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Field of Invention:

The current invention relates to a mineral based composition that effectively grows organisms in
a marine environment. The mineral based material is composed of both organic and inorganic
components that provide a surface for nucleation to take place that is capable of sustaining an

ecosystem that reflects the diversity of life seen in the area.
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Brief Summary:

This invention involves a method to produce concrete that is used as both a surface and a
nutrient source for marine life to nucleate and grow. The construction includes both organic and
inorganic nutrients that slowly leach from the concrete into the marine environment. Care is
taken in selecting the materials needed for the composition of the concrete. For example, siags
and ashes can prodnce a concrete that has extremes in aci'ditya basicity or toxicity. Calcium
carbonate and other carbonate minerals not only serve as a pH buffer but also provide needed
carbonates that are released at a slow rate for organisms such as oysters, corals and bryozoans.
Most concrete construction inventions focus on making the strongest possible material for use in
building structures. The concrete described in this invention is designed to slowly degrade,
releasing its nutrients and eventually resulting in a natural mineral deposit (i.e. silicates and

carbonates) on the ocean floor, leaving a thriving marine ecosystem in its place.
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Background of the Invention:

Many inventions and discoveries have been revealed that examine or utilize different
materials and surfaces for the growth of life in fresh and salt water environments. These
materials have included car tires, automobiles, trains, planes, ships, bridges, building debris, fly
ash, rocks and shells. In most of these cases, there is no strategy by the designer to provide a
specific organism an advantageous surface that includes the correct nutrient composition,
provides a proper shelter, or has the correct chemical parameters needed such as pH, redox

potential, ionic strength and dissolved oxygen levels at the surface-water interface.

Mussels are a type of shellfish that adhere to a range of structures including rocks. The
glue that holds mussels to the rock is composed of DOPA proteins. These proteins draw on the
mussel but can also draw on a bacterial film tﬁat is present on the surface. These proteins take
part in the mussel’s adhesion process to a surface that involves both iron and silicates. In order
to maximize the adhesion and growth of the mussel to a surface, a source of sugér should be
available to start a bacterial biofilm, both iron and silicates should be present on the surface for
adhesion, and amino acids should be available in the matrix to contribute to the growth of the
binding protein. In addition, chemical species including amino acids, vitamins, trace minerals
and starches, which are all needed to suﬁport life in the earliest stages, should be available in
sufficient quantities. A strategy for growing mussels should then include the slow release of

rhany of these species to help them survive and prosper. -

A coral’s nutrient cycle can be complex and draw on several sources. One such source
that corals draw on is dissolved organic matter (DOM) which is a brood of chemicals that

includes sugars, amino acids, urea, carbohydrates and functionalized hydrocarbons (i.e. stearic
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and palmatic acid). Corals rely heavily on trace levels of these species from the surrounding
water supply, including over a dozen amino acids. The energy source for many corals is derived
from zooxanthellae (algae prominent on coral reefs) photosynthesis. This process would require
some nutrients to help the photosynthetic algae to grow as well as a steady supply of carbon
dioxide to produce carbohydrates in a complex cycle. Corals also require dissolved inorganic
matter which can be delivered as nanoparticles and include species such as calcium, magnesium,
copper and iron at appropriate concentrations. There must also be some flexibility in designing
the structure if specific species of corals are being cultivated. For example, most gorgonians
have a large fan-shape configuration and are perpendicular to the local water currents and tidal
flows. With the correct geometry, the gorgonians can catch plankton from the water supply
ﬁoré efficiently. While this outlines some of the parameters in effectively growing corals, a
process needs to take into account the slow release of specific chemicals, both organic and
inorganic, as well as the restriction of other chemical species. For instance, corals are very
sensitive to species such as chromium, so a steel object (i.e. train or ship) that typically contains
over ten percent chromium will leach the toxic species over time and therefore minimize the
growth of specific coral species. Another example is the overuse of phosphate which can
encourage the growth of certain species of algae that then coat corals and prevents their growth. "
In designing a surface with slow releasing chemical species, it is important to select to include

and not include certain species to optimize the growth rate of corals.

