of application or application on 
dry ditches only. In some countries, for example, in Den-
mark and Germany, there is already a complete ban on 
their use for these purposes. Such a ban is also under 
consideration in the Netherlands. 

It was found in the Netherlands that approximately 
one per cent of the total amount of pesticides used ended 
up as spray residue or in diluted washings. In general, it 
can be expected that, from time to time, farmers will 
want to dispose of pesticide waste. This can happen, for 
example, when: 

(a) An excess of spraying solution was prepared; 
(13) Spillage during filling spraying equipment oc-

curred; 
(c) Empty pesticides packages and empty pesticide 

containers remain; 
(d) Waste water used in cleaning spraying equip-

ment is to be handled; 

(e) Residual solution from immersion baths or sheep 
dips are to be handled; 

(f) Waste water from cleaning agricultural products 
is to be handled (e.g., some vegetables are cleaned at the 
farm before despatch). 

Furthermore, farmers may need to dispose of leftover 
pesticides which have passed their shelf-life date. Dis-
posal of waste may also be necessary in cases where 
leakage has occurred in pesticide stores. 

Special attention is required for the cultivation of 
vegetables and flowers in greenhouses. This will most 
probably be a specific local problem. Due to intensive ir-
ri ation, the risk of leaching is potentially somewhat 
higher compared to field conditions. There are a number 
of additional pathways from greenhouses by which pesti-
cides may reach surface waters. These are: 

g
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(a) Discharges from condensation -or rain gutters 
(e.g., deposits of pesticides on the interior glazing of the 
greenhouse, during application, may run off with con-
densed water or seep into the exterior rain gutter); 

(h) Discharges from overhead irrigation when used 
for applying pesticides; 

(c) Residual water from disposed rockwool mats 
used as an artificial root medium; 

(d) Washing water from the exterior and interior 
glazing of the greenhouse; 

(e) Residual water from special flower treatment. 

Apart from the different emission characters, it is es-
pecially the very high local concentration of this type of 
horticulture which causes major water-quality problems. 

II. TECHNICAL CONTROL MEASURES 

A. Agricultural practices 

On a sustainable basis, considering both the economic 
and ecological points of view, the negative effects of ag-
riculture on water can be effectively prevented, con-
trolled and reduced only at source. For this, it is neces-
sary to find a reasonable combination of yield and water 
protection requirements. 

Therefore, good agricultural practice regarding the 
nutrient supply of the plants should be orientated, in gen-
eral, towards the following objectives: 

(a) The type, amount and time of fertilizer and ma-
nure application should cover the plant's nutrient de-
mand, taking into consideration the nutrients available in 
the soil and in organic matter. This information may be 
obtained, for example, from soil and plant analyses or 
calculations based on regular plot-dedicated records, the 
conditions of the plot and the kind of cultivation. 

(h) Care should be taken to maintain the humus con-
tent of soil and adequate lime supply. 

(c) Fertilizers and manure should be applied prop-
erly by using functionally appropriate technology. 

Similar principles have to be applied for: 
(a) Land-use management, including crop rotation 

systems and the proportion of the land area devoted to 
permanent crops relative to annual tillage crops; 

(b) The maintenance of a minimum quantity of 
vegetation cover during rainy periods to protect the soil 
from erosion and reduce leaching of nitrates; 

(c) The establishment of fertilizer plans on a farm-
by-farm basis, and the keeping of records on fertilizer 
use; 

(d) The prevention of water pollution from run-off 
and the downward water movement beyond the reach of 
crop roots in irrigation systems. 

Several UN/ECE countries have already established 
codes of good agricultural practice. These codes, which 
may cover land utilization measures in terms of field pat-
terns, cropping and crop rotation schedules, soil cultiva-
tion, sprinkling, and integrated plant protection, are usu-
ally applied to the whole country. There is now atendency 
for these codes also to reflect aspects of protection of 

water resources. 

1. Prevention of erosion and sit/face run-off 
The prevention of erosion and surface run-off in agri-

cultural areas requires two categories of technical meas-
ures, aimed at improving soil characteristics to reduce 
soil weakness or at better controlling the non-point run-
off conditions with the collection of water into stream-
flows. 

The improvement of soil characteristics depends on 
farming practices aimed at: 

(a) Increasing soil resistance against erosion, by 
maintaining or restoring the physical structure of soils. 
As the organic complex is a basic factor of soil structure, 
good farming practices allow for adequate inputs of or-
ganic fertilization, at least by digging in crop residues 
and by green manure intercropping. 

(b) Preventing the mechanical destruction of the soil 
structure as a result of soil compaction by the tyres or 
caterpillars of heavy tractors, and of the breaking away 
of the soil aggregates into light particles caused by inap-
propriate tillage techniques. Against the compaction, es-
pecially in the case of a high proportion of silt and clay 
in heavy soils, the pressure of tractors on the soil can be 
limited by the use of adapted wheels, tyres or caterpil-
lars, which increase the contact surface, and by using 
less powerful and slower tractors on sensitive soils. To 
reduce the breaking down of the soil structure into very 
light particles, the working speed is reduced, and the 
choice of the tillage equipment takes into consideration 
the risk of detrimental effects. Consequently, some types 
of disk tillers and cultivators are not used in case of ero-
sion sensitivity. 

Sheet erosion intensity depends mainly on the poten-
tial for wearing away light silt particles by non-point 
run-off waters. Related to the flow speed, this intensity is a 
function of the slope and of the distance of flow before 
collection into streamflows. Ploughing and tillage rows 
determine preferential flow conditions, accelerate the 
erosion process if orientated along the steepest slope 
lines that have, depending on soil characteristics, at least 
an incline of one to two per cent. 

One remedial measure against non-point run-off is the 
orientation of ploughing and tillage rows along the con-
tour lines, or, if this cannot be done, by accepting a small 
gradient. This practice can be completed by limiting the 
length of the rows or by a specific land-use practice of 
the slope. In the case of steep slopes, especially concave 
slopes, the most appropriate land-use is permanent grass-
land. Special attention is needed if steep slopes are used 
for annual crops. Measures to reduce run-off should be 
considered, including setting up grassland strips along 
the contour lines, combined with smooth benches, if ap-
propriate, or by hedges. In any case, bare land is to be 
avoided during seasons of heavy rains or thunderstorms, 
either by maintaining a cover of thatch and other crop 
residues or by intercropping. Usually such practices are 
planned with due consideration to measures aimed at 
conserving soil structures. 

Such a set of measures does apply to preventing both 
sheet erosion (by cutting down the non-point run-off) 
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and gully erosion, if combined with appropriate specific 
techniques for directing the uncontrolled collection of 
waters into streamflows. For example, when planning a 
land re-allocation, the outflows are divided into as many 
small low-speed streamflows as possible by designing 
field borders and orientating the farm rows according to 
the land profile and slopes. Stable channels can be de-
signed to collect multiple small streamflows, without 
damage to their banks, by means of grass strips or plan-
tations. 

instances, 
In a number of nstances, the choice of the most ap-

propriate remedial or preventive technical measures was 
subject to risk assessment studies. These were carried 
out when soil characteristics of large agricultural areas, 
land profile and slopes had a significant sensitivity to 
erosion processes. Suitable measures to reduce soil ero-
sion covered, for example, green fallowing, catch crops, 
winter crops and reduced tillage techniques (e.g., avoid-
ance of mouldboard in autumn). The establishment of 
sufficiently broad vegetation zones (e.g., filter strips) 
along watercourses was considered a suitable additional 
measure. 

