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Nitrate pollution in the 
 groundwater resources of the 
public drinking water supply
Ways out and approaches to solutions
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Because of uncontrolled agriculture with nitrogen surpluses that are far too high, over a quarter of all ground-
water reserves in Germany exceed the standard of 50 mg/l and are thus lost for the drinking water supply. 
Nitrate values that continue to rise and wholly inadequate implementation of the EU Nitrates Directive have 
prompted the EU Commission to bring legal action against Germany before the European Court of Justice 
(ECJ). Targeted approaches to solutions are known here. The starting point is for agriculture to accept its 
causative role. Using the farm gate balance, nitrogen surpluses must be recorded and subsequently reduced. 
There is considerable potential for improvement in the poor nitrogen efficiency of German agriculture. The 
problem is additionally exacerbated by negative effects such as the biogas boom and declining denitrification 
capacity of soil and groundwater. Even if nitrogen efficiency is successfully increased from the current 50 to 
75 % within a generation, nitrate concentrations in the groundwater will stabilise only in the second genera-
tion. It is therefore high time finally to take action.

1. Trigger
For 30 years, nitrate pollution of the groundwater has 
been one of the unresolved problems of environmental 
policy. In connection with the reduction of the nitrate 
standard in the drinking water supply in 19861 from 90 
mg/l at that time to 50 mg/l, many drinking water pro-
duction sites were threatened at one stroke, as the 
standard had been reached or exceeded or would be 
exceeded in the foreseeable future due to rising con-
centrations. The EU set appropriate standards in 1991 
with the Nitrates Directive (Directive 91/676/EEC). With 
consistent implementation of the Nitrates Directive, 
there would have been sufficient time to resolve the 
problem and effect a trend reversal. However, analysis 
of the measured values including of the new measuring 
network shows that there are no improvements in the 
strained nitrate situation in Germany. For this reason, 
the EU Commission has brought legal action against 
Germany in the ECJ for non-implementation of the 

1 Regulation on drinking water and water for food operations (German 
drinking water regulation) dated 22nd May 1986

Nitrates Directive; the statement of claim dated 27th 
October 2016 comprehensively lists the deficiencies of 
the fertiliser application ordinance. This is confronted 
with an almost unimaginable level of inertia and igno-
rance from the German Federal Ministry of Agriculture 
and the lobby groups, above all the German farmers’ 
association. The lack of awareness of the problem is 
manifested very accurately in the following text pas-
sage: “…the German fertiliser system is superior to that 
of most other member states…” (communication from 
the Federal Republic of Germany to the European Com-
mission dated 10th September 2014 (Annex 10), p. 10.). 
The German farmers’ association goes one step further 
and claims: “The German fertiliser application ordinance 
guarantees adequate water protection.” [1]
However, this complacent view of things is contrary to 
the facts. These include that drinking water today can 
already no longer be obtained from over a quarter (28 %) 
of all catchment areas sampled, because the nitrate 
drinking water standard has been exceeded. The issue 
and the tension area are thus outlined and the following 
seven points are to be examined more closely in the 
following article:
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1. The main cause of excessive nitrate pollution of the 
groundwater is agriculture,

2. Due to denitrification processes, the full extent of 
groundwater contamination cannot yet be measured 
directly,

3. Negative developments are resulting in N balances 
rising again,

4. Unsatisfactory accounting methods and a lack of 
binding emission standards are supporting nitrate 
contamination of the groundwater,

5. The key to the problem is to improve N efficiency,
6. Decontamination will take one to two generations 

and succeed only if the pollution privilege of agri-
culture is broken, and last but not least

7. We do not have a knowledge deficit but rather an 
implementation deficit.

2. The start

2.1 Agriculture is causing nitrate pollution
The fact is: Germany has a nitrate problem. Even in 
recent years, water quality in Germany has not improved. 
This is also stated in the statement of claim dated 27th 
October 2016 from the EU Commission to the European 
Court of Justice [2]. At 40 % of measuring locations, the 
nitrate concentration has risen compared with the 
reporting period 2004 – 2007 [3, 4]. The need for addi-
tional measures or intensified actions has therefore 
become clear – but nothing has happened. This was 
precisely the starting point for the legal action of the 

