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Remediation and/or restoration of an anoxic body of water

Technical field

This application relates to the technical field of using calcium nitrate [Ca(NOs);]
solution in remediation and/or restoration of anoxic bodies of water. An anoxic body
of water is generally defined as “an areca of sea water, fresh water or ground water that
is depleted of dissolved oxygen and is a more severe condition of hypoxia (low oxygen
conditions)”. The US Geological Survey defines anoxic bodies of water as those with
dissolved oxygen concentration of less than 0.5 milligrams per litre.

The anoxic bodies of water according to this application include a flat body of water,
and the bottom part of a thermally stratified body of water such as thermally stratified
rivers, ponds, lakes and the like. A particular anoxic body of water envisaged in this
application is the water contained in the sludge or sediment layer at the bottom of a
body of water, which can be thermally stratified or not. A pond in general is “a body of
standing water, either natural or artificial, that is usually smaller than a lake”. The
thermal stratification of a body of water refers to a change in the temperature at
different depths in the body of water, and is due to the change in water's density with
temperature. Diffusion of oxygen from the atmosphere into and within water is a
relatively slow process. Turbulent mixing of water is required for dissolved oxygen to
be distributed in equilibrium with that of the atmosphere. Subsequent distribution of
oxygen in the water of thermally stratified water of body is controlled by a number of
solubility conditions, hydrodynamics, inputs from photosynthesis, and losses to
chemical and metabolic oxidations (processes with compounds that gain oxygen). It is
the lower portion of the water column during the summer stratification where water
temperatures are cooler than upper waters. In other words, this lower portion of the
water column is usually the anoxic deepest body of water of thermal stratified surface
waters. This bottom body of water is called the hypolimnion. It is the “deep water” of a
thermally stratified body of water. In other words, the hypolimnion is the dense,
bottom layer of water in a thermally-stratified body of water. The hypolimnion is the
layer lying below the thermocline. The thermocline, also called the metalimnion in
thermally stratified lakes, is generally known as “a thin but distinct layer in a large

body of fluid (e.g. water, such as an ocean or lake, or air, such as an atmosphere) in
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which temperature changes more rapidly with depth than it does in the layers above or
below”. The epilimnion is the top-most layer in a thermally stratified body of water,
occurring above the deeper metalimnion and the deepest hypolimnion. It is warmer
and typically has a higher pH and higher dissolved oxygen concentration than the
metalimnion and the hypolimnion. As it is exposed at the surface, it typically becomes
turbulently mixed as a result of surface wind-mixing. It is also free to exchange
dissolved gases such as O, and CO, with the atmosphere.

Restoration is generally known as “the process of returning natural resources back to a
healthy condition”, while remediation is generally known as “the process of addressing

contamination (cleanup) in order to protect human health and the environment.”

Background

In present days, there is an increased inflow of nutrients into surface waters such as
ponds, lakes, rivers, etc. which is becoming a worldwide problem. The nutrients are
originating amongst others from the acid rain (with SO, and NOy), sewage, agriculture,
and contaminated ground water. In the drainage basins of bodies of water - a drainage
basin or catchment basin is an extent or an area of land where all surface water from
rain, melting snow, or ice converges to a single point at a lower elevation, usually the
exit of the basin, where the waters join another body of water, such as a river, lake,
reservoir, estuary, wetland, sea, or ocean - the organic matter production has now
dramatically increased because of the intensive use of nutrients by the agriculture in
the drainage basin areas, the industrialization and the growth of the population density.
The ecosystem’s response to the addition of artificial or natural nutrients, mainly
phosphates, through amongst other detergents, fertilizers or sewage, to an aquatic
system is known as “eutrophication”, or more precisely “hypertrophication”. An
eutrophic body of water is thus “a body of water that is rich in mineral and organic
nutrients that promote a proliferation of algae and aquatic plants, resulting in a
reduction of dissolved oxygen”.

Denitrification is a process in which nitrate (NO3") is converted to molecular nitrogen
N, and nitrogen oxides (NOx) by heterotrophic and also certain autotrophic bacteria,
and is therefore a loss of nitrogen from an aquatic system. As these processes either

contribute or remove nitrogen from the system, they have the potential to affect water
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quality and the health of the aquatic system. There are potential indirect effects of
eutrophication that limit denitrification. For example, bottom water (= the lowermost
mass in a body of water) anoxia or the anoxic conditions in sludge or sediment layers
limit nitrification and hence denitrification in sediments and bottom waters.
Knowledge of the magnitude of denitrification can help predict the eutrophication
response of a body of water because nitrogen that is denitrified is largely unavailable
to support primary production.

In the absence of molecular oxygen (O,), organic substances and hydrogen sulfide
(H2S) are oxidized by nitrate. Thus, nitrate provides under anoxic conditions the
possibility of oxidative energy metabolisms. Normally, nitrate is produced during the
nitrification of ammonia (NH3), or the conjugate acid ammonium (NH,") and oxygen
under acrobic conditions. In a body of water (including in sludge or sediments), which
has almost all year round oxygen depletion, the natural production of nitrate is not
possible and anaerobic decay processes are predominant. Denitrification only occurs at
low oxygen levels, and hence is typically applicable to sediments, although it also
occurs in the deoxygenated hypolimnia of certain bodies of water. In eutrophic bodies
of water, such as lakes, that are stratified, concentrations of N, may decline in the
epilimnion because of reduced solubility as temperatures rise and increase in the
hypolimnion from denitrification of nitrate (NOz") to nitrite (NOy) to inorganic
nitrogen (N). Nitrite (NO;) rarely accumulates except in the metalimnion and
hypolimnion of eutrophic bodies of water (lakes). Concentrations of nitrite in bodies of
water (lakes) are usually very low unless organic pollution is high.

In eutrophic bodies of water, anoxia results in increased levels of ammonia (due to
lack of Nitrosomonas metabolism) and nitrite (due to lack of Nitrobacter metabolism)
with increasing depth in the hypolimnion. In oligotrophic bodies of water, high oxygen
concentrations permit metabolism of ammonia to nitrate, resulting in low levels of
nitrite and ammonia and high levels of nitrate in the hypolimnion. When the
hypolimnion of a eutrophic body of water becomes anaerobic, bacterial nitrification of
ammonia ceases and the NH,'-concentrations increase.