2. Reduction of seepage-based inputs 

Many anti-erosion measures that preserve a perma-
nent vegetation cover and conserve or improve the soil 
pattern are also a means of minimizing seepage-based 
inputs into water. Intercropping, for example, serves as a 
means of retaining excessive nitrogen amounts available 
for the plants and, in the short term, keeping it in the up-
per soil layer. Preservation of permanent grasslands is 
aimed at preventing nitrogen mineralization pushes. 

It is necessary, however, to carefully check all meas-
ures aimed at increasing soil permeability and reducing 
water storage capacity for their potential to increase leakage-
based material inputs into water bodies. 

Many measures related to appropriate fertilization can 
also immediately reduce seepage-based inputs into 
water. Thus, fertilizer amounts which meet the plants de-
mand and are applied taking into consideration the soil's 
current supply conditions, further deliveries from the soil 
reserves and the expected yield level will, in the long 
term, lead to reduced water pollution loads. The load can 
be assessed if fertilizer plans on a farm-by-farm basis are 
established and records are kept on fertilizer use. 

3. Extensification in agriculture 

Up to now, regulatory policy measures for extensifi-
cation of agrarian production in some UN/ECE countries 
have been aimed at easing the market and reducing sub-
sidies. At present. the inclusion of environmental consid-
erations into these regulations is under consideration. 

There are several extensification measures possible to 
cover water protection demands, such as: switching from 
very intensive land utilization to less intensive grassland 
farming in particular with a view to preventing erosion 
and reducing seepage-based material outputs; reducing 
fertilizer and pesticide application; restoring former wet-
lands and flood plains; simply leaving arable lands fal-
low: and reforesting. In the last two measures, there is 
adanger of an initial nitrogen release unless adequate in-

terim measures are taken. 

Land set-aside programmes and measures of various 
types have been discussed and tried in the past with 
varying degrees of success. Within the European Com-
munity, for example, it has now been decided to intro-
duce set-aside as one way of helping to reduce current 
agricultural problems and the impact of agriculture on 
the environment. 

Practical experience suggests that if farmers were to 
take crop land out of production for some years, habitat 
changes with benefits for the terrestrial environment and 
aquatic ecosystems would occur; but in the case of land 
set aside for only one or two years, the set-aside could 
lead to further environmental deterioration under spe-
cific conditions, such as extra use of herbicides in con-
nection with weed problems. The ongoing deterioration 
was particularly severe when the land was left as bare 
fallow. The same applies to reafforestation without in-
terim measures when the land was exposed to the risk of 
increased soil erosion or the increased leaching of nutri-
ents. 

Although extensification measures are taken in many 
cases, there is a priority for such measures in water pro-
tection areas. However, extensification measures under-
taken in water protection areas would be less effective if 
intensification of agricultural production was under way 
in other areas. 

B. Fertilization 

Fertilization, in compliance with water protection re-
quirements, means limiting the application of fertilizers 
to such an extent that the growing plants can utilize the 
nutrients from the soil and from mineral and organic fer-
tilizers as completely as possible. According to the 1989 
German Fertilizer Act, for instance, it is good agricul-
tural practice for fertilization to be adjusted to the plants 
and soil according to type, amount and application time, 
considering the available nutrients and organic sub-
stances in the soil and the location and cultivation condi-
tions. The need for nutrient supply to the plant has to be 
assessed in conformity with yield expectations and the 
respective local cultivation conditions, and with the 
quality demands of the products. 

The movement of nutrients in cultivated soils depends 
on the solubility of nutrients. Nitrates are almost exclu-
sively dissolved in the soil water. They are subject to 
leakage in any condition. Phosphates have a low rate of 
solubility and are retained by adsorption by silt and clay 
particles. They are released into the soil water along with 
the uptake by crops and show a very limited leakage to-
ward the deeper soil layers. Therefore, the risk of pollu-
tion depends on their physico-chemical characteristics 
and the nutrient content of the soils: 

(a) Any pollution of groundwater by phosphates will 
remain very limited, except in the case of some very 
light sandy soils that allow leakage of undissolved parti-
cles. The pollution of surface waters by these compo-
nents will depend almost exclusively on surface run-off 
and erosion carrying away soil particles with the ad-
sorbed phosphate molecules. It is therefore necessary to 
assess the phosphate content of soils in order to estimate 
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the soil sensitivity to erosion; but this does not require 
continuous analysis of the sensitivity of soils to erosion 
if phosphates are correctly applied according to the ac-
tual crop requirements. 

(h) On the contrary, the great solubility of nitrates is 
of major importance for their content in the soil water, 
with the probability of leakage toward groundwater. 
Therefore, there is a need to continuously assess the ni-
trate content of the soil water in order to determine the 
actual fertilization requirement. The nitrate concentra-
tion of the soil water able to minimize the leakage capac-
ity can be adjusted along with cropping conditions by 
means of balance sheets. Balance sheets are understood 
as a means of documenting the current amount, and the 
inputs and outputs of any substance related to a given 
balance area, e.g., an agricultural farm or field. Balance 
sheets take into account the existing stock of nitrogen in 
the soil in order to determine the requirement of fertilizer 
application at given stages of growth. 

The prevention of groundwater pollution by nitrates 
also requires periodic assessments of the nitrate content 
of soils. However, this assessment cannot be carried out 
by means of periodic soil analysis alone, because it is ex-
pensive and time-consuming. Model calculations are 
used which allow an approximate forecast of the content 
of nitrates in the These are based on "balance mod-
els" that compute the successive changes in the balance 
sheet according to the nitrate inputs and outputs in the 
root layer throughout the cropping season and consider 
ongoing processes in the soil during intercropping peri-
ods. 

The water content at different depths in the soil col-
umn is also measured periodically in a number of 
UN/ECE countries in order to assess irrigation effi-
ciency. Water in excess of plant needs can possibly per-
colate through the unsaturated zone thus increasing the 
likelihood of nitrate transport and groundwater pollution. 

1. Mineral fertilizers 
The characteristic feature of mineral fertilizers is to 

offer nutrients almost exclusively in a form that is di-
rectly available to plants. This is a good prerequisite for 
their actual use, in keeping with the nutrient demands of 
plants. according to their growth phase and targeted 
yield; the nutrient content of soils; and the soil's capac-
ity to make nutrient reserves available to plants. This al-
lows a high rate of nutrient utilization by vegetation to 
be reached and nutrient losses due to leaching, vaporiza-
tion and immobilization to be largely prevented. 

The application of other kinds of fertilizers, such as 
organic fertilizers, livestock manure as well as green ma-
nure, if any, is also important. Within the requirements, 
shown by the balance sheets, the amount of mineral fer-
tilizers will depend on inputs of other kinds of fertilizer, 
taking into account the time needed for their conversion 
into nitrates. It proved to be advisable to fractionate the 
application. Using a simplified balance-sheet model, 
such a practice allows to roughly adjust the inputs to the 
actual demand at growth stages (which require various 
concentrations in the soil solution) and to the weather 
conditions which have a decisive influence on the con-
version of ammonium and the dissolution of nitrates. An 
acceptable balance can also be found between the advantage 
of fractioning the application and the increase in the related 

operation costs. For example, a good proportion between 
inorganic and organic components of the fertilization 
may be helpful. In any case, programmes of applied 
field research are needed to determine, on a local or 
sub-national basis, the optimal conditions of application. 

Mineral fertilizers, especially nitrates, are very rapidly 
available in the soil water after application, in contrast to 
organic ones. The response of the crops is consequently 
almost immediate. For that reason, many farmers often 
use chemical fertilizers without reducing the related or-
ganic input, if any. Such an over-use can be avoided and 
comparable levels of yield nevertheless reached, if an 
adequate fractioning of nutrient applications is carried 
out. 

