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Water report for Germany
Germany is famous for its rich water resources, with an amazing quality of drinking water.

Groundwater accounts for more than 70 percent of the drinking water in the country, making it
a crucial resource. However, recent environmental reports have highlighted important issues

that Germany will face due to climate change, water scarcity, and human activity.

Impact of climate change on water resources

Increasing heatwaves and droughts in recent years have led to regional water scarcity and
associated conflicts in Germany. A report by the German Environment Agency (UBA) found
that the accessibility of water in Germany will decrease in the future due to the influence of
climate change. This situation is expected to get worse as climate change progresses, leading
to conflicts over water use, such as impaired drinking water supply, infrastructure problems,
and water price issues. Since 2015, the number of reported water usage conflicts has increased

significantly, particularly in the northeast and along the Lower Rhine River.

Despite Germany being rich in water resources and using only about a quarter of the available

water, certain regions face conflicts due to a lack of surface and groundwater. This is



worsened by climate change, affecting both water availability and quality. Studies predict a
significant drop in groundwater levels over the coming decades, with forecasts suggesting this

trend will persist.

Human impact on water resources

Human activities significantly impact water resources in Germany. Specifically, Industrial
wastewater, plastic pollution, and fertilizer runoff are major contributors to water
contamination. Industries release pollutants into bodies of water, causing contamination and
jeopardizing water quality. Furthermore, Plastic pollution makes the problem worse,
impacting aquatic life. Another significant concern is that agriculture contributes to nutrient
runoff, especially nitrates, leading to eutrophication (the excessive richness of nutrients in
water bodies, leading to dense plant growth) and harming aquatic ecosystems. As a result, this
increases drinking water treatment costs. In terms of industrial impacts, damming affects
natural water flow and disrupts aquatic ecosystems. Similarly, fracking poses a threat to
groundwater resources and increases the risk of pollution. Related to these extraction
activities, oil spills, although less frequent, still pose a risk to marine and coastal ecosystems.
The transportation sector also contributes to these issues, as the shipping industry contributes
to water pollution through ballast water discharge (water carried in ships' hulls for stability
and released at ports), oil leaks, and noise pollution. Finally, excessive use of potable water
for lawn irrigation stresses freshwater resources, especially during droughts.

Civil engineering and water treatment infrastructure

To address these human impacts and ensure water quality, Germany has developed highly

advanced water treatment infrastructures. Germany's water treatment infrastructure is



extensive, with approximately 10,000 facilities serving over 83 million people and processing
roughly 5 billion liters a day. These facilities work under the strict guidelines of the DVGW
(German Technical and Scientific Association for Gas and Water) and implement
comprehensive treatment processes. The treatment begins with primary processing, where
mechanical screens and sedimentation tanks (storage tanks that remove solids from water
using gravity) remove large particles, eliminating approximately 60% of suspended solids.
This is followed by secondary treatment, which employs biological processes using activated
sludge, removing up to 85% of organic matter. The final part of the treatment utilizes
advanced filtration methods, including membrane technology and UV disinfection, achieving

99% purification rates.

The Berlin Water Works, one of Europe's largest facilities, exemplifies German engineering
excellence. Serving 3.7 million residents, it processes 545,000 cubic meters daily using
innovative bank filtration systems. The facility's energy-efficient design reduces operational
costs by 30% compared to traditional systems. Infrastructure management relies on digital
monitoring systems that track water quality in real-time. The DVGW's preventive
maintenance program requires quarterly inspections of major components and annual
comprehensive inspections. Emergency response protocols ensure service continuity, with

backup systems capable of maintaining 72 hours of operation during critical failures.

Recent innovations in German water treatment include the implementation of smart sensors
for leak detection, integration of Al-driven quality control systems, installation of energy-

recovery systems, and adoption of microplastic filtration technology. Despite these advances,



Germany faces challenges from aging infrastructure in some regions. The National Water
Strategy addresses these issues through a €6.5 billion modernization initiative focused on
climate resilience and digital transformation. The program aims to upgrade 30% of existing

facilities by 2030, ensuring sustainable water treatment for future generations.