Although it is only needed in small amounts, phosphorus is one of the more common
growth-limiting elements for phytoplankton (various kinds of minute, floating aquatic

plants). These shortages arise because of the geochemical shortage of phosphorus in
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many drainage basins together with the lack of any biological pathway enabling
phosphate fixation similar to that enabling nitrogen fixation. Phytoplankton is only
able to use phosphorus in the phosphate (PO,”) form for growth. In deep stratified
bodies of water, there is a limited replenishment of phosphate and the quantity of
"available" phosphorus in late winter may determine the level of phytoplankton growth
that can develop in the summer. Intensive algal growth in spring usually depletes
phosphate to levels in the surface waters. Hence, phytoplankton growth during the
summer usually occurs using phosphate excreted by animals feeding on
phytoplankton. Direct sediment resupply is important in the summer in shallow areas.
Rooted aquatic plants often obtain large quantities of phosphorus from the sediments
and can release large amounts into the water. When phosphate levels are low in surface
waters, phytoplankton excrete extracellular enzymes called alkaline phosphatases,
which have the ability to free phosphate bound to organic molecules. Since phosphate
(in contrast to nitrate) is readily adsorbed to soil particles and does not move easily
with groundwater, high inflows of total phosphorus are due to erosion of particles from
steep slopes with easily erodible soils. Intensive algal growth in spring usually depletes
lake phosphate to low levels. Agricultural, domestic, and industrial wastes are major
sources of soluble phosphate and frequently contribute to lake eutrophication and algal
blooms. Eutrophication is thus the process where first the sediment (including the
water contained therein) of a body of water such as a lake will become anaerobic, and
thereafter the deep water, since all oxygen is used up when the organic material is
degraded. Deep water (or profundal) is the offshore zone within a body of water where
water depths are greater than the depth to which sunlight can penetrate to support
aquatic plants, in contrast with the littoral zone closer to shore.
Adverse and unwanted environmental effects of the eutrophication of lakes, ponds and
rivers are amongst others
- dead fish due to toxic H»S and sulfide;
- H;,S bubbles arising from the sediment of the body of water, creating a bad and
harmful odor;
- bloom of blue green algae;
- a black and stinking sediment;

- poor visibility in the water.
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In artificial ponds that are for instance used to discharge industrial wastewater coming
from the fertilizer industry, also the problem of high production of hydrogen sulfide
can occur since there is not enough or even no aeration of such ponds.

Also shallow lakes or other flat waters may get temporarily anoxic under special
conditions. Anoxic milieus may for instance be caused by storm water pollution or
under other conditions of lake restoration measures such as removal of sludge, when
the oxygen demand raises by organic material that is set free.

There exists therefor the need to restore and remediate anoxic bodies of water, and
more in particular to restore and remediate anoxic bodies of water forming the bottom
part of thermally stratified bodies of water such as thermally stratified lakes, ponds and
rivers, or to restore and remediate anoxic bodies of water being contained in the sludge
or sediment layer of a body of water.

At present, there are already many solutions available to control eutrophication by
minimizing the nutrient inflows. There also exist EU requirements for surface water
quality demanding reduction in nutrients, and especially phosphate, in the water body
(2000/60/EG). However, often organic loads, acidity, salinity or contamination with
hazardous substances need to be controlled. The amendment of the conditions may be
different, and in some cases, contrary to the technologies developed to control
eutrophication.

Another solution to control eutrophication is the application of different in-situ
remediation techniques. An “in-situ” treatment involves applying treatment
amendments onto or into surface sediments. An-in situ treatment of a lake is also
called an “in-lake” restoration / remediation / treatment technique.

Hypolimnetic aeration (also called deep water acration) is an in-situ water treatment
technique wherein the oxygen demand of deep water is covered by oxygen from the
atmosphere without destroying the lake’s natural stratification. The deep water thus
gets aerobic, the phosphate dissolution is reduced significantly and the mineralization
of the sediments improves. An example of a hypolimnetic aeration system is
TIBEAN™ by the company Polycon. The TIBEAN™-serics are floating plants
consisting of

- one or more upstream pipes, where the water is acrated while rising up;

- a degassing chamber where the acrated water is freed of gases; and
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- one or more downstream pipes where the vented, degassed water is pumped back
into the hypolimnion.
In the degassing chamber, additional nutrient absorbers and/or nutrient precipitation
devices are implementable.
At the lower end of the floating plant, atmospheric air is inserted into the water by an
ejector. A mixture of water and oxygen is forced upwards in the upstream pipe. At the
end of the upstream pipe, the mixture flows into the degassing chamber. Residual
gases are separated from the oxygenated water. The gas escapes into the atmosphere,
the oxygenated water flows back through the downstream pipe. The outlet provides a
laminar flow and a horizontal flow into the hypolimnion.
Disadvantages of the hypolimnetic aeration system as described above are the limited
solubility of oxygen in water and therefore the need of continuous application and
operation of such a unit. This might compromise the use of a lake, pond or river for
leisure and of course causes permanent costs.
Yara International ASA already commercializes an “in situ” remediation technique
called “Limnox” to prevent fouling of sludge in lakes. In this Limnox remediation
technique, a calcium nitrate solution with a calcium nitrate content of 50 weight% is
added to the lake. Before the application of Limnox, a survey of the lake must be
conducted to identify the major factors causing the problems. Depending on the
desired effects, the calcium nitrate solution is mixed into parts of or the entire body of
water or applied directly to the sediment of the lake. Mixing into the water is the
preferred method for inhibiting cyanobacteria and also gives beneficial effects when
used in small, shallow lakes. The sediment applications are more economical in bigger,
deeper lakes. A comblike device is provided to release Limnox can be used to apply it
to the sediment. A high density Limnox, i.e. 1,5 kg/l is applied in order to remain
stable on the lake bed and to allow even penetration of the sediment. This is
particularly important for sediments that are contaminated with toxic substances where
any disturbance is undesirable. A layer of Limnox on the sediment keeps the redox
potential high and the phosphorus bound. Phosphate is extremely reactive and interacts
with many cations like iron to form relatively insoluble compounds that precipitate out
of the water, especially under oxidising conditions. Thus, acrobic sediments normally

act as a sink for phosphorus. Precipitated phosphorus compounds however become
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soluble again under anaerobic conditions. Since Limnox keeps the phosphorous bound,
self-ecutrophication of the lake is prevented. Furthermore, it is claimed that Limnox
takes care that the natural stratification of a lake is maintained.

Disadvantages of Limnox are the challenging application in the sediment that also
touches all animals and plants in that layer, the effort to precisely apply the aqueous
calcium nitrate solution evenly and the loss of aqueous calcium nitrate solution due to
currents in the lake which dilute the nitrate solution layer and transport nitrate into
higher water body layers.

It is consequently a purpose to provide in a simple and reliable restoration and/or
remediation technique of an anoxic body of water that can be permanently sustained
and that leads to a water quality that is in accordance with the quality of natural
healthy waters, without the stresses that cause degradation, i.e. having a good
ecosystem health, long-term stability and sustainability.

In case a natural thermally stratified body of water such as a natural lake or pond or a
river is treated, it is a further purpose to maintain the natural stratification of natural

ponds or lakes and rivers when these are restored and/or remedied.