The main sources of information on how to imple-
ment good agricultural practice for farmers in many 
UN/ECE countries are fertilizer recommendations. In the 
United Kingdom, for example, such recommendations 
were published in 1985 in the reference book Fertilizer 
Recommendations for Agricultural and Horticultural 
Crops. In this book, crop requirement of nitrogen is de-
fined as the point on a curve (which relates financial out-
put from crop to fertilizer input) at which the increase in 
value of a crop begins to be offset by the increase in cost 
of nutrients. Computer-based services can make the best 
use of empirical databases derived from field experi-
ments, and fine-tune the recommendations made in 
printed sources, such as the above-mentioned reference 
book. Nevertheless, the principle of assessing the soil ni-
trogen supply and balancing it with the amount of fertil-
izer needed to meet crop requirement remains un-
changed. It is also important to continue the field 
assessment of the crop requirement under particular cir-
cumstances. Soil mineral analysis (ammonium-nitrogen 
and nitrate-nitrogen measured in soil samples taken from 
the soil profile up to a depth of 90 cm) has been used, for 
example ,  in  some German  Lander  ( e .g . ,  Baden-
Wurttemberg), as a direct measure of soil nitrogen sup-
ply and potential nitrogen release in the waters. 

For the technical and technological implementation of 
such fertilizer recommendations, it is important to have 
mineral fertilizers that are easy to handle and to rate. 
This makes great demands, inter alia, on both the fertil-
izers' consistency and the spreaders' adjustability. Avio-
technical distribution of mineral fertilizers cannot meet 
this requirement. 

In general, other precautions can be taken in mineral 
fertilization, such as: 

(a) Taking special care when applying any inorganic 
fertilizer on fields where there is a risk of run-off to sur-
face water. The risk is greatest when the field is water-
logged or frozen hard. 

(h) Avoiding unprotected intermediate open storage 
on the fields. The risk of pollution from solid fertilizer 
while in careful storage is relatively low, but pollution 
incidents, when they happen, can be serious. 

(c) Taking special precautions when storing and 
handling liquid inorganic fertilizer. The storage tank can 
be designed to suit the type and amount of liquid to he 
stored. Also, special liquid fertilizer applicators can be 
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used to avoid dispersion of wind-blown droplets into wa-
tercourses. 

(d) Preventing nutrient input into subsoil by avoid-
ing deep ploughing. 

In greenhouse farming, fertilization according to 
plant demand and recirculation of high-rate irrigation 
waters are of particular importance. Since greenhouse 
horticulture is highly technical, a number of sophisti-
cated technical measures can be applied. The general 
goal in the Netherlands, for example, is to achieve closed 
cultivation systems. This means, for instance, that meas-
ures are taken aimed at recirculating drainage and con-
densation water to avoid discharges of contaminated 
water. The use of drain water for irrigation can help to 
achieve this goal. 

2. Manure and waste from animal husbandry 

Due to high livestock population, especially their con-
centration in certain areas, many UN/ECE countries 
have to deal with large amounts of manure, organic fer-
tilizers or liquid, semi-liquid and solid waste from ani-
mal production. In terms of the number of animals per 
hectare, animal production has become more intensive at 
two levels: the individual farm and the livestock produc-
ing area. In many cases, associated changes in methods 
and organization of livestock farming have made it com-
parable to industrial production, and as a result manure 
has tended to be disposed of as "waste". 

The success of measures taken at source and techno-
logical add-on measures to overcome these problems de-
cisively depends on how far plant and animal production 
of a definite area have already deviated from each other. 
After the implementation of area-dedicated animal hus-
bandry, the following technical and technological meas-
ures promote, inter alia, water protection: 

(a) Providing sufficient, safe and environmentally 
sound storage facilities, according to structural regula-
tions, in compliance with environmental requirements; 

(b) Making available efficient and loss-reducing ap-
plication techniques (e.g., metering, even distribution; 
and the reduction of vaporization of nitrogen compounds 
into the air); 

(c) Immediately incorporating the manure into the 
bare soil (e.g., to minimize surface run-off and gaseous 
nitrogen losses); 

(d) Considering the exact nutrient content, e.g., of 
liquid manure; 

(e) Timing applications as well as possible, also 
with regard to the weather conditions (e.g., when there is 
no high radiation, and never in deep snow or on frozen 
soil); 

(t) Providing special feeding to influence the nutri-
ent content of livestock manure (e.g., to adjust the phos-
phorus content, decrease the protein content, reduce the 
content of heavy metals); 

(g) Separating rain water from dirty water so as to 
reduce the unnecessary dilution of slurries; 

(h) Spreading all types of organic manure only ac-
cording to crop needs. 

If slurry and manure were of a higher fertilizer value 

per unit volume, there would be more incentive and 
more possibilities of storing and using it. Pig slurries in 
particular could be produced in a more concentrated 
form and with less variable water content by improving 
the design of housing, animal watering facilities and 
washing-out systems. 

Solid manures include material from traditional 
straw-covered yards, manure with a lot of straw in it, and 
solids from mechanical slurry separators. This organic 
waste will generally contain enough bedding material, or 
enough dry matter to be stacked. Although solid manures 
are less likely to cause pollution than slurries, they can 
make a lot of liquid waste. 

Stores that have a concrete base with walls are re-
quired; and liquid waste should go into a tank. Although 
the risk of causing pollution by spreading solid manure 
is low, surface run-off can occur if rain falls after the 
waste has been applied. 

Supra-regional approaches (e.g., manure trading) as 
well as sophisticated measures for manure treatment 
(e.g., aeration, homogenization, clarification, separation) 
and manure utilization, as strived for in several UN/ECE 
countries, can be environmentally sound solutions in the 
short term. 

Given that surplus manure in the Netherlands, for ex-
ample, now totals 20 million tonnes, the Government of 
the Netherlands has decided to tackle the manure sur-
plus, inter alia, through different measures such as re-
ducing the mineral content of manure by reducing the 
mineral content in feed; stimulating the development of 
manure treatment and marketing arrangements, includ-
ing export; and increasing the marketing opportunities 
for manure by improving its quality. 

Apart from direct water quality problems, ammonia 
released from effluents contributes 20 per cent of the 
Netherlands' total acid deposition from the air, for exam-
ple. In areas where intensive animal husbandry is highly 
concentrated, almost two thirds of the trees are moder-
ately affected by acid deposition. Surface waters are be-
coming more acid; biological richness is reduced and 
fish mortality in rivers is increasing. In some areas, an 
increased acidity of groundwater leads to a remobiliza-
tion of aluminium and certain heavy metals. These prob-
lems are not confined to the Netherlands; widespread 
similar examples can be found in other UN/ECE coun-
tries, for instance, in Belgium, Denmark, Germany and 
Sweden. 

C. The use of pesticides 

The strategy for reducing the environmental impact of 
pesticides can be folinulated in several ways, from pollu-
tion prevention at source to the treatment of symptoms 
like unwanted environmental effects. This strategy may 
cover measures such as: 

(a) Reducing the fundamental need for chemical 
crop protection by offering alternatives and lowering the 
disease pressure (e.g., improving crop rotation and pro-
ducing disease-resistant cultivars); and the use of pesti-
cides only as required, rather than on a preventive basis; 
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(b) Authorizing the use of environmentally safe pes-
ticides only; 

(c) Ensuring the environmentally sound use of pesti-
cides by everyone working with them; 

(d) Taking strict precautions to prevent pesticides 
from spreading beyond the area treated, into water bod-
ies, for example. 

