Manufactured Clinoptilolite Zeolite in a Colloidal Suspension
About the White Paper
The information presented in this paper is intended for professional education and is sourced
from published research, articles, and books. This paper is not intended to serve as the basis for
health advice and should not be considered to replace the care of a licensed health professional.
What is a Zeolite?
Zeolites are naturally found, lightweight, porous minerals found in the
earth where volcanic rocks and ash reacted with alkaline, or high pH,
groundwater, millions of years ago. The microscopic structure of
zeolites has millions of regularly arranged holes, or pores that give the
material the ability to absorb large amounts of water along with a wide
variety of ions, toxins, heavy metals, radioactive particles and gases.
Commercial grade zeolite.

Most of us are familiar with the zeolites used in water softener systems.
The zeolite core of the water softener absorbs large amounts of metals like calcium and magnesium
from the water. Periodically, the zeolite in your water softener is flushed with highly concentrated
saltwater to flush out the metal ions and regenerate the zeolite for more absorption. The most
common forms of zeolites used in water softeners are the natural aluminosilicates, gluconites (i.e.
greensand), and synthetic permutite.
The strong attraction of zeolites for toxins is the result of the way the elements oxygen, silicon,
aluminum, and alkali metals (e.g. lithium, sodium, potassium) are arranged inside the material. The
Silicon-Oxygen and Aluminum-Oxygen bonds that create the nanometers-sized hollow cages inside the
zeolite are bulky and rigid. The strong bonds between these elements leave
the interior space within the cage with a negative electrical charge, and elements and molecular
fragments with positive charge are strongly adhered, sometimes by multiple connections, making it
very difficult for the captured species to escape.
Natural vs. Synthetic Zeolites
Of the 245 unique zeolite frameworks that have been identified by the International Zeolite Association
Structure Commission, over 40 are naturally occurring. Naturally occurring zeolites are rarely pure and
are contaminated to varying degrees by other minerals, metals, quartz, or other zeolites. Some of these
impurities are simply absorbed inside the zeolite’s pores, while others are an integral part of the
structure.
Acid treatments at high temperatures can remove many of these impurities, but as more structural
atoms are extracted, the integrity of the zeolite framework becomes compromised, and the important
toxin-binding cages begin to collapse. At this point, the zeolite becomes increasingly less effective as
regions inside the structure become blocked. In other words, increasing purity is balanced by
decreasing function, and it is difficult to completely purify a naturally occurring zeolite from all its
impurities and still retain full potency.
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Clinoptilolite
Clinoptilolite is a naturally occurring hydrated alkali aluminosilicate that is one of the most abundant
minerals in the zeolite family. Its structure consists of an outer framework of silica and alumina
tetrahedra, within which water molecules migrate freely and exchangeable cations (e.g., calcium,
potassium, sodium) gather inside. Although clinoptilolite’s chemical formula varies with composition, a
typical representation is given by (Na2, K2, Ca)3Al6Si30O72·24H2O. The crystal structure of clinoptilolite has
large 12-ring pores, the effective pore size of the zeolite excludes molecules larger than ~0.4 nm (1).
Because of its wide use in agriculture and industry Clinoptilolite has been named the mineral of the 21st
century by The International Mineralogical Association. Clinoptilolite has been used with success in
animal feed at less than 2% by weight and for the purpose of an anti-caking flow agent.
To produce pure, synthetic clinoptilolite, silica, alumina, and alkali sources with initial Si/Al ratio from 3.0
to 5.0 are heated in an autoclave for 1–10 days at a temperature range from 120 to 195 °C. The
Clinoptilolite begins to assemble in tiny crystals, whose crystallization rate and crystallinity is controlled
by seeding and manipulation of the reaction conditions (2). Instead of direct heat, microwave, ultrasound
and high pressure may be used (3).
(1) Farjoo A, Sawada JA, Kuznicki SM. Manipulation of the pore size of clinoptilolite for separation of ethane from
ethylene. Chemical Engineering Science. (2015) 138:685-688; Kowalczyk P, Sprynskyy M, Terzyk AP, Lebedynets M,
Namieśnik J, Buszewski B. Porous structure of natural and modified clinoptilolites. J Colloid Interface Sci. (2006)
properties of natural zeolite - Clinoptilolite - As a sorbent. Environment Protection Engineering (2012) 39(1):139.
(2) Moliner M, Willhammar T, Wan W, González J, Rey F, Jorda JL, Zou X, Corma A. Synthesis design and structure of a
multipore zeolite with interconnected 12- and 10-MR channels. J Am Chem Soc .(2012);134(14):6473-8; Musyoka NM,
Petrik LF, Gitari WM, Balfour G, Hums E. Optimization of hydrothermal synthesis of pure phase zeolite Na-P1 from
South African coal fly ashes. J Environ Sci Health A Tox Hazard Subst Environ Eng. (2012) 47(3):337-50; Sakthivel A, Iida
A, Komura K, Sugi Y. The beta-zeolite synthesized by dry-gel conversion method without the use of sodium hydroxide:
characterization and catalytic behaviors. J Nanosci Nanotechnol. (2009) 1:475-83; Li CH, Huang KL, Chi YN, Liu X, Han
ZG, Shen L, Hu CW. Lanthanide-organic cation frameworks with zeolite gismondine topology and large cavities from
intersected channels templated by polyoxo-metalate counterions. Inorg Chem. (2009) 48(5):2010-7; Zhang D, Zhang
RQ. Silica nanoarchitectures with tailored pores based on the hybrid three- and four-membered rings. J Phys Chem B.
(2006) 110(31):15269-74; Mintova S, Olson NH, Valtchev V, Bein T. Mechanism of zeolite A nanocrystal growth from
colloids at room temperature. Science. (1999) 283(5404):958-60.
(3) Ng TYS, Chew TL, Yeong YF, Jawad ZA, Ho CD. Zeolite RHO Synthesis Accelerated by Ultrasonic Irradiation
Treatment Sci Rep (2019) 9:15062; Gordina NE, Prokof’ev VY, Kul’pina YN, Petuhova NV, Gazahova SI, Hmylova OE.
Effect of ultrasound on the synthesis of low-modulus zeolites from a metakaolin. Ultrasonics Sonochemistry. (2016) 33:
210-219; Effects of ultrasound on the synthesis of zeolites: A review. Journal of Porous Materials. (2013) 20: 285–302;
Jin H, Ansari MB, Park SE. Mesoporous MFI zeolites by microwave induced assembly between sulfonic acid
functionalized MFI zeolite nanoparticles and alkyltrimethylammonium cationic surfactants. Chem Commun (2011)
14;47(26):7482-4; Panzarella B, Tompsett GA, Yngvesson KS, Conner WC, Microwave Synthesis of Zeolites. 2. Effect of
Vessel Size, Precursor Volume, and Irradiation Method. J. Phys. Chem. B (2007), 111, 44, 12657-12667; Conner WC,
Tompsett G, Lee KH, Yngvesson KS. Microwave Synthesis of Zeolites: 1. Reactor Engineering. J. Phys. Chem. B (2004),
108, 37: 13913-13920.