Summary of the invention

The present application is generally related to methods and systems for remediation

and/or restoration of a body of water comprising an anoxic body of water,

According to a first aspect, a method for remediation and/or restoration of an anoxic

body of water is disclosed, wherein a calcium nitrate solution is added to the anoxic

body of water, and wherein the method comprises the steps of

- mixing water having a percent of oxygen saturation of between 50 % and 150%
with the calcium nitrate solution, resulting in a mixture; and

- pumping the mixture into the body of water, particularly the anoxic body of
water,

wherein or until the final concentration of nitrate-N in the remedied and/or restored

anoxic body is between 1 and 20 mg/l of water. Particularly, said anoxic body of water

is an underlying water layer lying below a surface water layer. Particularly, said water

is taken from the surface water layer, the underlying water layer or a ground water

source in the vicinity of the surface water layer, wherein said water, particularly said
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water from the underlying water layer or from a ground water source, is mixed with

oxygen, such as in the form of atmospheric air, oxygen enriched atmospheric air or

pure oxygen.

In particular embodiments, the mixing step comprises mixing water having a percent

of oxygen saturation of between 75 % and 125% with the calcium nitrate solution,

resulting in a mixture, more particular having a percent of oxygen saturation of

between 95 % and 105%.

In particular embodiments, the final concentration of nitrate-N in the remedied and/or

restored anoxic body is between 1 and 10 mg/l of water, more particular the final

concentration of nitrate-N in the remedied and/or restored anoxic body is 1 mg/l of
water, 1.5 mg/l of water, 2 mg/l of water, 2.5 mg/l of water, 3 mg/l of water, 3.5 mg/l
of water, 4 mg/l of water, 4.5 mg/l of water or 5 mg/l of water.

Oxygen saturation is the potential that a body of water has for holding oxygen, based

primarily on water temperature and altitude. Percent of oxygen saturation is the ratio

between actual dissolved oxygen measurements and the water’s potential for holding
oxygen.

Nitrate-N is the part of the nitrogen that is bound to the nitrate ion.

Using a calcium nitrate solution to remedy and/or restore an anoxic body of water has

the following advantages:

- the negative redox potential is altered to a positive value,

- the nutrients (mainly phosphor) are bound and are prevented from releasing and
remobilization (redissolution) which leads to a better water quality by reduction
of the body water’s trophic state;

- the equilibrium is shifted towards acrobic processes in a natural way.

By mixing the calcium nitrate solution with water having a percent of oxygen

saturation of between 50% and 150%, and in particular 100%, the natural processes of

nitrification and denitrification are activated and stay activated. If only calcium nitrate
solution is used, decreases of denitrification and nitrate are induced. Furthermore,
when using the method as described in this application, nitrate is produced by
oxidation of ammonium (NH,"), through which the pool of nitrate is longer available

and the process is much better buffered.
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Furthermore, the application of a calcium nitrate solution is not toxic to the aquatic
system since the components that are used to treat the water body are natural.

Also, the calcium nitrate solution has a combined positive effect on the precipitation of
phosphor as well as on the available amount of oxygen in the hypolimnion.

Since the addition of a calcium nitrate solution is a cost effective measure, it can be
applied as a continuous measure during several periods, for instance during several
summer stagnation periods, for a longer time.

In an embodiment of a method, the mixture has a concentration of calcium nitrate-N of
between 10 and 1000 mg/l, depending on the volume of the anoxic body of water and
the water flow in the anoxic body of water.

In an embodiment of a method, the water that is mixed with the calcium nitrate
solution has a percent of oxygen saturation of between 75% and 125%, such as
between 75% and 100%.

In an embodiment of a method, the water that is mixed with the calcium nitrate
solution has a percent of oxygen saturation of around 100%.

In case the anoxic body of water is an underlying water layer lying below a surface
water layer, in a first possible method, the water that is mixed with the calcium nitrate
solution is taken from the surface water layer. In this case, the water has natural
oxygen saturation. No additional aeration thereof is necessary.

In a second possible method, the water that is mixed with the calcium nitrate solution
is water taken from ground water in the vicinity of the surface water layer or the
underlying water layer, more specifically the surface water layer. This ground water is
then mixed with oxygen to a percent of oxygen saturation of between 50% and 150%,
such as between 75% and 125%, more specifically around 100%.

In a third possible method, the water that is mixed with the calcium nitrate solution is
water taken from the underlying water layer. This water is mixed with oxygen to a
percent of oxygen saturation between 50% and 150%, such as between 75% and
125%, more specifically around 100%.

In a possible embodiment of a method, the oxygen that is mixed with the water is
originating from atmospheric air, is oxygen enriched atmospheric air or is 100% pure

oxygen. Atmospheric air has a proportion of oxygen of around 21 volume%.
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In an embodiment of a method, the anoxic body of water, particularly the anoxic body
being or in the form of an underlying water layer, is the hypolimnion of a thermally
stratified body of water.

In case the anoxic body of water forms the bottom layer of a thermally stratified body

of water such as a thermally stratified lake, pond, river and the like, there are different

possible sources for the water that is mixed with the calcium nitrate solution, i.e. the
water can be taken from

- the epilimnion of the thermally stratified body of water. In that case, it may not
be necessary to add additional oxygen to the water since the water is usually
naturally saturated with oxygen. Preferably, no additional oxygen is added to the
water since the water is naturally saturated with oxygen;

- the hypolimnion, wherein the water is then mixed with oxygen to a percent of
oxygen saturation of between 50% and 150%, such as between 75% and 125%,
more specifically around 100%;

- a ground water source in the vicinity of the thermally stratified body of water,
more specifically the epilimnion, wherein the ground water is then mixed with
oxygen to a percent of oxygen saturation of between 50% and 150%, such as
between 75% and 125%, more specifically around 100%.

In case of a thermally stratified body of water, advantageously, the methods as

described herein maintain the natural stratification of natural ponds or lakes and rivers

when these are restored and/or remedied.

In an embodiment of a method, the anoxic body of water, particularly the anoxic body

being or in the form of an underlying water layer, is the anoxic body of water

contained in the sludge or sediment layer of a body of water, particularly at the bottom
of said body of water. In such embodiment, the water that is mixed with the calcium
nitrate solution (3) is particularly taken from the anoxic body of water comprised in the
sludge or sediment layer and which is mixed with oxygen to a percent of oxygen
saturation of between 50% and 150% such as between 75% and 125%, more
specifically around 100%. Preferably, the water taken from the anoxic body of water
comprised in the sludge or sediment layer is obtained by desludging a body of water

and subsequent separating the water from the sludge or sediment.
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Accordingly, in a preferred embodiment, a method for remediation and/or restoration

of a body of water comprising an anoxic body of water is disclosed, wherein a calcium

nitrate solution is added to the anoxic body of water, wherein the anoxic body of water
is a body of water contained in the sludge or sediment layer of a body of water, and
wherein the method comprises the steps of:

- desludging the body of water and/or separating the anoxic body of water from

the sludge or sediment layer;

- mixing water having a percent of oxygen saturation of between 50 % and 150%
with the calcium nitrate solution, resulting in a mixture; wherein said water is
taken from the anoxic body of water, separated from the sludge or sediment
layer; and is mixed with oxygen;

- pumping the mixture into the body of water, wherein or until the final

concentration of nitrate-N in the remedied and/or restored anoxic body is between 1

and 20 mg/l of water.