Germany’s alignment with SDG 6

Germany’s successful efforts to maintain clean and safe water throughout their country make
them an excellent contributor to the United Nations’ Sustainable Development Goal 6. The
overall objective of SDG 6 is to “Ensure availability and sustainable management of water
and sanitation for all,” which comprises 8 targets intended to be met by 2030. Germany’s
initiatives have lived up to the targets in several aspects, including water resource
management, W.A.S.H (Water, Sanitation, and Hygiene), and ecosystem protection. Firstly,
water resource management is about improving water quality, reducing pollution, and
ensuring sustainable water use. Secondly, W.A.S.H emphasizes the importance of water,
sanitation, and hygiene in relation to public health, safety, and development. Lastly, ecosystem
protection involves protecting and restoring water-related ecosystems, including mountains,
forests, wetlands, rivers, aquifers, and lakes. Germany has gone above and beyond in creating
and enforcing policies, investing funds, and advocating in all of these categories. The SDG 6
Portal is a resource available for countries to track global, regional, and national progress
towards SDG 6, assess and analyze the state of water resources, and raise awareness about

water and sanitation issues.

Ambient water and sources of freshwater in Germany



Ambient water refers to water that is naturally present in the environment, including surface
water like rivers, lakes, and oceans, as well as groundwater in aquifers. Germany has a
number of major rivers and their tributaries that serve as sources of fresh water. The Rhine
River's primary tributaries include Moselle, Main, Lahn, Neckar, and Ruhr. The Danube
River's primary tributaries include Inn, Isar, Lech, Wornitz, Altmiihl, Naab, Regen, and Ilz.
The Elbe River's primary tributaries include Vltava, Ohte, Mulde, Saale, Havel, and Schwarze
Elster. The Weser River's primary tributaries include Fulda, Werra, Aller, and Leine. The Main
River's primary tributaries include Regnitz, Franconian Saale, and Tauber. The Oder River's
primary tributaries include Lusatian Neisse, Warta, and Bober. The Neckar River's primary
tributaries include Kocher, Enz, and Jagst. The Havel River's primary tributaries include Spree

and Dahme.

Geophysical data on major water bodies

Several major bodies of water play crucial roles in Germany's ecosystem and economy. The
Rhine River measures about 1,230 kilometers, originating in the Swiss Alps and flowing into
the North Sea, with an average discharge of approximately 2,900 cubic meters per second and
a basin area of around 185,000 square kilometers. The Danube River, the second-longest river
in Europe, stretches approximately 2,850 kilometers from its source in Germany's Black
Forest to the Black Sea, with a basin covering about 800,000 square kilometers and an
average discharge of around 6,700 cubic meters per second. The Elbe River spans
approximately 1,094 kilometers from its source in the Czech Republic to its mouth in the
North Sea, with an average discharge of around 870 cubic meters per second and a basin area

of about 148,268 square kilometers. The Weser River, formed by the confluence of the Fulda



and Werra rivers, stretches about 452 kilometers and flows into the North Sea, with an average
discharge of approximately 327 cubic meters per second and a basin area of around 46,000
square kilometers. The Havel river flows through the states of Mecklenburg -Vorpommern,
Brandenburg, Berlin, and Saxony-Anhalt. Covering a length of about 334 kilometers
(approximately 208 miles). Another significant source of freshwater for Germany is Lake
Constance (Bodensee), covering a surface area of approximately 536 square kilometers and
reaching a maximum depth of about 254 meters. The lake holds around 48 cubic kilometers of
water and is shared by Germany, Austria, and Switzerland, playing a crucial role in supplying

drinking water and supporting tourism in the region.