The main premise for reducing the need for chemical 
crop protection is to re-establish the ecological balance 
in agro-ecosystems by: 

(a) Preventive measures to reduce the occurrence of 
a plague or disease; 

(h) Obligatory decrease in the quantity of pesticides 
used; 

(c) Stimulation of research into, and application of, non-
chemical alternatives for crop protection. 

The first option includes measures such as: 
(a) Using high-quality, disease-free plant material or 

seeds; 
(b) Ensuring proper hygienic measures to prevent 

the spread of disease across different fields; 
(c) Limiting the amount of fertilizers given, since a 

number of diseases are also caused by forcing high yield 
(an integrated agro-system also means that a new opti-
mal balance is sought between input of pesticides and 
yield, instead of aiming for high yield only); 

(d) Simulating and regulating the extensification of 
crop-rotation schemes. 

The second option includes measures, such as: 
(a) Using the correct pesticide and the correct appli-

cation rate; 
(h) Improving the effectiveness of the application 

methods for pesticides (spraying in rows instead of full 
fields, weed streakers, periodic maintenance check). 

Consideration should be given to the fact that the 
presence of plague organisms is not in itself a problem, 
except when it exceeds certain damage threshold limits. 

The third option covers, inter alia: 

(a) Biological methods for pest control, mechanical 
methods for control of weeds, and integrated plant pro-
tection management; 

(b) The establishment of environmental and labour-
based criteria for biological plant protection agents; 

(c) The improvement and intensification of advisory 
services for these methods. 

In addition to human health considerations, pesti-
cides have to be evaluated in the light of their behaviour 
in soil and water, and for their undesirable effects on or-
ganisms in the environment, such as birds, fish and earth 
worms. This implies the need for prediction of environ-
mental concentration by fate modelling and comparison 
of the results with environmental standards. To do this, it 
is necessary to establish a set of clearly defined environ-
mentally based criteria which pesticides, or their main 
degradation products, must fulfil before bein  passed for 
use. These criteria will have to be based on precaution-
ary and ecologically acceptable principles (adequate se-
curity for uncertainties, long-term effects, combined toxicity 
of a number of pesticides and ecological effects 

thereof) rather than exclusively on the basis of their 
acute toxicity. 
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Some of the environmental problems caused by pesti-
cides are due to negligence, such as overspraying a ditch 
and improper disposal of waste. These can be overcome 
by ensuring that everybody handling pesticides does so 
with due regard for the protection of the environment. 
This means, for instance: 

(a) Carefully filling the equipment (preventing spill-
age; disposing of "empty" cans away from water bod-
ies); 

(b) Not making more spraying solution than needed; 
(c) Using pesticides on the fields in accordance with 

application rules (e.g., wind velocity, time of year, cor-
rect dosage) and with an eye to preventing environ-
mental pollution (e.g., not spraying beyond the edge of 
the field); 

(d) Maintaining the application equipment in good 
order (regularly replacing worn-out parts). 

In some countries, farmers have to undergo careful 
training in order to get a "permit of ability to handle 
pesticides". 

There is also a need to: 
(a) Carefully rinse used containers and add the rins-

ing water to the sprayer tank; 
(b) Apply the rinsing water from sprayer tanks either 

to an area of the crop or to sacrificial land; 
(c) Use, whenever possible, pressure rinsing equip-

ment for the latter purpose. 
Recently the development of collection systems by 

waste disposal contractors for incineration or chemical 
treatment has also been taking place. It is obvious that 
disposal by discharging these rather highly concentrated 
waste fluids into surface waters is very dangerous for 
aquatic ecosystems. In the past, in the Netherlands, for 
example, this has caused a number of fish kills. 

Reducing the use of pesticides will in general also 
lead to a reduction of the amount of pesticides diffused 
into the environment. In addition, a number of special 
measures can be taken for this purpose, such as: 

(a) Developing and using environmentally sound ap-
plication equipment (for example, spray drift shields); 

(h) Banning application techniques in which there is 
an unfavourable balance between effectiveness and envi-
ronmental load (there is, however, a need to establish 
criteria for new and existing methods); 

(c) Prohibiting the planting of crop trees adjacent to 
the ditch in orchards: 

(d) Encouraging the plantation of wind breaks; 
(e) Introducing pesticide-free zones (examples of 

this measure include pesticide-free zones of five to ten 
metres, as recommended in some German Lander; of ap-
proximately 0.5 metres next to field ditches and other 
water bodies as is now being considered in the Nether-
lands; and of six metres as required in the United King-
dom ); 

(f) Introducing a disposal and treatment system for 
pesticide residues and washings. 
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For greenhouse horticulture, the development objec-
tive is for greenhouse cultivation to be completely shut 
off from the environment. Recirculation of drain water is 
also the aim. Waste water discharges are prevented as 
much as possible, or treated and discharged into public 
sewer systems. 

Experience suggests that pesticide stores have to meet 
the highest standards of design, construction and safety, 
as well as be fire resistant and flood-proof. This is a ba-
sic requirement, as in incidents such as fire, for instance, 
the use of water can lead to severe pollution of water 
bodies. These standards require, for example, that liquids 
should not penetrate the floor, i.e., floors should be im-
permeable and either below ground level to form a sump 
as a second retainer, or that there should be a door sill 
and walls to prevent liquids from passing through and 
also to contain spillage. Such stores are subject to regu-
lar inspection. 

III. CODES OF PRACTICE AND 
GUIDELINES 

UN/ECE countries increasingly recognize the neces-
sity and the advantage of establishing codes of good ag-
ricultural practice, in accordance with water protection, 
which as country-wide action guidelines will become the 
basis for evaluation, support and control. 

In the United Kingdom, for example, the 1991 Code 
of Good Agricultural Practice for the Protection of 
Water is a practical guide to help farmers and growers to 
prevent water pollution. This Code describes the main 
risks of water pollution from different agricultural 
sources. Good agricultural practice is understood as a 
way of minimizing the risk of water pollution and pro-
moting the continuation of economic agricultural activ-
ities. The Code has been made widely available, free of 
charge, to all farmers. Similar codes exist, for instance, 
in some German Lander. They are also being formulated 
in some other UN/ECE countries. The Council of the 
European Communities also decided in 1991 with its Ni-
trate Directive that member States should establish codes 
of good agricultural practice for the protection of waters 
from nitrate pollution, to be implemented by the farmers 
on a voluntary basis. 

Practical experience suggests that the introduction of 
codes of good practice under the specific conditions of a 
country requires a series of accompanying measures, 
such as: 

(a) Differentiating the general guidelines and rules at 
the local level to take into account, inter cilia, natural 
conditions of the respective area; 

(h) Providin  the proper legal and economic condi-
tions required for practical implementation: 
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(c) Developing surveillance and monitoring methods 
in the particular area; 

(d) Ensurin  that the codes, the local implementation 
and control method, as well as the legal and economic 
principles, are approved within the context of socio-
economic policies: and that public relations work, educa-
tion, and well-orientated training are undertaken; 
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(e) Establishing interdisciplinary working groups, 

associations or similar bodies to implement water-
protecting agricultural practices. 

As individual measures cannot be considered in isola-
tion, and as these measures have to be implemented 
within the framework of a given agrarian policy, the cur-
rent state of the formulation and implementation of such 
codes varies greatly in UN/ECE countries. There is a 
need for utmost concern in the implementation of eco-
nomically effective and sustainable measures for the re-
duction of the input rate of substances hazardous to 
water, even on the soil. The exchange of corresponding 
guidelines and codes between countries could contribute 
in this respect. Harmonizing approaches and formulating 
common principles for developing guidelines could be 
very beneficial. 