In an embodiment, the method comprises the step of controlling and optimizing the

amount of calcium nitrate solution that has to be added to the anoxic body of water and

the time when and for how long to add calcium nitrate solution to the anoxic body of
water.

The amount (dosage) of calcium nitrate to be added to the anoxic body of water

depends on specific properties and characteristics of the anoxic body of water to be

treated. Measurements have to be made to control the demand of calcium nitrate and
the phosphorous concentration in order to enable optimization of the remediation
and/or restoration process.

Examples of parameters that have to be monitored in several distances versus the place

where calcium nitrate is added are the amount of chloride, nitrate, nitrite, ammonia,

phosphorus (the total amount and the amount of ortho-phosphorus), as well as the
temperature of the water, the amount of dissolved oxygen and the redoxpotential.

In an embodiment of a method, the calcium nitrate solution comprises one or more

substances (or means) for inducing or enhancing precipitation of phosphorus. Said

substances or means for enhancing or inducing precipitation of phosphorous comprise
or provide compounds/elements/cations which combine with phosphate and/or other

phosphorous compounds in the form of a molecule or compound which is poorly
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soluble or insoluble in water. The particles formed in this way then settle from the
water column.

Examples of such substances are Lanthanum or Ferric chloride. For example,
Bentophos®, which is a lanthanum modified clay, can be added to the calcium nitrate
solution.

In a preferred embodiment, the oxygen concentration in the mixing container and/or
the water body is remotely controlled by a continuously measuring system. In this
way, the important processes in the water treatment system and in the water body can
be monitored in real time.

According to a second aspect, a system for remediation and/or restoration of an anoxic
body of water is provided, wherein the system is provided with means to add a calcium
nitrate solution to the anoxic body of water, in the form of a mixing device arranged to
mix the calcium nitrate solution with water having a percent of oxygen saturation of
between 50% and 150%, such as between 75% and 125%, specifically around 100%,
resulting in a mixture, and wherein the system comprises first pumping means for
pumping the mixture into the anoxic body of water. Particularly, the system further
comprises an oxygen mixing means, optionally forming part of the mixing device, for
mixing oxygen into the water, to obtain the water having a percent of oxygen
saturation of between 50% and 150%, such as between 75% and 125%, more
specifically around 100%.

In an embodiment of the system, it comprises second pumping means for pumping or
pumping up the water that is to be mixed with the calcium nitrate solution towards the
mixing device.

In case the anoxic body of water is an underlying water layer lying beneath a surface
water layer, the second pumping means of a first possible system are provided for or
configured for pumping water from the surface layer lying towards the mixing device.
In case the anoxic body of water is an underlying water layer lying beneath a surface
water layer, the second pumping means of a second possible system are provided for
or configured for pumping ground water out of a ground water source that is situated
in the vicinity of the surface water layer or the underlying water layer, more

specifically the surface water layer, towards the mixing device.
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In case the anoxic body of water is an underlying water layer lying beneath a surface
water layer, the second pumping means of a third possible system are provided for or
configured for pumping water from the underlying water layer itself towards the
mixing device.

In case the anoxic body of water is an underlying water layer lying beneath a surface
water layer of a body of water, such as wherein the anoxic body of water (in the form
of an underlying water layer) is an anoxic body of water contained in a sludge or
sediment layer of a body of water, the second pumping means of a fourth possible
system are provided for or configured for pumping water separated from a sludge or
sediment layer of said body of water towards the mixing device. In an embodiment, the
system may further comprise desludging means for removing the sludge or sediment
layer of a body of water and, preferably, means for separating the anoxic body of water

from the sludge or sediment layer, such as filters and the like.

Particularly in the three latter cases, the system comprises oxygen mixing means for
mixing oxygen into the ground water, the underlying water layer, or the anoxic water
separated from a sludge or sediment layer.

These oxygen mixing means for mixing oxygen into the ground water or the
underlying water layer preferably form part of the mixing device.

In case the anoxic body of water is the hypolimnion of a thermally stratified body of
water, the thermally stratified body of water comprising an epilimnion, the second
pumping means of a first possible embodiment of a system are provided for or
configured for pumping water from the epilimnion towards the mixing device.

In case the anoxic body of water is the hypolimnion of a thermally stratified body of
water, the second pumping means of a second possible embodiment of a system are
provided for or configured for pumping up ground water out of a ground water source
that is situated in the vicinity of the thermally stratified body of water, more
specifically the epilimnion of the thermally stratified body of water, towards the
mixing device.

In case the anoxic body of water is the hypolimnion of a thermally stratified body of

water, the second pumping means of a third possible embodiment of a system are
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provided for or configured for pumping water from the hypolimnion towards the
mixing device.

Particularly in the two latter cases, the system comprises oxygen mixing means for
mixing oxygen into the ground water or the hypolimnion.

More specifically, the oxygen mixing means for mixing oxygen into the water,

particularly in the ground water or the hypolimnion form part of the mixing device.

In an embodiment of a system, the mixing device forms part of an onshore station.

The system is more specifically arranged to perform a method as described above.

In an embodiment of a system, the mixing device forms part of an onshore station.

“Onshore” means “on the land”. Although the mixing device can also be placed

offshore (meaning on a boat or a ship or a barge), placing it onshore is preferably since

- not every water is ever navigable by ships;

- suitable for longer-term therapy of the anoxic body of water with an intermittent
operation of calcium nitrate-solution supply during summer stagnation period. A
permanent assembly and dismantling of the technical installation is not required.

- better suited for an operation with a remote-controlled dosage.

As a result, with an onshore station, the number of possible applications increases.

In particular embodiments, the system for remediation and/or restoration of an anoxic
body of water is arranged to perform a method as described herein, wherein the system
is provided with means to add a calcium nitrate solution to the anoxic body of water,
wherein the means to add the calcium nitrate solution to the anoxic body of water
comprises a mixing device arranged to mix the calcium nitrate solution with water
having a percent of oxygen saturation of between 50% and 150%, such as between
75% and 125%, specifically around 100%, resulting in a mixture, and wherein the
system further comprises first pumping means for pumping the mixture into the body
of water, particularly in the anoxic body of water, and optionally second pumping
means for pumping or pumping up the water that is to be mixed with the calcium

nitrate solution towards the mixing device.
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Another aspect provides for the use of a calcium nitrate solution mixed with water
having a percent of oxygen saturation of between 50% and 150%, such as between
75% and 125%, preferably around 100%, for prevention of a reducing environment
having a negative redox potential and with anoxic biological processes in an anoxic
body of water. Preferably, said anoxic body of water is an underlying water layer
beneath a surface water layer. In certain embodiments, said anoxic body of water is the
hypolimnion of a thermally stratified body of water. In certain embodiments, said
anoxic body of water is the anoxic body of water contained in the sludge or sediment
layer of a body of water.