The water cycle in Germany

Germany's water cycle is a complex system that is influenced by many different factors, such
as climate, geographical features, and varying seasonal patterns. Evaporation mainly occurs
from water bodies like lakes and rivers, particularly in warmer months. The Elbe River and
Lake Constance are significant contributors to evaporation. As water vapor rises and cools,
condensation forms clouds, with varied climate zones affecting condensation patterns. Some
examples include the Harz Mountains and Bavarian Alps. Moreover, Germany experiences
varied forms of precipitation, including rain and snow. The Black Forest and Bavarian Alps
see considerable amounts of snowfall during winter, converting to runoffs and groundwater

recharge in warmer months.

Efficient infiltration is facilitated by significant forested areas and varied soil types. Regions

like the Taunus Mountains help groundwater recharge, and the Liineburg Heath demonstrates



how natural vegetation aids water infiltration. Runoff eventually feeds into an extensive
network of rivers and lakes, supporting agriculture, industry, and daily water use. For
example, the Rhine River originates in the Swiss Alps and flows through Germany into the
North Sea, while the Danube River stretches from its source in Germany's Black Forest to the

Black Sea, linking multiple European countries.
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Chemical and physical properties of water

Water has unique chemical properties that make it essential for life. Its chemical formula is
H20, meaning each molecule is composed of two hydrogen atoms bonded to one oxygen
atom. Water molecules are polar, with a slight positive charge on one side and a slight

negative charge on the other. This polarity allows water to dissolve many substances. The



polarity also leads to strong hydrogen bonds between water molecules, contributing to its high
boiling point and its ability to remain liquid at a wide range of temperatures. Pure water has a

neutral pH of 7, making it neither acidic nor basic.

Water’s physical properties play crucial roles in various natural processes. At room
temperature, water is liquid. It boils at 100 degrees Celsius (212 degrees Fahrenheit) and
freezes at 0 degrees Celsius (32 degrees Fahrenheit). Water has a maximum density of 1 g/
cm”3 at 4 degrees Celsius, allowing ice to flat on liquid water and providing a stable habitat
for aquatic life in cold environments. Water’s high surface tension, due to hydrogen bonding,
enables it to form droplets and allows capillary action in plants. Its low viscosity means it
flows easily, which is vital for biological processes and water transport. Additionally, water’s
high specific heat capacity (4.186 joules/gram °C) enables it to absorb and release large
amounts of heat with minimal temperature change, helping to moderate Earth’s climate. Also,
water’s transparency allows light to penetrate to great depths, supporting photosynthetic

aquatic life.

Water conservation agencies and laws

There are a lot of agencies and laws that are dedicated to water conservation in Germany. The
Federal Environmental Agency (Umweltbundesamt, UBA) plays a critical role in ensuring the
sustainability and quality of water resources by conducting research, setting environmental
standards, and monitoring adherence to these standards. The Federal Agency for Nature

Conservation (Bundesamt fiir Naturschutz, BfN) focuses on preserving natural habitats and



protecting water-related ecosystems. The Federal Institute for Hydrology (Bundesanstalt fiir
Gewisserkunde, BfG) provides scientific advice and research on water management, quality,
and hydrology. The German Water and Wastewater Association (Deutsche Vereinigung fiir
Wasserwirtschaft, Abwasser und Abfall e.V., DWA) develops guidelines and standards for the

management of water resources and wastewater treatment.

Key water conservation laws include the Federal Water Act (Wasserhaushaltsgesetz, WHQG),
which enforces the precautionary principle, the "polluter pays" principle, and a sustainable
management approach to water resources. The WasteWater Ordinance (Abwasserverordnung,
AbwV) regulates the treatment and discharge of wastewater, while the Groundwater
Ordinance (Grundwasserverordnung, GrwV) aims to protect groundwater from pollutants and
ensure its sustainable use. The Surface Waters Ordinance (Oberflichengewésserverordnung,

OGewV) establishes quality standards for surface waters.