EU Commission before the European Court of Justice 
for non-implementation of the EU Nitrates Directive. 
With the “2016 nitrate report”, under massive pressure 
from the German farmers’ association, a new measuring 
network (Figure 1) was introduced but the groundwater 
contamination has naturally not improved as a result. 
As such, 9 % of all groundwater measuring locations 
are already in the critical range between 40 and 50 mg/l 
and 28 % are “red”, i.e. so contaminated that drinking 
water can no longer be obtained from them without 
treatment or mixing.
In the view of the Commission, essential requirements 
of the German fertiliser application ordinance are 
inadequate to achieve the objectives of the Nitrates 
Directive. For example, the regulations to determine 
fertiliser quantities are not in accordance with the 
principle of balanced fertilisation. Under massive pres-
sure from Brussels and from the public and with evi-
dent reluctance, a reform of fertilisation was launched. 
It remains to be seen whether the Directorate General 
for the Environment assesses the planned changes 
as adequate.
The problem of excessive nitrate pollution of the drink-
ing water resources is based on the one hand upon the 
differing perspectives of agriculture and the water 
industry with regard to emission and immission objec-
tives, and on the other hand upon a very “broad” inter-
pretation of the specialist agricultural laws, the result-
ing water body “pollution privilege” culminating in the 
actual practice of the agricultural authorities specifi-

Figure 1:  Nitrate concentration distribution according to the new and old measuring network(s) as well as 
bodies of groundwater at risk
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cally turning a blind eye, e.g. in the form of non-assess-
ment of nutrient balances. Whereas agriculture postu-
lates emission values as “given” by the farm type and 
“good” (!) professional practice, the water industry must 
comply with immission targets as limits (e.g. in the form 
of the drinking water standard). Here, emission values 
that are (too) high, incl. coupled with low resilience of 
the locations and declining denitrification capacity, 

conflict with strict immission requirements in the form 
of the drinking water standard (Figure 2; [5]).
Over many years, agriculture has denied that it is the 
cause of the nitrate problem at all, yet there is now no 
longer any way around this finding. This evaluation has 
demonstrated over 60 years that there is a direct correla-
tion between nitrate surpluses from agriculture and the 
nitrate concentration in the groundwater. Figure 3 shows 
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Figure 2:  The potential for conflict between agriculture and the water industry: Excessive emissions 
result in limits being exceeded, immission targets of the water industry result in emission 
values that are not accepted by agriculture

Figure 3:  Agriculture contaminates the groundwater with nitrate. The N surpluses (brown area) produce a rise in 
karst spring water from the Landeswasserversorgung Buchbrunnen spring that continues over decades 
(blue line) – only the significant reduction in N surpluses from 1990 [6] prevents a further rise
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the nitrate concentration in the spring water from Buch-
brunnen spring; the catchment area is 280 km², the brown 
area represents the nitrogen surpluses for Baden-Würt-
temberg. Based upon nitrate concentrations around 10 
to 15 mg/l at the end of the 1940s, these climb to approx. 
35 mg/l. Unfortunately, these graphs are the exception; 
further rises are all too often the rule.

Particular problems exist in the highly polluted 
regions such as the northwest of Lower Saxony (Fig-
ures 1 and 4). Thus, almost 80 million m3 of drinking 
water are delivered in the water board territory of 
OOWV and 20 million tonnes of manure are disposed 
of in the catchment areas of the springs, i.e. 1 m3 of 
manure for every 4 m3 of drinking water. The problem 
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Figure 4:  Status for the total N balance surplus and nitrogen use efficiency in Germany

Figure 5: Actual status of the total N balance surplus and nitrogen use efficiency in Germany (from [7])
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therefore has a name: manure! Nationwide in Ger-
many, farmers dispose of 200 million tonnes of 
manure – which is around the water delivery volume 
of Berliner Wasserbetriebe – into the environment. 
The fact that this is mostly waste disposal demon-
strates the worse than poor N efficiency of German 
agriculture.

2.2  Excessive nitrogen surpluses and deficient  
N efficiency

According to assessments by the scientific advisory 
boards for agricultural policy and fertiliser issues at 
BMELV (the German Federal Ministry of Food, Agri-
culture and Consumer Protection) [7], it has been 
possible to reduce total N balance surpluses to 97 kg 
N/ha and year in recent years on average nationwide 
along with an improvement in nitrogen efficiency 
from 35 to almost 50 %, but this level of 97 kg or 50 % 
is still wholly unacceptable with respect to ground-
water pollution from nitrate surpluses. Values greater 
than 80 % are achievable; the best values today are 
already over 90 %. This is the benchmark for “good 
professional practice”. Furthermore, there is a clear 
correlation between total balance surplus and N effi-
ciency (Figure 5).
Added to these efficiency and emission data, which 
are wholly inadequate in themselves, are newer, 
adverse effects, which will be fully felt only in the 
continuation of the statistics. These include for exam-
ple the increasing N use in connection with the biogas 
boom (Figure 6), the accompanying trend towards 