Another aspect provides for the use of a calcium nitrate solution mixed with water having a
percent of oxygen saturation of between 50% and 150%, preferably around 100%, for the
binding and prevention of release and remobilization of nutrients out of an anoxic body of
water. Preferably, said anoxic body of water is an underlying water layer beneath a surface
water layer. In certain embodiments, said anoxic body of water is the hypolimnion of a
thermally stratified body of water. In certain embodiments, said anoxic body of water is the

anoxic body of water contained in the sludge or sediment layer of a body of water.

Description of the figures

- Figure 1 shows a bathymetric chart of Lake Schifersee in Berlin Reinickendorf,
in which the depth contours are shown in 0.5 meter increments, and in which the
partial desludged area above 3.5 meter is in light grey, while the deeper non-
desludged area below 3.5 meter is in dark grey;

- Figure 2 shows a bathymetric chart of Lake Schifersee which the positions of the
injection of a 45 weight% solution of calcium nitrate (position 0) and the
measuring points numbers 4 - 6;

- Figure 3 shows a graph with the comparison of annual variations of the nitrate-N
concentration in the years 2013 and 2014 in the measuring point 6 of Lake
Schifersee as indicated in figure 2;

- Figure 4 shows a graph with a comparison of the annual variations of nitrite-N
concentration in the years 2013 and 2014 in the measuring point 6 of Lake

Schifersee as indicated in figure 2;
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Figure 5 shows a graph with a comparison with annual variations of the redox
potential in the years 2013 and 2014 in the measuring point 6 of Lake Schéfersee
as indicated in figure 2;

Figure 6 shows a graph with a comparison of annual cycles of oxygen saturation
in the years 2013 and 2014 in the measuring point 6 of Lake Schifersee as
indicated in figure 2;

Figure 7 shows a graph with a comparison of annual variations of total
phosphorus P-concentration in the years 2013 and 2014 in the measuring point 6
of Lake Schifersee as indicated in figure 2;

Figure 8 shows a graph with a comparison of annual variations in the oxygen
content in the years 2013 and 2014 in the measuring point 6 of Lake Schéfersee
as indicated in figure 2;

Figure 9 shows a graph with a comparison of total nitrogen-N concentration in
the years 2013 and 2014 in the measuring point 6 of Lake Schifersee as
indicated in figure 2;

Figure 10 shows a graph with a comparison of ammonium-N concentration in
the years 2013 and 2014 in the measuring point 6 of Lake Schifersee as
indicated in figure 2;

Figure 11 shows a graph with a comparison of the Chemical Oxygen Demand
(COD) in the years 2013 and 2014 in the measuring point 6 of Lake Schéfersee
as indicated in figure 2;

Figure 12 shows a graph with a comparison of annual variation of the sulphate
concentration in 2014 in the measuring point 6 of Lake Schéfersee as indicated
in figure 2;

Figure 13 shows a graph with a comparison of nitrate-N concentration at 6 meter
depth in the year 2014 in the measuring points 4 and 6 of Lake Schifersee as
indicated in figure 2;

Figure 14 shows a graph with a comparison of the redox potential at 6 meter
depth in the year 2014 in the measuring points 4 and 6 of Lake Schifersee as
indicated in figure 2;
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Figure 15 shows a graph with a comparison of the oxygen content in the
year2014 in the measuring points 4 and 6 of Lake Schifersee as indicated in
figure 2;

Figure 16 shows a graph with a comparison of the phosphorous concentration in
the year2014 in the measuring points 4 and 6 of Lake Schéfersee as indicated in
figure 2;

Figure 17 shows a graph with a comparison of the ammonium N-concentration at
6 meter depth in the year 2014 in the measuring points 4 and 6 of Lake
Schifersee as indicated in figure 2;

Figure 18 provides is a graphical representation of an embodiment of a system
for remediation and/or restoration of an anoxic body of water, wherein water
from the anoxic body of water is pumped out of the body of water and is mixed
with calcium nitrate solution and oxygen, the mixture being pumped back into
the anoxic body of water;

Figure 19 provides a graphical representation of a first embodiment of a system
for remediation and/or restoration of the hypolimnion of a thermally stratified
body of water, wherein water is pumped out of the epilimnion of the thermally
stratified body of water and is mixed with calcium nitrate solution, the mixture
being pumped back into the hypolimnion;

Figure 20 provides a graphical representation of a second embodiment of a
system for remediation and/or restoration of the hypolimnion of a thermally
stratified body of water, wherein groundwater is pumped out of a groundwater
source located in the vicinity of the epilimnion of the thermally stratified body of
water and is mixed with oxygen and calcium nitrate solution in a mixing device,
the mixture being pumped back into the hypolimnion of the thermally stratified
body of water;

Figure 21 provides a graphical representation of a third embodiment of a system
for remediation and/or restoration of the hypolimnion of a thermally stratified
body of water, wherein water is pumped out of the hypolimnion and is mixed
with oxygen and calcium nitrate solution in a mixing device, the mixture being

pumped back into the hypolimnion.
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Detailed description of the invention
The present invention relates to a method for remediation and/or restoration of an
anoxic body of water, particularly for remediation and/or restoration of a body of water
comprising an anoxic body of water wherein the anoxic body of water is an underlying
water layer lying below a surface water layer, wherein a calcium nitrate solution is
added to the anoxic body of water, wherein the method comprises the steps of
- mixing water having a percent of oxygen saturation of between 50% and 150%
with the calcium nitrate solution, resulting in a mixture; and
- pumping the mixture into the body of water, preferably the anoxic body of water.
In particular embodiments, the water having a percent of oxygen saturation as defined
herein is taken from the surface water layer, the underlying water layer or a ground
water source in the vicinity of the surface water layer and is subsequently mixed with
oxygen via an oxygen mixing means. In more particular embodiments, the water
having a percent of oxygen saturation as defined herein is taken from the underlying
water layer or a ground water source in the vicinity of the surface water layer and is
subsequently mixed with oxygen via an oxygen mixing means. In particularly
preferred embodiments, the water having a percent of oxygen saturation is taken from
an underlying water lying beneath a surface water layer, such as the hypolimnion of a
thermally stratified body of water or the anoxic water layer contained in the sludge or
sediment layer of a body of water.
In particular embodiments the mixing step comprises mixing water having a percent of
oxygen saturation of between 75 % and 125% with the calcium nitrate solution,
resulting in a mixture, more particular having a percent of oxygen saturation of
between 95 % and 105%.
The final concentration of nitrate-N in the remedied and/or restored anoxic body
should preferably not exceed 5 mg/l of water, in particular between 1 and 5 mg/l of
water, such as for instance 1 mg/l of water, 2 mg/l of water, 3 mg/l of water, 4 mg/l of
water or 5 mg/l of water.
The calcium nitrate solution that is used to remedy and/or restore the anoxic body of
water can have different concentrations, preferably ranging between 5 and 55 weight%
calcium nitrate solutions, more preferably between 35 and 55 weight% calcium nitrate