Another example of a carbonate based marine organism that benefits from this invention
is the oyster. Specific species such as the Crassostrea gigas (Pacific Oysters), Crassostrea
sikamea (Kumamoto Oysters), Crassostrea virginicas (Atlantic Oysters), Ostrea edulis (European

Flats), and Ostrea lurida or Ostrea conchapila (Olympia Oysters) can benefit from this

16
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technology. While oysters are known as a food source, they also provide tremendous advantages
in natural ecosystems as well as to humans. For example, oyster beds can help staBilize a
shoreline and prevent erosion. There are many examples of using oyster colonies to save
existing property from being engulfed by the sea. Oyster colonies can also play a tremendous
role in maintaining clean water. A single adult oyster can filter up to fifty gallons of water per

day, removing various unwanted microbes and chemicals.

Oyster beds have been destroyed by human intrusion through dredging, excgssive
fertilizer use, over-harvesting, herbicides and pesticides that run off into the ocean, accidental
ship groundings, freshwater flow shortages, oil spills and disease. Replacing or extending these
oyster beds, which may stretch many miles, is a monumental task. A technique is needed that 1s
economical and applies the concepts of green téchnology to replenish these oyster bars since they
continue to decrease in size or have been completely destroyed. Currently, repurposed oyster
shells are collected and dispersed to serve as a medium for new oyster larvae, or spat, to settle on
and grow. This approach has not only exhausted many of the oyster shell reserves making them
less available, but it has also led to an increase in their price. Other approachés include utilizing
large cement structures that can weigh between five ﬁundred and two thousand pounds to serve
as a surface for oyster growth; however, this approach is limited for two reasons. First, oysters
often live in shallow waters and the large cement structures must be transported to deeper water
locations using a barge with a crane to operate successfully. Second, once these structures are
put in place, they are difficult or impossible to relocate if needed. In many cases, an approach
where a surface can be placed near an existing oyster bar to colonize the spat and then be moved

to another area is necessary to rejuvenate an oyster population. This would require a small,
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easily deployable and transportable device. Even in deeper water, economics would limit

reintroducing an oyster bar if just large, expensive structures were used.

Another field to be considered when placing a bioactive material in the ocean is biofilms
and the potential drugs they can produce. Currently, many drugs that are harvested from the
ocean are produced by symbiotic bacteria that reside within a host organism. There are a
plethora of examples: ara-A extracted from a marine sponge is an antiviral drug, ara-C extracted
from a marine sponge is an anticancer drug, cephalosporins from a marine fungi are an
antibiotic, conotoxins extracted from Cone snails are used for chronic pain, GTS21 extracted
froﬁ a Nemertine worm is used for Alzheimer’s disease, LAF389 extracted from a sponge 1s a
cancer drug, Yondelis (ET743) extracted from a sea squirt is used against soft tissue sarcoma,
dolastatin-10 extracted from a sea slug is used against cancer, ILX651 from a sea slug is used to
battle cancer, cerﬁadotin extracted from a sea slug is used against cancer, discodermolide
extracted from a deep ocean sponge is used against cancer, IHTI286 extracted from a sponge 1s
used to treat cancer, aplidin extracted from a sea squirt is used to battle cancer, and Bryostatin-1
from a bryozoan is used as a medication in cancer, HIV and Alzheimer’s diseases. These drugs
provide some insight to the proliferation of medicines that have been identified from marine life
over recent decades. These drugs are identified in their host organisms at very low
concentrations (i.e. 107 to 108 percent) making them available in extremely limited quantities.
In most cases, these host organisms are incapable of supplying the significant quantities needed
for medicinal applications. A surface that provides nutrients to grow bacterial films, for either
surveying an ecosystem for new pharmaceutical agents or for producing known agents, would be

a significant improvement over existing methods.
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Detailed Description:

This invention focuses on a process to make a solid, mineral-based, bioactive structure
that can serve as a nucleation point for a host Qf marine life. The process involves mixing
together a series of compounds to form a final composition that will harden and provide a sourcé
of nutrients for feeding. Products found in the cement and final concrete mixture include
calcium oxide (Ca0), silicon dioxide (Si03), aluminum oxide (Al;03), iron oxide (Fe;03),

‘magnesium oxide (MgO), diphosphorous pentaoxide, sulfur trioxide; tricalcium aluminate
(Ca3Al,0), tetracalcium aluminoferrite (CasAlyFe;O1), dicalcium silicate (Ca;8105CySy),
tricalcium silicate (Ca3SiOy C3Sss), sodium oxide (Na,O), potassium oxide (K,0), gypsum
(CaS04.2H,0), and calcium carbonate (CaCO;). Depending on the reactants used and the
conditions present in the kiln, the qualitative and quantitative composition of the products can
vary. These are normal components of concrete that are routinely mixed in various proportions
to optimize different parameters. Concrete composed of these materials can, by itself, be a very
po'or surface to serve as a nucleation point for marine life. For example, reacting sulfur trioxide
with water produces sulfuric acid resulting in a pH that would minimize the ability of organisms
to thrive on the surface. Various types of slags and fly ash can also produce a chemical
environment incapable of sustaining life. Additional chemical species are added to optimize

surface conditions, such as pH, and to provide a slow release of key nutrients essential for life.

| In this process, many nutrient and chemical species are added to optimize surface
conditions which include: calcium carbonate, cellulose, sugars (i.e. sucrose, glucose, fructose,
etc.), sodium bicarbonate, proteins, peptides, chitin, lignin, urea, ammonia and/or ammonium, |
sodium oxide, potassium oxide, iron oxide, potassium, sulfate, magnesium, strontium, phosphate,

nitrate, nitrite, silicates, boron, copper, iron, manganese, molybdenum, zinc, vitamin A, vitamin
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D, glutamic acid, aspartic acid, leucine, lysine, proline, threonine, isoleucine, valine, serine,
alanine, tyrosine, methionine, arginine, phenylalanine, tryptophan, glycine, histidine, vitamin C;
vitamin E, niacin, magnesium, thiamin (B1), riboflavin (B2), vitamin B6, pantothenic acid,
vitamin K, folic acid, biotin, vitamin B12, iodine/iodide, selenium, chromium, tin, vanadium,
lithium, barium., nickel, cadmium, leéd, cobalt, silver, and titanium. Many of these species, such
- as lithjum, chromium, sulphate and nitrate are part of various salts and can contain a charge.

Some of these species, such as the vitamins and amino acids, are added in at trace levels.

In this process, the bulk components—lime or calcium oxide, silica, alumina, iron oxide,
gypsum, and calcium carbonate—are placed in a container. Typically, they are obtained by
mixing Portland cement with limestone sand and silica based sand. The remaining components,
each present at lower than one percent of the total mass, are mixed with water. The water
volume used to dissolve or suspend the trace species (in milliliters) is typically twenty percent of
the bulk components mass (in grams). For example, if the bulk components weigh one kilogram
or one thousand grams, then two hundred milliliters of water is used to dissolve and solubilize
the remaining species, many of which are nutrients. This chemically enriched solution is then
addgd and mixed in with the bulk material. Additional water is added until the material reaches a

proper texture where it will dry and harden.

This nutrient enriched concrete mixture is poured into a mold and allowed to dry. In this
work, the exact composition can vary according to physical and chemical conditions as §vell as
the marine organism that is sought during the grow-out process. For example, when growing
oysters or corals, organisms that have a high demand for calcium carbonate, a~signiﬁcant part of
the additives to the cement in its transition to concrete is limestone dust. Likewise, scientific