maize monocultures, and associated crop rotations 
that are unfavourable for water protection, as well 
as the further increase in “refinement” with livestock 
grazing figures that are far too high and a declining 
capacity to decompose nitrate in aquifers. The graph 
shows the development of biogas plants as an exam-
ple – the green curve – in Germany at the end of 2014: 
7,820 plants with over 3,500 MW installed power [8], 
and maize cultivation area.
The urgent need is for emission caps that are related 
to catchment areas and coupled with the target 
immission value. Why? This is demonstrated by the 
example of the nitrogen balance for the 460 km² 
water protection zone III in the Donauried-Hürbe 
water protection area. The nitrogen surpluses from 
agriculture are over 80 kg per hectare. New ground-
water recharge of approx. 250 mm p.a. results in a 
karst water supply of 116 m m³ per year. 80 kg nitrogen 
surplus per hectare from agriculture produce 2,400 t; 
320 t come from the other areas and waste water 
seepage. A maximum of 60 % is reduced by denitrifi-
cation in the soil and aquifer. The nitrogen is trans-
ferred as nitrate ion, such that the nitrogen must be 
converted into nitrate. In total, this is over 4,900 t. 
4,900 t divided by 116 m m³ gives a concentration of 
42 mg/l. This corresponds to the nitrate values meas-
ured in the groundwater at preliminary measuring 
locations. For this catchment area, a target value of 
30 mg/l has been agreed with the state. From the 
balance, it follows that the nitrogen emissions from 
agriculture need to be reduced from approx. 4,300 

Figure 6: Number of biogas plants in Germany and maize cultivation area
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tonnes per year to approx. 2,900 tonnes per year, i.e. 
by a third, in order to achieve this target (Figure 7).

2.3 Permissible nitrogen surpluses
In the calculation of the permissible and sustainable N 
surpluses, the basic and simple equation applies for 
calculation of nitrate concentration from N surplus 
(expressed as mineralised nitrogen), seepage water rate 
S and denitrification proportion d:

Immission value Emission value

 ( ) ]/[1•443 min
3

lmgd
S

NCNO −=  (1)

To comply with a target value of 40 mg/l at 50 % deni-
trification and a seepage water rate of 220 mm, only 40 
kg N/ha would therefore be permitted to enter the 
groundwater2.

 Target value

 ( ) ]/[5.01
220
40

•44340 lmg−=  (2)

Where:
CNO3: Nitrate concentration in the groundwater
Nmin: Mineralised nitrogen in kg N/ha
d: Proportion for denitrification (approx. 0.5)
S:  Seepage water volume in the period under review 

(≌ 220 mm)

2 Rule of thumb: At 220 mm seepage/year and 50 % denitrification: 
Nitrate concentration ≌ N sur-plus

If the actual value of 97 kg N/ha rather than the target 
value of 40 kg N/ha is inserted into the equation, then a 
nitrate concentration of 97 mg/l is obtained, i.e. approx. 
double the drinking water standard. Based on new 
research findings by DVGW (the German association for 
gas and water) [9], it must be assumed that the denitri-
fication capacity in the unsaturated zone and in the 
aquifers will be exhausted in the foreseeable future. In 
this case, the seepage water concentration reaches val-
ues that are four times the drinking water standard. This 
is supported by recently published data from the German 
national nitrate database established by the water indus-
try associations [10], according to which the nitrate limit 
is already exceeded at 25 % of preliminary measuring 
locations.
It is therefore clear: The nitrogen surpluses must be at 
least halved, although the largest implementation and 
regulation deficits exist at precisely this point. Tricks, 
deceit, falsification and concealment are used, in short, 
the entire toolbox of a backward-looking agricultural 
policy that is largely indifferent to future generations 
and their needs for usable environmental resources. 
There is massive resistance to the farm gate balance 
– the analysis below shows why.