solutions, such as for instance 40 weight%, 42.5 weight%, 45 weight%, 47.5 weight%,
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50 weight%, 51 weight%, 52 weight%, 53 weight%, 54 weight% or 55 weight%
calcium nitrate solutions. The most commonly used calcium nitrate solution is a 45
weight% calcium nitrate solution. In countries with a warmer climate, also 51 to 52
weight% calcium nitrate solutions can be used. There however also exist other calcium
nitrate solutions such as 8 weight% calcium nitrate solutions. It is a fact that a higher
concentration is more useful to treat bigger volumes of water.

The mixture of water and calcium nitrate has preferably a concentration of calcium
nitrate-N of between 10 mg/l and 1000 mg/l, depending on the volume and the flow of
the hypolimnion.

An anoxic body of water most commonly occurs as an underlying water layer lying
beneath a surface water layer or a surface water layer and one or more other water
layers, such as e.g. the hypolimnion in a thermally stratified body of water, or the
water layer contained in the sludge or sediment layer of a body of water. This does
however not take away the fact that under certain circumstances, also a flat body of
water can be completely anoxic.

As can be seen in the embodiment represented in figure 18, in case an anoxic body of
water (10) existing out of one layer has to be remedied and/or restored, water is
pumped out of the anoxic body of water (10) itself by means of a second pumping
means (6) that is provided for pumping water via a piping (7) to a mixer (2). In this
mixer (2), the water that is pumped out of the anoxic body of water (10) is mixed with
calcium nitrate solution (3), which is pumped via a pump (9) into the mixer (2), and
oxygen, such as air or pure (100%) oxygen (4) is added until water is obtained having
an oxygen saturation of between 50% and 150%, and more particularly 100%. The
second pumping means (6) for instance are in the form of hydraulic pump means. The
mixer (2) for instance is in the form of a mechanical mixing means. The mixture
coming out of the mixer (2) is then pumped via piping (8) using a first pumping means
(5) into the anoxic body of water (10). This process is done until the final
concentration of nitrate-N in the treated anoxic body of water (10) is between 1 to 20
mg nitrate-N per liter water, and more specifically between 1 and 5 mg nitrate-N per
liter water.

To remedy and/or restore anoxic bodies of water (10) forming an underlying water

layer, water from different sources can be used to be mixed with the calcium nitrate



WO 2017/162847 PCT/EP2017/057041

10

15

20

25

30

20

solution. It is possible to mix already naturally oxygen saturated water from the surface
(upper) layer of water with the calcium nitrate solution. No additional aeration of such
water is necessary.
It is furthermore also possible to mix water from the underlying water layer (or anoxic
body of water, such as e.g. water from the hypolimnion or from the sludge or sediment
layer) itself or ground water from a ground water source that is situated in the vicinity
of the underlying water layer with the calcium nitrate solution. In these two cases,
there will not be sufficient oxygen in the water to activate and keep activated the
nitrification and denitrification process, and thus, additional oxygen, preferably 100%
pure oxygen, has to be mixed with the calcium nitrate solution and the water of the
underlying body of water or the ground water.
The method according to the invention is typically applicable to remedy and/or restore
the bottom layer of a thermally stratified body of water. Thermal stratification of water
bodies refers to a change in the temperature at different depths in the water body, and
is due to the change in water's density with temperature. Thermal stratification
typically occurs in lakes, but can also occur in ponds, rivers and the like.
As can be seen in the different embodiments represented in figures 19 to 21, a
thermally stratified body of water (20) in general exists of
- a hypolimnion (10), the bottom layer;
- a metalimnion or thermocline (11), the middle layer that may change depth
throughout the day; and
- an epilimnion (12), the upper or surface layer.
In case the method is to be applied on a thermally stratified body of water (20), the
water that is mixed with the calcium nitrate solution (3) can be taken either form the
epilimnion (12) (see figure 19), either from the hypolimnion (10) (see figure 21), either
from groundwater (13) in the vicinity of the epilimnion (12) of the lake (20) (see figure
20), or from water separated from the sludge or sediment layer. Whatever water is
used, it has to have a percentage of oxygen saturation of between 50% and 150 %,
more specifically around 100%. Since epilimnic water usually is saturated around 100
% with oxygen, it is not necessary to have an additional aeration. The aeration
treatment step is in that case dispensable or optional. When however groundwater or

water from the hypolimnion or separated from the sludge or sediment is used, oxygen,
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preferably in the form of 100% pure oxygen, is preferably mixed with the water that is
mixed with the calcium nitrate.
In particular embodiments, the system (1) for the remediation and/or restoration of an
anoxic body of water, more specifically the hypolimnion (10) of a thermally stratified
body of water (20), is provided with a mixing device (2), which is arranged to mix the
calcium nitrate solution (3) with the water having a percent of oxygen saturation of
between 50% and 150%, resulting in a mixture. The system (1) comprises first
pumping means (5) for pumping the resulting mixture into the anoxic body of water,
more specifically the hypolimnion (10).
The system (1) further comprises second pumping means (6) for pumping (up) the
water that is mixed with the calcium nitrate solution (3) via piping (7). These second
pumping means (6) can either be provided for pumping
- (oxygenated) water from underlying water layer the epilimnion (12), as shown in
figure 19;
- (oxygen-poor) ground water (13) situated in the vicinity of the underlying or
surface water layer more specifically the surface water layer, as shown in figure
20; or
- (oxygen-depleted) water from the underlying water layer hypolimnion (10) itself,
as shown in figure 21; or
- (oxygen-depleted) water from the sediment layer as underlying water layer.
Typically, the system further comprises an oxygen mixing means for mixing oxygen
(4) into the water. Particular in case the water that is to be mixed with the calcium
nitrate solution (3) is pumped out of underlying water layer the hypolimnion (10) or
the sediment layer, or ground water (13), the system (1) also comprises oxygen mixing
means for mixing oxygen (4) into that water. In an embodiment, these oxygen mixing
means form part of the mixing device (2). As can be seen on figures 20 and 21, the
water from the hypolimnion (10) or the ground water (13) is preferably first mixed
with oxygen (4) in order to elevate the percent of oxygen saturation to between 50%
and 100%, most specifically approximately 100%, and then mixed with the calcium
nitrate solution (3), and finally pumped back into underlying water layer the

hypolimnion (10) via a piping (8) using the first pumping means (5). The mixture is
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pumped back into the hypolimnion (10) in a way to minimally disorder the thermal
stratification of the water body (20).