studies have shown that corals are very dependent on twelve specific amino acids for their
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growth; subsequently, these make up about 0.0003% of the final concrete mixture by mass
percentage. Similarly, some chemicals are minimized to remove unwanted growth. For
instance, the addition of high levels of phosphate can result in high growth rates of unwanted
algae that can coat the cement material with a green matt preventing other species, such as
corals, from nucleating to the surface and growing. In many cases, concrete mixtures can result
in a material that has a high or low pH which is the result of additives such as fly ash. In our
mixture, an amphiproéic species such as sodium bicarbonate is added to serve as a buffer. As the
concrete saturates, the electrolyte dissociates and forms inert sodium ions and bicarbonate ions.
The bicarbonate ions quickly pick up a hydrogen ion or neutralize hydroxide ions; this serves as
a buffer and maintains the pH of the surface in the 6-8 range which is the condition needed for
living creat'ures to survive. The actual pH can be fine-tuned to be slightly acidic or slightly

basic, as required by a specific organism.

Tron levels and the form that iron is delivered in can be important for various marine
organisms. Iron is often contained in cement in relatively high concentrations as insoluble iron
oxide. This form can be very difficult or impossible for most marine creatures to dissolve and
consume. Iron is a limiting nutrient in the marine environment, so its availability is critical for
the survival of many life forms. Given these conditions, iron may be added to concrete mixtures
as a salt (i.e. iron (IIT) chloﬁde) or in a complex (i.e. iron-hemogloblin) so that it can be used by

marine species.

Sugars can be delivered in different forms such as mono, di and trisaccharides. Higher
quantities of sugar can be used to trigger the rapid growth of biofilms that are composed largely

of bacteria. These biofilms are of great use in searching the ocean for marine natural products or
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drugs that come from the sea. Bacterial biofilms are also a food source for many marine

creatures of higher trophic levels and can serve as a starting point for an ecosystem.

Natural polymers such as cellulose, starch, lignin and chitin can be added to serve as an
organic nutrient as well as a material to slightly weaken the concrete contributing to its ability to
biodegrade over time. The state and condition of these compoﬁnds can also be important. For
example, in same grow-outs, some fresh (green) pine needles were ground up and added to a
mixture at approximately 0-2% of the total mass. In addition to cellulose and lignin present in
the pine heedles, the material contained potential nutrients such as chlorophyll, sap and cell
components. In another example, fresh chitin from shrimp shells were ground up and added at a
low total mass percent (approximately 0.1%). When added, the chitin was covered with a
bacterial film that was incorporated into the nutrient enriched concrete giving it an additional

component that contributed to its bioactivity.

There are additional considerations when making a nutrient enriched concrete. While
there are a host of organic type molecules that serve as nutrients, they can also weaken the
concrete structure which enhances its ability to biodegrade. Many concretes made for typical
industrial purposes, such as for buildings and large pipes, desire strong, long-lasting concrete. In
this invention, the concrete is designed to eventually biodegrade and leave behind a natural
residue composed of common minerals such as silica, alumina and carbonates. This degradation
is designed to last over several years. If organics are added at high concentrations, then the

* concrete will either decay too quickly in the marine environment or will produce a material that
will not hold its form at all. The concentration of the more economical organic species, such as

the sugars, is typically kept below 0.3% of the total mass.
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Some chemical species are required at trace levels in order for life to be sustained. These
include species such as copper and manganese. These species can also be toxic at higher
concentrations to many forms of life. Their levels in the final concrete structure are on the order

of tens of parts per million providing an essential nutrient that is below toxic levels.

Another important factor for nucleating and raising some marine species, particularly in
their early phases of life, is protection. Thesé conerete structures are often designed with
grooves and small holes that provide a safe location for microscopic larvae, such as for corals or
oysters, to begin their life cycle. Marine predators such as fish and crabs will often scour a
surface for food, such as larvae, impacting the production of a species. Holes, grooves and
crevices give larvae a chance to nucleate and grow to a size where they cannot be easily

consumed.