3. Accounting methods
Essentially, there are three frames of reference to 
account for nitrogen flows at operational level: overall 
operation, the accounting area or the parcel (Figure 8). 
Also essentially, the smaller the accounting area, the 
less certain the accounting quantities are. The farm 
gate balance and the field-balance required in the cur-

Figure 7:  Nitrate loads in the Donauried-Hürbe water protection area – The balance for the catchment 
area (protection zone III) shows the correlation between (permissible) emission values and 
immission (target) values in the groundwater
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rent fertiliser application ordinance [11] are to be dis-
cussed below. Real operating data are available from a 
DVGW R&D research project [12].
The farm gate balance is the accounting tool of choice 
for collecting reliable data from the emission site, as 
it accounts for which nitrogen quantities enter a theo-
retical farm gate and which leave the farm again 

through it as agricultural products. The difference 
goes into the environment as losses. The numbers in 
Figure 9a are from a DVGW research project and from 
a real farm. A nitrogen surplus of 92 kg N/ha/year is 
calculated. Figure 9a also shows the principle of the 
farm gate balance. The simple question is: “What 
goes into the farm and what leaves the farm in nitro-

Figure 8:  Emission-based instruments: Accounting methods – reference levels and account-
ing quantities

Figure 9a: Emission-based instruments: farm gate balance / farm gate area balance – Accounting area and 
accounting quantities (from [12])



32  | 2 2017WATERS  LUTI  NS

RESEARCHWATER

gen in the form of agricultural products?” All balance 
accounting quantities in green arrows are document-
ed by the bookkeeping and thus of high quality. For 
the same business, Figure 9b shows the numbers for 
the field-balance.
Here the quantity of nitrogen moving between field 
and stable is accounted for. Critical here, particularly 

in the case of livestock farms, are the farm fertiliser 
flows (manure) as well as the storage and spreading 
losses, which are determined by rules of thumb or 
table values and which are therefore less reliable. 
Through the intrinsic weaknesses, the field-balance 
introduces a range of results desired (by the lobby-
ists) such that the required target N balances can 

Figure 9b:  The accounting area from the field-balance: Disadvantage: N content of the farm fertiliser and 
spreading losses based on table values (great uncertainty)

Figure 10: Massaging the figures with losses: The loss deductions in the German fertiliser application ordinance 
(DüV = Düngeverordnung)
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almost always be achieved. This also emerges from 
the origin of the accounting quantities. We find min-
eral fertilisers, symbiotic N compound and, as the 
dominant accounting quantity, farm fertilisers. On 
the other side, there are feed and green matter, which 
go from the field back to the stable. In case of farm 
fertilisers, a considerable 77 kg N/ha are deducted as 
spreading and storage losses, such that the balance 
is initially determined at 67 kg N/ha. However, the 
question arises of where the 77 kg N losses go. It must 
be assumed that approx. a third of them land region-
ally back on the fields – either of the farm itself or 
even of neighbours – as atmospheric deposition and 
would consequently have to appear in the balance. 
The field-balance would therefore be back in the order 
of the farm gate balance.
How deceit, tricks and cover-ups are effected here is 
demonstrated by the “massaged accounting cascade” 
in the fertiliser application ordinance (Figure 10). 
Initially, there are 100 kg N waste in the stable. 
According to Annex 6, 15 % storage losses can be 
deducted here – making 85 kg N. Then a further 30 % 
stable, storage and spreading losses can be deducted, 
making 70 kg. 60 % of the 85 kg N are estimated as 
permissible nitrogen in accordance with Annex 3 or 
the recommendation of the chambers of agriculture, 
so 51 kg N remain and thus 30 % of losses “vanish” 
into the atmosphere and 19 % into the soil. Vanish? 
Unfortunately, not.

The fact that the field-balance displays considerable 
blurs, which can be misused, was established in the 
DVGW R&D research project [12] already mentioned. 
In the research project, the “creative possibilities”, 
i.e. manipulation opportunities of the field-balance 
and farm gate balance were reproduced by a Monte 
Carlo simulation for the farms. To this end, all 
accounting quantities from real farms were randomly 
subjected to a fluctuation margin that experts con-
sidered to be plausible and the frequency distribution 
of the field-balance or farm gate balance was deter-
mined. Figure 11 shows the results. The extremely 
broad fluctuation range of the field-balance is nota-
ble. With this variance of the field-balance, farmers 
will always succeed in “calculating themselves into 
the permissible range”. By contrast, the fluctuation 
range of the farm gate balance is significantly 
narrower.
The implementation of the new fertiliser legislation 
will therefore depend very much upon the “material 
flow balance” not being fiddled again and for example 
upon the gaseous losses being deducted. Simply the 
fact that a new name has been selected sows the 
seeds of mistrust. In addition, the question arises, 
from where the implementation willingness of the 
agricultural administration should suddenly come 
actually to enforce the urgently needed stricter emis-
sion standards and to ensure execution with real 
“bite” among its own clients.