The mixing device (2) preferably forms part of an onshore (land) station.

In particular embodiments, the system for remediation and/or restoration of a body of
water comprising an anoxic body of water is arranged to perform a method as
described herein, wherein the system is provided with means to add a calcium nitrate
solution to the anoxic body of water, wherein the means to add the calcium nitrate
solution to the anoxic body of water comprises a mixing device arranged to mix the
calcium nitrate solution with water having a percent of oxygen saturation of between
50% and 150%, resulting in a mixture, and wherein the system further comprises first
pumping means for pumping the mixture into the body of water and optionally second
pumping means for pumping up the water that is to be mixed with the calcium nitrate

solution towards the mixing device.

Another aspect provides for the use of a calcium nitrate solution mixed with water
having a percent of oxygen saturation of between 50% and 150%, preferably around
100%, for prevention of a reducing environment having a negative redox potential and
with anoxic biological processes in an anoxic body of water and/or for the binding and
prevention of release and remobilization of nutrients, particularly phosphor out of an

anoxic body of water.

The present invention will be now described in more detail referring to an example that

is not limitative to the scope of the invention.

Examples

Example 1

Partial desludging of Lake Schifersee in Berlin, Reinickendorf, covered in the years
2013 — 2014, the riparian area to a depth of 3.5 meter. The lake had a maximum depth
of 6 — 7 meter. The total area of the lake was 4.14 hectare. The area to be desludged
made part of about 1.55 hectare. Thus, as can be seen in figure 1, in the restoration
project, a big part of the lake with an area of 2.6 hectare, corresponding to about 63%

of the total floor are, was not covered by the desludging process. With regards to this
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non-desludged area, it concerned a volume of hypolimnion of around 50,000 m* and
made a bit less than 1/3" of the total volume of 170,000 m?*. The water investigation,
carried out by Biiro Wassmann from Borgsdorf in July 2013, prior to the restoration,
showed a significant oxygen deficiency in the deepwater area (hypolimnion).
Associated decay processes in the form of hydrogen sulfide production were
confirmed by a negative redox potential. Furthermore, the reducing environment
promoted redissolution of nutrient, in particular from phosphorus, from the sediment,
which affected the worsening trophic state. A desludging of the areas below a depth of
3.5 meter would have been possible, but also a very costly measure.

Therefore, in addition to partial desludging, of the less deep part of the lake, the deep
water part of the lake was treated with a predefined concentration of nitrate-N. For
these tests, the monitored discharge of treated water having a depth of 5 meter was
developed. In order to determine an efficient concentration of calcium nitrate for the
treatment of the deep water, laboratory experiments were carried out with four
sediment cores having a depth of 7 meters and using different start concentrations of
nitrate-N. A discharging period of nitrate of three weeks into the hypolimnion was
applied. For the treatment, a final concentration of 5Smg/l nitrate-N was aimed for. A
pre-diluted concentration of 100 mg/l calcium nitrate was used. The concentration of
the nitrate and other parameters were at least weekly checked at several measuring
points to examine the depth and the spatial distribution. In figure 2, the positions of the
injection and the measuring points in the Schéifersee are shown.

On figure 3, it can be seen that the concentration of nitrate was at the measuring point
6 in deep water at 6 meters in June below the detection limit of 0.23 mg/] nitrate-N. A
few days after discharging, the concentration of calcium nitrate was 3.4 mg/l nitrate-N
on 18 July 2014. After completion of the preliminary phase, the concentration was
reduced to mid-August to 0.93 mg/l nitrate-N. Surprisingly, the nitrate concentration
increased until the end of August and remained at this level up to the end of the
measuring phase in November at 1.5 mg nitrate-N /I water. To the contrary, under
untreated conditions in the fall of 2013 from October to December, no nitrate was
detected (the nitrate-N concentration was below the detection limit of 0.23 mg/I), what

is representing a normal state of the deep water in the Schéfersee.
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The application of nitrate led to the formation of nitrite. As can be seen in figure 4, this
appeared from mid-August 2014 and reached a maximum concentration of about 0.75
mg/I nitrite-N, remaining well below the defined maximum value of 1 mg/l nitrate-N.
The normal state in the deep water of the Schifersee is the development of an anoxic
milieu also indicated by a negative redox potential. As can be seen in figure 5,
investigations from July 2013 to July 2014 showed a negative redox potential in the
summer months, which probably appear every year. So, a negative redox potential was
observed with oxygen deficiency in the deep water at the beginning of the studies in
August and September 2013. At the end of spring 2014, the lake developed reducing
conditions and declining oxygen concentrations in the deep water. In June and July
2014, the redox potential was strongly negative.

As can be seen in figure 5, after the beginning of the initiation phase of calcium nitrate
in July 2014, the redox potential changed within a few days into positive values and
remained stable at this level until the end of the measuring phase in November 2014.
As can be seen in figures 6 and 7, along with the increasing nitrate concentration and
the positive redox potential, also a change of the oxygen conditions was observed. As
can be seen in figure 6, the oxygen concentration was in the range of 2 — 5 mg/l in 5
meter depth from July to September. This is however not caused by the pure nitrate
application, but rather as a side effect of the discharge of oxygen-enriched water into
the deep water. The long-lasting effect is however remarkable because the application
of calcium nitrate was terminated at the end of July and no more molecular oxygen
was supplied.

In the deep water of the Schifersee, in 2013, extreme high phosphorus concentrations
of 1.5 — 2.5 mg/l (see figure 8) and nitrogen concentrations of 14 — 20 mg/1 (see figures
9 and 10) were determined. This can be explained by a strong redissolution of nutrients
from the sediment of the lake, which was triggered by the also confirmed reducing
conditions (see figure 5).

The COD (Chemical Oxygen Demand) is declining because ammonium, reduced
sulfur (hydrogen sulfide) and diluted or solid organic substances are oxidized. Fig. 12
shows the process of sulphur oxidization resulting in an increase of sulfate.

To investigate the spatial distribution of the addition of the calcium nitrate solution,

comparative measurements were done of the probe parameters (in-situ), as well as
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laboratory parameters were done at a second location a little further away from the
introduction point of the calcium nitrate solution, i.e. in measuring point 4 as can be
seen on figure 2.

The measurements of the total nitrate-N concentration, the ammonium-N
concentration, the redox potential, the oxygen content and the total phosphorous
concentration that were done at measuring point 6 as indicated in figure 2 have also
been done at measuring point 4. As can be seen in figure 13, the spatial distribution of
nitrate-N was detected with a time lag of about three weeks.