Water conservation-related treaties

Germany is signatory to several international treaties aimed at water conservation and
protection. The European Water Framework Directive aims to achieve ‘good status’ for all
water bodies in Europe by implementing integrated water resources management. The Bonn
Agreement focuses on protecting the North Sea from pollution and enhancing cooperation
among North Sea coastal states. The Ramsar Convention on Wetlands of International
Importance aims to conserve and sustainably use wetlands to protect ecosystems and
biodiversity. The Helsinki Convention promotes cooperation and sustainable management of

transboundary water resources. The Convention on the Protection of the Marine Environment



of the Baltic Sea Area focuses on protecting and restoring the marine environment of the
Baltic Sea from all sources of pollution. The International Commission for the Protection of
the Danube River (ICPDR) cooperates with other Danube Basin countries to protect water
quality and manage water resources sustainably. The UNECE Water Convention promotes

sustainable water management and cooperation between countries sharing water bodies.

Water-related disasters and their impact

Germany has experienced several water-related disasters that have impacted human life and
ecosystems. In 2021, unprecedented rainfall caused the Ahr River to flood, resulting in
significant loss of life and severe infrastructure damage. The 2018 severe drought was one of
the worst in recent history, significantly affecting agriculture and leading to water shortages
and forest health deterioration. Nutrient pollution from agricultural runoff has led to
eutrophication, causing harmful algal blooms and hypoxic zones that impact aquatic
ecosystems. While not a single disaster event, the construction of dams has caused ongoing

environmental challenges, such as disrupting natural water flow and fish migration.

The importance of data analytics in hydrology

The analysis of all kinds of water data falls under hydrology, which is the scientific study of
the movement, distribution, and management of water on Earth and other planets. Data
analytics are an essential component to hydrology, and are used to understand water resource
quantity, quality, and distribution, and to enable informed decision-making for water
management, flood forecasting, and environmental protection. A few subcategories of data

that hydrological data analysis helps with are environmental impact assessment, groundwater



management, and water quality management. With the goal of maintaining clean, drinkable
water at the forefront of SDG 6, data analysis is crucial to understanding water data, and to

creating an action plan to improve water quality if needed.

Germany’s water quality standards

Germany's most recent water quality test data, as reported by the Federal Environment
Agency, reveals highly favorable results for drinking water quality. Over 99% of the water
samples tested meet or exceed the established quality requirements. Aligned with EU
standards, Germany’s standards for water are very strict to ensure high quality for water
drinking. These guidelines establish specific limits for key parameters to protect public health
and maintain water quality. Ideally, Total Dissolved Solids (TDS) levels need to be below 500
mg/L to ensure that the water tastes good and is safe for consumption. The pH levels of
drinking water must be between 6.5 and 8.5 in order to prevent pipe corrosion and maintain
optimal health standards. Nitrate levels are restricted to 50 mg/L for the purpose of avoiding
health risks, especially for infants, as high nitrate levels can cause methemoglobinemia, also
known as “blue baby syndrome.” Lastly, dissolved oxygen levels are kept above 5 mg/L in

order to help aquatic ecosystems and ensure good water quality.

How Germany measures their water quality

To meet these high standards, Germany employs strict testing protocols. TDS levels are
measured using a TDS meter, while pH levels are inspected with either a pH meter or pH
strips. Nitrate and nitrite levels are tested using colorimetric analysis using a

spectrophotometer. Dissolved oxygen is tested with the Winkler method or colorimetric



methods with specific reagents. All these protocols ensure that Germany maintains its high

standards for drinking water quality, protecting public health and the environment.

The water quality report of 2024:

EPI Drinking Water Score 2024
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Our test results

As a part of our research on Germany’s water quality, we conducted our own tests measuring
the TDS, PH, Nitrate, and Dissolved Oxygen. We used samples from the Rhine and Danube
rivers as test subjects, as they both support large populations in Germany. We first conducted
tests for total dissolved solids 50 times for each river using a TDS meter. The analysis of TDS
levels in the Rhine river revealed a mean value of 196.62 mg/L, highlighting the average
concentration of dissolved solids across the samples. The median value of 199 mg/L. we got
closely aligned with the mean, reinforcing the consistency of the data. The mode of 200 mg/L,

representing the most frequently observed concentration, further supports this trend. The