Figure 11:  Comparison of the frequency distribution of field-balance and farm gate balance; the 
extreme fluctuation range of the field-balance (from [7]) is notable
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Figure 12 shows why the farm gate balance is urgently 
required for all farms: The farm gate balance is a very 
powerful tool for advice. What can be seen is the N 
balance plotted against the nitrogen efficiency. It lies 
in the definition of nitrogen efficiency that lower effi-
ciency is associated with high N balances, i.e. high N 
losses, and vice versa. However, these statistics also 
reveal: you identify immediately which farms you need 
to advise, which are within the normal range and how 
high the typical “best practice level” is for the region. 
The keywords are “transparency” and “efficiency in 
advice”. However, the graph also shows that it is pos-
sible even in livestock farms to work with nitrogen 
efficiencies in the order of between 60 and 80 %. It is 
precisely this which is the starting point: the improve-
ment of N efficiency.

4. N efficiency as the key
In the long term, it will be possible to end the never-
ending story of excessive nitrate surpluses and the 
associated nitrate contamination of drinking water 
resources only if the N efficiency of agriculture is sig-
nificantly improved. Whereas the level nationwide in 
Germany lies at barely 50 %, there were farms for 
example in the DVGW project [12] that were signifi-
cantly above 60 % and at the peak 90 %. This marks 
the reference level of good professional practice; any-
thing else cannot be reconciled with payments for 
“environmental performance” as part of EU agricultural 
support and remains at the level of agricultural sub-
sidies believed to have been overcome.

This must be the starting point in the implementation of 
the new fertiliser legislation and the infringement pro-
ceedings against Germany. The objectives of the EU 
Nitrates Directive will not be achievable in Germany with-
out binding emission targets and a reliable accounting 
method. It is an ambitious but achievable objective to 
improve nitrogen efficiency from 50 to 75 % within a 
generation. The urgently needed target value of 40 kg N/
ha for the water industry would thus also be achievable. 
Because of the inertia of the aquifer systems, the 
response of the groundwater will take at least a further 
generation.
Even then, there will be dramatic developments regionally 
if the denitrification capacity drops in some catchment 
areas more quickly than the nitrate concentrations decline 
[13]. No more time must be lost with politically tactical 
games on the part of agriculture; action is needed now.

5. Conclusion
The conclusion from the inventory is presented as 
follows:

 ■ Germany is facing well-founded legal action before 
the ECJ due to non-implementation of the Nitrates 
Directive.

 ■ The nitrate standard is exceeded at 28 % of all meas-
uring locations and nitrogen emissions are 97 g N/ha 
and year.

 ■ The nitrate input from agriculture is the cause of ni-
trate pollution of the soil and the groundwater. In many 
places, this is currently still being concealed by deni-
trification. However, these effects are finite.

Figure 12: Tolerance limit and notable farms for the key figure of “N efficiency”
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 ■ The current accounting methods are inadequate.
 ■ We do not have a knowledge deficit.

From this sobering result, there is an immediate need for 
action, which must fulfil the following requirements in 
respect of a sustainable protection strategy for the 
groundwater as our most important drinking water 
resource, in order not to remain merely wastepaper:

 ■ Nitrogen emissions must be reduced to 40 kg N/ha and 
year, nationwide 950,000 t per year.3  

 ■ The farm gate balance must be introduced and moni-
tored comprehensively.

 ■ Infringements of the tolerable N balances of 40 kg N/
ha and year must be punished with removal of cross-
compliance services and punishments as administra-
tive offences or criminal offences.

 ■ The existing specialist agricultural laws must be con-
sistently implemented and compliance with them must 
be monitored.

 ■ Legal bases must be created for data exchange and 
transparency.

 ■ We do not have a knowledge deficit but rather an 
implementation deficit.

Which approaches to solutions are available? Obviously 
not the complacency and arrogance of the German Federal 
Ministry of Agriculture (“…the German fertiliser system is 

3 2016: 16,726,000 ha agricultural area x (97 – 40) kg N/ha = 953,000 t

superior to that of most other member states…”) – it is 
worth looking abroad. Problem solvers are:
1. The database-supported, transparent and networked 

collection of all emission data on the basis of the farm 
gate balance.

2. Introduction of a business-specific, maximum permit-
ted nitrogen emission quota (Denmark).

3. Decoupling from livestock and area through the obliga-
tion to treat farm fertilisers and substitution of min-
eral fertilisers (Belgium).

4. Introduction of a register for farm fertilisers (Nether-
lands).

5. Consistent enforcement of current specialist law (not 
in Germany) and punishment of infringements.

Check the references:
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Figure 13: Objectives for total N balance surplus and nitrogen use efficiency in Germany
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