IV. LEGAL, REGULATORY AND OTHER 
MEASURES 

Coordination of agricultural and environmental poli-
cies is still inadequate. In particular, there is a need for 
integrating relevant agricultural policies with policies for 
water protection. Agricultural production has always 
played an important role in the achievement of a guaran-
teed food supply for the population. Water management 
has traditionally fulfilled the function of creating opti-
mum conditions for agricultural production, for example, 
by irrigation or drainage. However, during the last few 
years, protection of water from the adverse impact of ag-
ricultural activities has increasingly become a matter of 
particular concern. In general, this should be seen in the 
context of the ongoing intensification of agricultural pro-
duction methods over decades. Policies and strategies for 
the prevention, control and reduction of the adverse ef-
fects of a ricultural practices on water and the environ-
ment in general have, however, so far only to a limited 
degree been incorporated into agricultural policies. This 
situation can be improved only through increased co-
operation at all levels, nationally, at government level as 
well as with competent local authorities, and internation-
ally with relevant bodies of the United Nations. 
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Recognition of the interdependence of agricultural 
and environmental policies has recently led in some 
cases to the revision of procedures for policy formula-
tion. There is now a higher degree of public interest in 
the identification of agricultural targets and objectives to 
prevent, for example, water pollution. 

Successful approaches, which are increasingly ac-
cepted in many UN/ECE countries, include the develop-
ment of river basin management. which guides all forms 
of land use within a catchment area, and environmental 
impact assessment for agricultural projects and meas-
ures. Integration instruments also cover: 

(a) Advisory approaches (e.g., direct advice to farm-
ers, media information to farmers and the general public. 
farmer-initiated conservation schemes); 

(b) Economic approaches (e.g., input taxes, imple-
mentation of the polluter-pays principle, land set-aside. 
direct conservation payments. removal of subsidies); 

(c) Legislative and regulatory approaches (e.g., 
chemical standards, prohibition of undesirable agricul-
tural practices. licensing of practices). 



Prevention and control of water pollution from fertilizers and pesticides 45 

A. Legal measures and regulatory instruments 

Input reduction of fertilizers and pesticides into water, 
or their prohibition, can be achieved by law and regula-
tory instruments, giving the farmer an incentive to im-
plement better water-protecting agricultural practices. In 
a number of countries, legislation provides the basis for 
the introduction and implementation of a code of good 
agricultural practice. 

Laws and regulations require, for example, that farmers 
or owners: 

(a)  Refrain from certain act ivi t ies ,  such as the 
ploughing of permanent grassland; 

(h) Take specific precautions, e.g., build adequate 
and safe storage for liquid or semi-liquid manure; 

(c) Establish shelterbelts near surface waters; 
(d) Do not exceed definite limit values when apply-

ing, for example, mineral and organic fertilizers and spe-
cific pesticides; 

(e) Keep application records to carry out regular 
checks. 

New legislation has been enacted in a number of 
countries. In Austria, for example, the new 1990 Federal 
Water Act restricts the maximum annual amount of ni-
trogen fertilization to 175 kg nitrogen per hectare of land 
without green cover, and to 210 kg nitrogen per hectare 
of land with green cover or pasture. The fertilization of 
garden land (e.g., for vegetable and flower production) is 
not covered by the provisions of this Act. The given 
maximum amount of fertilizer applies to the total sum of 
chemical fertilizers, organic manure, slurry and urine. 
Within these limits, established by law, each of the nine 
Austrian federal countries can itself regulate specific pe-
riods when fertilization is forbidden or apply more strin-
gent restrictions on the area to be fertilized or the 
amount of fertilizer per acreage to be applied. The 
amended Water Act also stipulates the limitation of 
"manure producing" animals per acreage. Each holder 
is entitled to up to 3.5 gross animal units per hectare of 
own land, without special permission. 

In Sweden, newly established legislation covers is-
sues such as maximum animal density. From 1995 on-
wards, only some 1.5 milk cows or 10.5 male breeding 
pigs will be allowed per hectare of land. These figures 
were derived from the requirement that the supply of 
phosphorus from manure throughout Sweden should cor-
respond to the average need of the crops in the crop rota-
tion period. As covering agricultural land by crops dur-
ing autumn and winter is seen as an effective means of 
reducing nitrate leaching, decisions were also taken on 
this subject. From 1992 onwards a certain percentage of 
all arable land in GOtaland must be held green-covered. 
From 1995 onwards, 60 per cent of arable land in the 
whole southern region and 50 per cent of the arable land 
in other Swedish regions must be green-covered. 

Special legal measures and regulatory instruments are 
also required for the control and authorization of pesti-
cides and the handling of pesticide waste. With respect 
to the recent amendment of the EC Council Directive of 
15 July 1991 Concerning the Placing of Plant Protection 
Products on the Market (91/414/EEC), for example, 
which is intended to facilitate the marketing of pesticideson 
the basis of recognition of licences in other member 

States, it is also essential to arrive at a harmonized as-
sessment method based on uniform principles and cri-
teria. As far as the whole UN/ECE region is concerned, 
there is the need to: 

(a) Develop and harmonize reliable and objective 
risk assessments for the legislation of pesticides; 

(h) Ensure that the same environmental standards are 
applied in all UN/ECE countries; 

(c) Regularly review the approval of pesticides, 
based on the assessment of the risk they pose to ground-
water, surface water and related ecosystems; and phase 
out those pesticides with a proven adverse effect on 
water; 

(d) Take into account specific restrictions, for exam-
ple, in vulnerable groundwater zones and other sensitive 
areas, when using pesticides. 

B. Education, training and advice 

In recent years, aspects of water protection in particu-
lar and environmental protection in general have increas-
ingly been incorporated into agricultural education and 
training programmes. In Germany, for example, aspects 
of environmentally sound agricultural production includ-
ing the appropriate use of fertilizers and pesticides are 
being included at all levels of education and vocational 
training in the field of agriculture. For instance: 

(a) Rules for vocational training and curricula for 
vocational schools stipulate that trainees should receive 
training in the prevention of environmental damage, pro-
tection and maintenance of water bodies, and prevention 
of erosion. 

(b) Curricula at agricultural technical colleges make 
environmental protection an integral part of teaching. 
This includes teaching in the fields of environmentally 
sound production, protection of the landscape and of 
water bodies. Regulations covering examinations for 
Master programmes require that proof should be given 
of the relevant skills and knowledge. 

(c) Education in the field of environmental protec-
tion is also an integral part of agricultural studies at col-
leges and universities. Aspects of water protection, 
proper fertilization according to plant demands, and re-
sponsible utilization of pesticides are covered in particu-
lar in the specialized areas of ecology and plant produc-
tion. 

Experience suggests that training and advice produce 
the best effects if relevant measures are based on the 
principles of understanding and voluntaryism. These 
measures may offer the farmer a great variety of general 
rules, guide values and codes from which the farmer 
may find appropriate water protection methods adapted 
to his specific local conditions and production scheme. 
However, an innovative look at the issue is also required. 
This poses particular demands on instructional, consult-
ing and educational work. 

In many UN/ECE countries, consulting systems have 
been established, especially for fertilizer application, 
plant protection, business economics and sprinkler irri- 
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gation. The gradually increasing acceptance of these sys-
tems was primarily due to their economic benefits. 

Plant-growing consulting services still tend to over-
look ecological considerations. Problems of business 
management continue to be the focus of these services. 
Furthermore, advice services on the use of mineral fertil-
izers, manure and pesticides were aimed, in some in-
stances, at achieving higher yield only. Nowadays, these 
services are being revised in some countries. In the 
Netherlands, for example, they are now being revised in 
order to include environmental aspects. 