The same could be observed with the other parameters. As can be seen in figure 14, the
redox potential increased in measuring point 4 towards the end of August 2014 with
the same positive value of about +100 mV as in measuring point 6. As can be seen in
figure 15, oxygen was detected in measuring point 6 as well as in measuring point 4.

In order to investigate the redissolution of the nutrients from the lake sediment, the
total phosphorus content was also determined at measuring point 4. In accordance with
the delayed distribution on total nitrate-N, also the reduction of the phosphorus was
delayed. As can be seen in figure 16, at the beginning of the redissolution of
phosphorus, concentrations of P up to 1.3 mg/l were obtained in early August 2014 in
measuring point 4. However, with an increasing total nitrate-N concentration and
increasing redox potential, an equally sharp decline in the phosphorus concentration to
values below 0.1 mg/l was determined.

As can be seen in figure 17, similar behavior of the oxidation of ammonia could be
seen. At measuring point 4 in August 2014, a concentration of ammonium-N below the

detection limit of 0.05 mg/l was reached.

Example 2

This example shows a way of the calculation of the necessary CN concentrations, with
a focus on the variability of the different parameters such as stock solution, first
dilution etc. depending on the water flow, injection periods, etc. Depending on the sum
of different parameters, there is a wide range of possible values for starting
concentrations and dilutions, to obtain the final concentration in the water body, here

Lake Schifersee. Optimization and therefore measurements are necessary because in
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every water body, the conditions of microbiological processes are different. Also the
detection of the right time for injection measurements of temperature, oxygen and
redoxpotential in a depth profile are necessary. The right time for injection for
stratified lakes is a stable stratification, beginning anoxia and a negative redoxpotential
/ anoxia for shallow lakes. Furthermore, the control of nitrate and oxygen is necessary
to adjust the right dosage of nitrate when it is differing from the first calculations. The
measurement of nitrite and chloride is important for the detection of fish toxicity.

The volume of the hypolimnion of Lake Schifersee to be remedied and/or restored is
about 50,000 m?. To ensure to reach a final concentration of 2 mg nitrate-N / | water N,
2000 1 of CN45 (= a calcium nitrate solution with a 45 weight% of calcium nitrate),
providing 220 kg nitrate-N, was applied in the initial stage of the treatment process. In
that way, a medium concentration of 4.4 mg nitrate-N /I water is obtained. Taking into
account a loss of half of this medium concentration by spontancous denitrification and
other microbiological processes, a final concentration of 2.2 mg nitrate-N /| water was
obtained. The calcium nitrate solution was dosed into the hypolimnion by means of a
pump having a flow of 50 m*/hour. The pump worked 8 hours per working day and 5
working days in a working week. A final volume of 6.000 m? of calcium nitrate was
pumped into the hypolimnion, which is nearly 12% of the total volume of the
hypolimnion. In this case, the oxidized stock volume was concentrated up to 0.037 g

nitrate-N per liter water.
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Claims

1 Method for remediation and/or restoration of abody of water comprising an anoxic body
of water (10), wherein the anoxic body of water is an underlying water layer (10) lying below
asurface water layer (12) and wherein a calcium nitrate solution (3) is added to the anoxic body
of water (10), CHARACTERIZED IN THAT the method comprises the steps of

- mixing water having a percent of oxygen saturation of between 50% and 150%,
preferably around 100%, with the calcium nitrate solution (3), resulting in a mixture,
preferably having a concentration of calcium nitrate-N of between 10 and 1000 mg/l,
depending on the volume of the anoxic body of water (10) and the water flow in the anoxic
body of water (10), wherein the water is taken from the surface water layer (12), the
underlying water layer (10) or a ground water source (13) in the vicinity of the surface water
layer (12), and wherein the water is mixed with oxygen (4), preferably in the form of
atmospheric air, oxygen enriched atmospheric air, or 100% pure oxygen via an oxygen mixing
means,

- pumping the mixture into the body of water ,

until the final concentration of nitrate-N in the remedied and/or restored anoxic body of water

(20) is between 1 to 20 mg/l.

2. Method according to claim 1, wherein the anoxic body of water being an underlying
water layer is ahypolimnion (10) of athermally stratified body of water (20).

3. Method according to claim 2, wherein the thermally stratified body of water (20) has an
epilimnion (12), and the water that is mixed with the calcium nitrate solution (3) is water taken

from the epilimnion (12).

4. Method according to claim 2, wherein the water that is mixed with the calcium nitrate
solution (3) is water taken from the hypolimnion (10) which is mixed with oxygen (4) to a
percent of oxygen saturation of between 50% and 150%.

5. Method according to claim 2, wherein the thermally stratified body of water (20) has an
epilimnion (12), and wherein the water that is mixed with the calcium nitrate solution (3) is
taken from ground water (13) in the vicinity of the thermally stratified body of water (20) and

which is mixed with oxygen to a percent of oxygen saturation of between 50% and 150%.
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6. Method according to claim 1, wherein the anoxic body of water being an underlying
water layer is an anoxic body of water comprised in a sludge or sediment layer of said body of

water.

7. Method according to claim 6, wherein the water that is mixed with the calcium nitrate
solution (3) is taken from the anoxic body of water comprised in the sludge or sediment layer
and which is mixed with oxygen to a percent of oxygen saturation of between 50% and 150%.

8. Method according to any one of the preceding claims, wherein the method comprises
the step of controlling and optimizing the amount of calcium nitrate solution that has to be
added to the anoxic body of water (10) and the time when and for how long the calcium nitrate
solution has to be added to the anoxic body of water (10).

9. Method according to any one of the preceding claims, wherein the calcium nitrate

solution comprises one or more substances for enhancing precipitation of phosphorus.

10.  Useof acacium nitrate solution mixed with water having a percent of oxygen saturation
of between 50% and 150%, preferably around 100%, for prevention of areducing environment
having a negative redox potential and with anoxic biological processes in an anoxic body of
water, wherein the water having a percent of oxygen saturation of between 50% and 150% is
taken from the surface water layer, the underlying water layer or a ground water source in the

vicinity of the surface water layer and is mixed with oxygen via an oxygen mixing means.

11.  Use according to claim 10, wherein the anoxic body of water is the hypolimnion of a
thermally stratified body of water, or is the body of water comprised in the sludge layer of a
body of water.

12.  Useof acacium nitrate solution mixed with water having apercent of oxygen saturation
of between 50% and 150%, preferably around 100%, for the binding and prevention of release
and remobilization of nutrients, particularly phosphor out of an anoxic body of water, wherein
the water having a percent of oxygen saturation of between 50% and 150% is taken from the
surface water layer, the underlying water layer or a ground water source in the vicinity of the

surface water layer and is mixed with oxygen via an oxygen mixing means.



29 oo

13.  Use according to claim 12, wherein the anoxic body of water is the hypolimnion of a
thermally stratified body of water, or is the body of water comprised in the sludge layer of a
body of water.