In a typical composition of this invention, nutrients comprise the mass percentages as
follows: 100 parts Portland cement, 35 parts calcium carbonate sand, 2 parts silica based sand, 2
parts sodium bicarbonate, 0.01 parts sum total of sugars, 0.01 parts sum total of vitamins, 0.005
parts sum total of essential amino acids, 0.01 parts sum total of nitrate, ammonium and
phosphate, 0.1 parts sea salts, 0.1 parts cellulose and chitin, 0.001 parts starch, and 0.001 parts

total iron, copper and zinc chloride.
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Claims:
What is claimed 1s:

1) A method of forming a nutrient enriched concrete mixture with water in which the hydroxide
ion concentration is below 0.001 Molar and the hydronium ion concentration is above 0.001
Molar in the aqueous suspension, and it contains a suspended and dissolved bulk inorganic

composition, a trace inorganic composition, and a trace organic composition.

2) The method of claim 1 where carbonate and/or bicarbonate components, considered a bulk

constituent, comprises at least one percent of the total solid mass.

3) The method of claim 1 where additional inorganic minerals and salts are composed of silicates
such as but limited to silicon dioxide and silicon trioxide, aluminates such as but not limited to
aluminum oxide, oxides of alkaline earth metals such as but not limited to calcium oxide and
magnesium oxide, and additional soluble and insoluble salts that contain hydroxides, water
molecules, chlorides, sodium ions, potassium ions, calcium ions, sulfate ions, magnesium ions,
iron ions, and fluoride ions; the sum of these species total at least thirty percent of the total final

mass.

4) The method of claim 1 where salts of transition metals such as but not limited to zinc, copper,
manganese, molybdenum, silver, lead, boron, and cobalt total at least one part per million by

mass of the dried concrete.

5) The method of claim 1 where salts of inorganic anions such as but not limited to nitrates,
nitrites, ammonium, phosphates, sulfides, iodides, bromides, sulfites total at least one part per

million by mass.
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6) The method of claim 1 where salts of other cations such as but not limited to lithium, barium,

strontium, tin and selenium total at least ten parts per billion of the total concrete mass.

7) The method of claim 1 where a mixture of vitamins may contain one or more of the following
species: vitamin A, vitamin C, vitamin D, vitamin E, vitamin K, thiamin(B1), riboflavin(B2),
niacin, vitamin B6, folic acid, vitamin B12, biotin, and pantothenic acid total at least one part per

million hy mass.

8) The method of claim 1 where a mixture of amino acids may contain one or more of the
following: glutamic acid, aspartic acid, leucine, lysine, proline, threonine, isoleucine, valine,
serine, alanine, tyrosine, methionine, arginine, phenylalanine, tryptophan, glycine, and histidine

total at least one part per million by mass.

9) The method of claim 1 where a natural source of cellulose and lignin are included in the final

concrete mixture and total at least one part per million by mass.

10) The method of claim 1 where a protein source, such as but not limited to albumin, is included

in the final concrete mixture and totals at least one hundred parts per billion by mass.

11) The method of claim 1 where the natural polymer chitin is included at a mass percent

concentration of at least one parts per million.

12) The method of claim 1 where urea is included in the concrete mixture and has a total mass

percent concentration of at least tén parts per billion.

13) The method of claim 1 where marine microbes such as bacteria may be included in the

mixture increasing the bioactivity of the final concrete mixture.
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14) The method of claim 1 where there is a sugar source, typically a combination of

monosaccharide’s, disaccharides and trisaccharides, is included in the concrete mixture and

totals at least one part per million by mass.

15) The method of claim 1 where the function of adding chemical species such amino acids,
vitamins, sugars, proteins, urea, citric acid, trace elements, etc. is to serve as nutrients for the

growth of marine life.

16) The method of claim 1 where the addition of nutrients serves to decrease the strength of the
concrete allowing it to slowly degrade leaving behind inert chemical species such as silicates,

aluminates and carbonates that are naturally found in nature.

17) The method of claim 1 where incorporating organic and inorganic nutrients essential for life

results in the slow and controlled release of these species over an extended period of time.

18) The method of claim 1 where the chemical species selected are mixed with cement to form
concrete and deployed in the environment in such a procedure as to qualify as a green technology

with a particular emphasis on the practices of sustainability.
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