Experience gained in a number of instances indicates 
the need for agricultural consulting services which lay 
more emphasis on the consideration of water, soil and 
the overall environmental conditions both in plant pro-
tection and in consulting services related, inter alia, to 
fertilization and sprinkling irrigation. Training in the 
correct use of pesticides, including methods for the con-
trol of pesticide-resistant species, is also needed. Experi-
ence has shown, for example, that overspraying, which is 
one of the main causes of diffuse water pollution from 
pesticides, was mainly due to a certain resistance on the 
part of farmers to adopt new practices. All this poses 
greater demands on the consulting systems (e.g., better 
foundation through environment-dedicated and locally 
differentiated field trials) and requires experienced con-
sultants. 

The implementation of appropriate measures requires 
both well-trained farmers and (in case of need) invest-
ment and modification to total farm restructuring (i.e., 
the farmer takes definite steps, for which he expects pub-
lic compensation). The need for better consulting serv-
ices and for the enactment of legislation leading to strict 
limitations also calls for appropriate regulations in eco-
nomic and agrarian policy. 

In the United Kingdom, for example, the Ministry of 
Agriculture's advisory arm (ADAS) has for many years 
been advising farmers on appropriate fertilizer applica-
tion, with a focus on the reduction of nitrate leaching 
into water. The advice has been available through vari-
ous means over the years. More recently the following 
measures were taken: 

(a) The 1991 Code of Good Agricultural Practice 
for the Protection of Water (which mainly focuses on 
disposal of animal waste rather than on inorganic fertil-
izers application levels) has been made widely available 
to farmers free of charge; 

(b) The services of "Fertiplan", a field-by-field com-
mercial fertilizer recommendation service, have also 
been made available free of charge in areas sensitive to 
nitrate pollution; 

(c) Advice on appropriate levels of fertilizer were 
set out in the 1985 reference book Fertilizer Recommen-
dations for Agricultural and Horticultural Crops. 

Partly as a result of the advice provided in the United 
Kingdom, autumn nitrogen applications to winter cereals 
and oilseed rape have fallen sharply. In addition, total ni-
trogen applications to arable crops have stabilized or 
even slightly decreased although there was an increase in 
agricultural yield. Advice has proved to be a very useful 
means of reducing applications of fertilizer to the crop 
requirement level. Also, the pilot Nitrate Scheme (see 
the section on monitoring and evaluation), set up in 1990 

as a means of testing the effectiveness of agricultural 
measures on nitrate leaching, prior to the introduction of 
the EC Nitrate Directive, included an intensive advisory 
campaign in areas identified as nitrate advisory areas. 

As concerns advisory systems in Sweden, all agricul-
tural enterprises with more than 25 animal units (ap-
proximately 18,000 in number) have been offered advice 
free of charge. This advice is aimed at establishing crop 
production plans for all these farms, as well as manure 
and inorganic fertilizer plans. From 1992/1993 onwards, 
free advice will also be given to farms with less than 25 
animal units, if these are located in sensitive areas re-
garding water and the general environment. 

C. Economic instruments 

The urgency of water protection has led to initiatives 
for the adaptation of agrarian policy to new requirements 
in market policy and economy in UN/ECE countries. A 
number of countries, especially member States of the 
European Community, are making a series of attempts to 
bring economic regulations and agrarian policy aimed at 
the containment of surplus production in line with water 
protection measures and measures to protect the environ-
ment in general. 

The implementation of economic instruments within 
the framework of given national regulations causes com-
plications, for example, in terms of exact financial regu-
lations, distribution of environmental protection costs 
and the achievement of long-term stability. The same is 
true for financial support granted for the building of stor-
age facilities, application equipment or manure treatment 
plants in animal production. 

Despite the extremely wide variety of particular na-
tional economic regulations, almost all countries have 
one problem in common: the distribution of costs. Fi-
nancing mechanisms such as the following have been 
put forward: 

(a) Imposing a tax on mineral fertilizers and pesti-
cides. 

(b) Making waterworks compensate the farmer for 
use restrictions in officially assigned drinking-water pro-
tection areas (in particular when these restrictions are 
more severe than those usually applied in drinking-water 
protection areas due to specific local conditions). In this 
case, water prices are raised for cost reapportionment 
among consumers. 

(c) Paying, from general budget subsidies and com-
pensatory payments, for the imposition of agrarian pro-
duction which protects water resources and the environ-
ment in general. 

(d) Making the consumers pay higher prices for 
higher quality agricultural products, thus enabling the 
consumer to benefit from high-grade produce and, at the 
same time, promoting agrarian production in keeping 
with requirements for the protection of water and the en-
vironment in general. 

(e) Imposing progressive taxes on surpluses of liquid 
manure and other polluting waste from animal produc-
tion, especially for numbers of livestock considered ex-
cessive for the locality. 
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(f) Paying compensation for extensification meas-
ures. 

(g) Reducing subsidies or charging for practices 
which lead to the pollution of water and other environ-
mental media. 

The above-mentioned models differ greatly from 
country to country in so far as the polluter-pays principle 
is concerned, which cannot easily be applied to agricul-
tural production. Financial support from other policy 
areas is given to farmers who comply with the require-
ments of good agricultural practice. As concerns the 
European Communities' negotiations on the reform of 
the common agricultural policy (CAP), some member 
States expect greater environmental benefits as well as a 
reduction in agricultural output from this undertaking. 
For example, it is proposed that direct payments to farm-
ers under the CAP should be made on condition that the 
minimum environmental protection requirements are re-
spected. These proposals are seen as a means of ensuring 
that farmers who receive financial assistance under the 
CAP protect the environment. 

D. Monitoring and evaluation 

In general, monitoring systems aim to provide infor-
mation in order to assess the current state of changes of 
water quality; detect water pollution to allow for early 
control measures; identify endangered areas; and to as-
sess the effectiveness of protective and restorative meas-
ures undertaken. 

Experience suggests that water pollution monitoring 
has to be more detailed the greater the threat to the water 
body concerned, and the greater the urgency of control 
measures and/or the need to protect the water body. 

The development of monitoring strategies has usually 
been driven by the needs of water legislation. This has in 
the past resulted in a rather piecemeal approach to moni-
toring. As regards the control of water pollution from ag-
ricultural practices, specific monitoring requirements 
arise. Monitoring is to be carried out so that it reflects 
the diffuse nature of this kind of pollution by taking into 
account, inter alia, both the seasonal and local variations 
in the application of pesticides, fertilizers and/or manure. 
This may require in most instances that water-quality 
monitoring is carried out not only in major surface and 
groundwaters potentially receiving inputs of substances 
from diffuse sources, but also in small creeks and ditches 
hydrologically connected with those waters. Further-
more, specific requirements arise regarding the choice of 
parameters subject to detailed monitoring in waters 
and/or early detection of adverse effects. Some countries 
report that the use of bio-monitoring systems is a useful 
tool for early detection of summary. adverse effects of 
the emission of substances on inland waters and on the 
aquatic life that they support. Nevertheless, there is a 
need to apply specific analytical methods to detect the 
presence of substances in water on a chemical-by-
chemical basis. 

Monitoring of pesticides in fresh water and soil is less 
advanced than monitoring of nutrients and heavy metals 
from agricultural activities. If pesticide monitoring is tobe of 
value to regulatory bodies and research, then in-

vestment is required for the development of, inter alia: 

(a) Multi-residue analysis techniques. 
(h) Analytical techniques capable of resolving pesti-

cide concentrations below the drinking-water standard in 
natural water (which contains suspended solids and other 
interfering organics) and sediment. 