range of 42 mg/L and a standard deviation of 6.99 mg/L demonstrated low variability in TDS
levels, suggesting relatively uniform water quality across all sample locations. These findings
indicate that the Rhine river maintains a moderate concentration of dissolved substances,
which is well within acceptable limits for most uses and reflects stable environmental
conditions. In contrast to the Rhine river, the TDS levels in the Danube River exhibited a
moderately higher mean value of 203.8 mg/L. The median and mode were both recorded at
204 mg/L, emphasizing the central tendency of these measurements. Moreover, a low range of
13 mg/L with a standard deviation of 2.84 mg/L indicated consistency across the 50 tests
analyzed. The results for the Danube river’s water indicate that it is also safe for most uses,
but while its TDS levels suggest a fairly higher concentration of dissolved water compared to
the Rhine, the stability of the Danube’s measurements point to minimal fluctuation in the
water’s quality. Ultimately, both river’s presented slightly different results than each other but,
their TDS levels sat at a value well under 500 mg/L, deeming their water quality good and

acceptable for most uses.

After testing for total dissolved solids, we tested for pH using a calibrated pH meter. The
results were remarkably consistent, ranging from 7.58 to 7.76, with an average close to 7.75
and a very low standard deviation of 0.049. This tight range indicates a stable, and slightly
alkaline condition, which is ideal given that a pH between 6.5 and 8.5 is generally considered
safe and optimal for most uses. Such stability suggests that there are minimal disruptions from

pollutants or environmental fluctuations, supporting both the water’s suitability for purposes



like drinking and recreational use. Likewise, the Danube river gave strikingly consistent
results, showing us an average of 7.9, a median and mode of 7.9 and a remarkable standard
deviation of 0. Nearly every sample showed a pH value of 7.9, which indicates an also stable
and slightly alkaline environment. This is well within the recommended range of 6.5 to 8.5,

therefore the Danube river’s water is also safe for most uses.

Next, we tested for dissolved oxygen and the results are unsurprisingly excellent. The DO
levels for the Rhine river were tested using a calibrated meter and the sample’s measurements
ranged from 6.6 to 8.6 mg/L with an average of approximately 7.16 mg/L. This relatively low
range along with a low standard deviation of about 0.35 mg/L, suggests that the river
maintains a stable and well oxygenated environment. These measurements are significantly
above the general threshold of 5 mg/L, which is what’s considered vital for healthy aquatic
ecosystems and safe for most uses. As for the Danube river, the DO levels ranged from 6.0 to
6.6 mg/L across the 50 samples measured, with a mean value of 6.354 mg/L. The median DO
was 6.4 mg/L, and the most frequently recorded value was also 6.4 mg/L. The narrow range of
0.6 mg/L and the low standard deviation of 0.1351 further illustrate the river’s stable
oxygenation profile. These results suggest that the Danube river maintains consistent DO
levels, which are above the threshold of 5 mg/L necessary for supporting aquatic life and
ensuring good water quality. However, the values are on the lower end compared to the Rhine
river, which recorded a mean DO of approximately 7.16 mg/L and a broader range from 6.6 to

8.6 mg/L. The Rhine river’s higher average DO indicates stronger oxygenation, which is



favorable for aquatic ecosystems and human use and consumption. While the Danube’s DO
levels are consistent and sufficient to support aquatic life and individuals, they are slightly
lower overall, suggesting potential influences such as slower water flow, different organic
matter inputs, or environmental conditions. Despite this difference, the Danube remains within

safe DO levels for both ecological and human applications.

Overall, the analysis of the Rhine and Danube rivers highlights their overall suitability for
human use, particularly drinking water, based on their measured parameters. The Rhine river
demonstrated slightly better dissolved oxygen levels and moderate variability in pH,
suggesting strong oxygenation and stable chemical conditions that support high quality water.
Meanwhile, the Danube river exhibited exceptional consistency in both pH and dissolved
oxygen values, although with slightly lower DO concentrations. Both rivers fall within
acceptable ranges for water quality, reinforcing their ecological health and utility as critical

resources for the people they serve.
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