(c) Biological indicators, both as general in-field 
pollution indicators and as pesticide-specific tests, e.g., 
immuno-assay techniques. The latter promise to provide 
quicker and cheaper methods of analysis. 

(d) Groundwater monitoring techniques, to provide a 
better means of distinguishing the temporal processes of 
groundwater contamination and, in particular, to deter-
mine whether the slow leaching of present-day applica-
tions will lead to the future contamination of deep aqui-
fers. 

Since there are a few hundred pesticides in use in the 
UN/ECE region, monitoring strategies on pesticides 
need to target those active ingredients which are likely to 
be found in surface and groundwater in the area of con-
cern. Models based on the physico-chemical properties 
of pesticides in combination with pesticide usage sur-
veys based on data collected on farm use can be used to 
this end. 

Experience from the United Kingdom also suggests 
that monitoring strategies on some pesticides are being 
tailored to hydro-meteorological conditions. For exam-
ple, pesticide movement through the soil can be driven 
by rainfall events as has been documented for atrazine. 
High concentrations in rivers can also be associated with 
periods of high field drainage, as has been recorded for 
the agricultural herbicide isoproturon. Such is the impor-
tance of river flow that, in the United Kingdom, moni-
toring strategies for certain pesticides will be tailored to 
them. For others, such as isoproturon, all year round 
monitoring will be required. 

In addition, it will be necessary to develop monitoring 
methods for both fertilizers and pesticides starting from 
the supervision of farm-based matter inputs and outputs. 
Such methods include, for example: 

(a) Compulsory records documenting any important 
agricultural activity related to the concrete field units of a 
given farm or from certain field or plot sizes upwards; 

(b) Proper balancing of the plant-soil-water system 
according to the particular plot or farm; 

(c) The elaboration and control of limit or control 
values of soil properties according to the particular loca-
tion and land utilization; 

(d) A critical look at the farm's organization to de-
termine whether the actual agrarian production is gener-
ally compatible with water protection requirements. 

As concerns drinking-water protection zones, the in-
corporation of the above-mentioned methods into agree-
ments between farming and water-supply enterprises or 
associations related to both agricultural consulting and 
direct cooperation, has been extremely effective. 

The EC Nitrate Directive also requires EC member 
States to introduce such guidelines into national law, and 
accordin ly to undertake relevant control. An appropri- g
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ate transitional period is set to both facilitate structural 
adaptation processes in agriculture and allow the control 
mechanisms required to be developed. 

In the United Kingdom, for example, ten nitrate sensi-
tive areas (NSAs) have been designated that cover an 
area of some 10,700 hectares. A comprehensive monitor-
ing programme is carried out in these NSAs. It has four 
components: 

(a) Measurement of nitrate leaching on selected 
fields, using porous ceramic cups; 

(b) Deep coring (dri l l ing in such a way that  a  
solid core is extracted) of the unsaturated zone down to 
10-15 m below the surface in selected NSAs; 

(c) Individual field data collection on cropping, fer-
tilizer input and other management practices affecting 
nitrate leaching; 

(d) Measurement of nitrate concentration in water 
abstracted from boreholes. 

The scheme is voluntary and farmers were invited to 
enter into five-year agreements which began in either 
1990 or 1991. The scheme requires farmers to follow 
specified practices designed to reduce nitrate leaching. It 
comprises two parts: 

(a) A basic scheme of measures under which farm-
ers are required to adjust existing practices. The meas-
ures include, for example, limits on the timing and level 
of fertilizer applications, constraints on grassland 
ploughing and cover crop requirements. 

(b) A premium scheme of measures under which 
farmers are required to convert from arable land to grass-
land or from grassland to woodland. 

Each farm will be visited at least twice during the life 
of the five-year agreement and farming practices and re-
cords of fertilizer applications checked for compliance. 
In case of breach, the payments may be withheld or re-
covered and, ultimately, the agreement may be termi-
nated. 

The results of this programme are expected to enable 
the evaluation of the extent to which agricultural meas-
ures can reduce nitrate leaching. A socio-economic 
evaluation is also scheduled during the life of the 
scheme. This will be used to assess the effects of the 
scheme on those who join it, notably on farm costs, in-
come and production and on the local economy. It is also 
intended to assess farmer attitudes to tackling the nitrate 
problem. In Spain, a similar scheme has been in force in 
selected areas since 1988. 

In the Gelman Land Baden-Wurttemberg, a special 
Order was enacted which is applicable to water pro-
t e c t i o n  a r e a s .  T h i s  O r d e r ,  e n t i t l e d  S CH A L V O  
(Schutzgebiets- and Ausgleichsverordnung), contains 
binding obligations on the maximum content of soil ni-
trogen in water protection areas in addition to obliga-
tions for the regular monitoring of this nitrogen content. 
In case of breach, compensation payments are withheld 
or the recipients must return the payments received. 

Models describin  the dynamics of nitrogen com-
pounds and pesticides in the soil-water-plant system pro-
vide a means of improving control, monitoring and 
evaluation. 

g

It is current practice, for example, to base nitrogen 

models on soil data gathered at the beginning of a crop-
ping season as well as on periodic soil analysis to adjust 
the model, when relevant. This approach is, for example, 
followed by nitrogen models developed in France. 

Usually, nitrogen models require the following input 
data: organic and chemical fertilizers, including green 
manure if relevant; crop residues dug into the ground; at-
mospheric inflow; nitro en content of transversal water 
flow in the upper layer; and nitrogen fixing by legume 
crops, if relevant. Outputs of models cover, inter alia, 
the crop or natural vegetation consumption; the horizon-
tal transfer by the transversal water flow in the upper 
layer; the denitrification process in the soil (as a function 
of the climatic and soil structure conditions); and the 
leakage to groundwaters (indicating the potential risk of 
their pollution). 
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Current day-to-day agricultural management is mostly 
based on simplified nitrogen models which have been 
developed for given crops, chosen among the most com-
mon at a given local level. Using rough estimates of a 
limited number of the most significant parameters (based 
on preliminary calibrations according to the local condi-
tions and soil analysis data) such simplified models can 
be processed by microcomputers. 

In France, tables are used for rough estimates of im-
portant variables, including estimates of the plant con-
sumption according to the crop, its stage of growth and 
the climatic conditions. Such methods are to be adapted 
to the specific features of the various crops of the crop 
rotation. 

Simplified models, elaborated by research institutes of 
the Russian Federation and Ukraine have also been 
used in day-to-day management practices in these coun-
tries. These models produce, with sufficient accuracy, 
information on the effect of agricultural practices on sur-
face, drainage and groundwaters, and enable the assess-
ment of effects of water protection measures and/or the 
risk of pollution under extreme conditions, such as acci-
dents. These models are run with a moderate set of input 
data. 

Model development for pesticide transport through 
ecosystems is not as well advanced as those for nitrate 
movement. Such models should be more complex than 
nitrate models. Additional aspects, such as the physico-
chemical properties of the pesticide; weather patterns 
(i.e., rainfall and dry periods); degradation rates under 
different soil conditions; pesticide partitioning between 
water, soil and sediment; transport processes within 
streams; land management techniques (drainage, etc.); 
timing of application; type of ground cover and extent of 
root development; soil and subsoil structure; aquifer 
structure; and position of surface-water drains, ditches 
and streams should be incorporated. In many cases, these 
models are subject to further research. 

E. Research and development 

Extensive research has been undertaken to understand 
and to cope with conflicts between intensive farming and 
the need to protect water and other environmental media. 
However, there is still a series of open problems calling 
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for basic and applied research. In particular, there is a 
need to develop forms of integrated land farming that are 
compatible with both the protection of water and the 
general environment and agricultural development, ac-
cording to socio-economic requirements. The latter re-
fers to less intensive land farming methods that remain 
to be developed in the long-term perspective. There is 
also a need for more research on effective control meth-
ods and monitoring techniques in order to assess compli-
ance with legislative measures and regulations. 

Areas of research and development are extremely 
wide and cover, inter alia: 

(a) Further exploration and development of appro-
priate less intensive farming methods; 

(h) Development and supply of appropriate farming 
equipment (e.g., equipment for distribution and soil cul-
tivation) and products (e.g., environmentally safe pesti-
cides, fertilizers which can be applied in exact doses); 

(c) Development of reliable sampling and analysis 
techniques (e.g., for soil and plant samples); 

(d) Reasonable integration of such sampling and 
analytical techniques into control and monitoring strat-
egies; 

(e) Deduction\ and improved technical and techno-
logical foundation of such control and monitoring strat-
egies, especially their improved scientific exploration. 

The further development of appropriate prognostic 
models on the dynamics of nitrogen compounds in the soil-
water-plant system as well as of simplified prognostic 
models for day-to-day use under field conditions is also 
the subject of research. At present, most prognostic models 
require the knowledge of cause-effect relations, for 
example, of chemical processes in the soil and the soil 
water. In many instances, the accuracy of the available 
information is only limited. These models also require 
many parameters to be assessed, a great capacity of data 
processing and regular and frequent comprehensive soil 
analysis to run or adjust the model. Such conditions can 
hardly be met at the farm level. However, such models 
are used as an instrument for further research and de-
velopment to improve the knowledge of processes in the 
soil-water-plant system, and as a tool to calibrate simpli-
fied methods which are used at the farm level. Experi-
ence also suggests that an integration of field observa-
tion and mathematical modelling provides a useful tool 
for making prognoses more objective. 

In the field of pesticide pollution research, activities 
on control measures have in the past concentrated on 
methods for improving both pesticide specificity and ap-
plication with the purpose of improving efficiency. Re-
ductions in pesticide usage and the development of less 
persistent, toxic and bioaccumulative formulae have not 
in the past been driven by the need to protect water. If 
this is to become a tangible aim, then aspects of water 
protection should become an integral part of the follow-
ing areas of research: 

(a) Changes in the formulation of both the active in-
gredient and its coformulants; 

(b) Application techniques including continued im-
provement in pesticide tar eting to reduce wastage and 
hence immediate water pollution problems; 
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(c) Change in strategy from prophylactic to reactive 

pesticide usage; 
(d) Model development for pesticide transport 

through ecosystems, as well as the investigation of the 
fate and risk associated with the metabolites of pesticide 
degradation. (The complexity of the latter issue will only 
come to light once all pesticides have been fully evalu-
ated.) 

The further strategy in the field of pesticide research 
leads to and forms an integral part of: 

(a) Integrated pest management (introduction of 
disease-resistant crops, use of biological control meas-
ures, reduced pesticide usage and improved pesticide 
management). 

(b) Extensification, in particular to ensure that the non-
crop land management techniques adopted do not pose 
a greater environmental risk in terms of the amount of 
pesticide and fertilizer required to maintain them. 

(c) Atmospheric transfer and the structure and func-
tioning of buffer zones under different agricultural con-
ditions. 

(d) Field management techniques, to determine how 
various land management practices affect pesticide 
leaching. Concomitant with this, research is required on 
the effects of temporal variation in application and on 
the importance of the physical and chemical characteris-
tics of pesticides on the leaching processes. 

(e) Disposal techniques designed to reduce the envi-
ronmental impact of pesticide waste, e.g., by filtration 
and degradation. 

There is also a need for further research and develop-
ment on issues such as improved technologies to treat 
unavoidable or locally excessive amounts of waste, for 
example, from animal production or greenhouse farm-
ing. Furthermore, reliable information on the manifold 
socio-economic problems arising from a step-wise trans-
formation of intensive agriculture into an environmen-
tally sound agricultural production is needed. This re-
search work requires interdisciplinary activity in various 
subject areas and institutions as well as research-
promoting strategies and the exchange of experience, 
findings and information among countries. 

CONCLUSIONS 

Many UN/ECE countries have, in the past decades, 
made tremendous technological advances in agriculture, 
resulting in a vast increase in production. This was made 
possible, among other things, by the intensified use of 
fertilizers and pesticides. However, adverse effects of 
this agricultural development, such as the eutrophication 
of inland waters through excessive inputs of phosphorus 
compounds, the pollution of groundwater and surface 
waters with nitrogen compounds and pesticides, and 
acidification have also become apparent, posing a seri-
ous threat to aquatic and terrestrial ecosystems as well as 
to the public water supply. 

Farmers have in recent years become more aware of 
their responsibility to prevent, control and reduce these 
adverse effects on water and the environment in general. 
Remedial action was undertaken in some countries 
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through action programmes and the introduction of good 
agricultural practice, adapted to specific local conditions. 
In a number of instances this has led to new legislation, 
regulations related to the new agrarian policy and to eco-
nomic tools for their implementation. Improved consult-
ing services, education and training on new possibilities 
provided by advanced methods to prevent pollution at 
source, in addition to add-on measures, have also been 
positive results of good agricultural practice. 

Achievements in the prevention, control and reduc-
tion of environmental pollution originating from agricul-
ture vary among UN/ECE countries, and there are a con-
siderable number of areas where further action is  
required. In many instances, information on technical 
measures to prevent and control pollution is adequate. 
Lack of implementation is, however, more often the key 
problem, for economic or policy reasons. 

Areas for further action or improvement relate, in par-
ticular, to: 

(a) Better coordination or even integration of agri-
cultural policies with environmental protection policies 
and land-use planning. 

(h) Assessment of the impact of proposed measures 
in the agricultural sector on all environmental media, 
since many measures still address the impact on water in 
isolation from the impact on soil, air or the living envi-
ronment.This has a specific bearing on the authorization 
of pesticides. 

(c) Elaboration and implementation of codes of good 
agricultural practice. Such codes should take into ac-
count relevant national legislation and be implemented 
nationwide to ensure that the basic environmental pro-
tection requirements are met. Sensitive areas should be 
subject to additional precautionary measures. The ex-change 
of corresponding guidelines and other relevant information 

between UN/ECE countries and the harmonization of 
approaches would be very beneficial. 

(d) Reorientation or development of new economic 
tools, both at the national and international levels, as 
there is a need to bring agrarian policy tools, which are 
nowadays mainly aimed at containing surplus produc-
tion, in line with protection measures for water and the 
environment in general. Further,more, mechanisms for fi-
nancial regulations and distribution of environmental 
protection costs are not yet sufficiently developed. 

(e) Development of monitoring and registration sys-
tems, as there is a growing need to acquire more infor-
mation on the present and future state of the environment 
regarding pollution by agro-chemicals. There is also a 
need to improve knowledge on faiin-based inputs and 
outputs and to monitor compliance with existing legal 
obligations and codes of good agricultural practice, and 
to use monitoring and surveillance as a feedback system 
by taking into account the data gathered, for example, 
when reviewing approvals of pesticides, determining the 
effectiveness of codes and assessing whether these codes 
need to be reviewed. 

(f) Education, training and consulting, as in many 
instances these measures are still designed to achieve 
higher agricultural production without due regard for the 
prevention, control and reduction of the adverse impact 
of agricultural practices on the environment. 

(g) Research and development, as there is a need to 
further develop sustainable and environmentally sound 
farming systems. This includes, for example, research 
into alternative and/or integrated plant protection meth-
ods, appropriate fertilization methods, waste manage-
ment, and efficient farming equipment. 