Modified natural clinoptilolites are commonly produced by treating naturally mined clinoptilolite with
acids and organic agents such as cationic surfactants, polymers, or amines (4). The modification intensely
changes the surface properties, allowing clinoptilolite to absorb anions or nonpolar molecules, for which
the unmodified surface has a little affinity.
(4) Putra I, Kusumawati I, Permadi A. Modification of Clinoptilolite with Benzalkonium Chloride as a Carrier of Metformin
Hydrochloride Asian Journal of Chemistry. (2019) 31, 6, 1275-1278; Elizondo-Villarreal N, Obregón-Guerra R, GarcíaMéndez M, Sánchez-Espinoza AP, Alcorta-García MA, Torres-Barrera RO, Coello V, Castaño VM. Nanomodification of a
natural zeolite. Rev. Adv. Mater. Sci. (2016) 47: 74-78; Roque-Malherbe R, Costa-Hernandez AN, Rivera-Maldonado C,
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Lugo-Alvarado FN, Polanco-Estrella R. Study of the Adsorption Space of Modified Clinoptilolites Journal of Materials
Science and Engineering B. (2013) 3 (5): 263-280; Jha VK, Hayashi S. Modification on natural clinoptilolite zeolite for its
NH4+ retention capacity, Journal of Hazardous Materials., (2009) 169, 1–3:29-35; Allen SJ, Ivanova E, Koumanova B.
Adsorption of sulfur dioxide on chemically modified natural clinoptilolite. Acid modification. Chemical Engineering
Journal. (2009) 152, 2–3:389-395.

Zeolites in the Diet
The main structural parts of clinoptilolite include the chemically stable/inert silica, or silicon dioxide,
and alumina, or aluminum oxide. Humans have been inadvertently and intentionally eating these
materials in their diets for centuries (5). For example, the human diet gets significant amounts silicon
dioxide from skins of foods like potatoes, peanuts, and beets, and in the bran of whole grains. During
ancient times, aluminum oxide clays were used in hide tanning, first aid, fabric dying and fireproofing.
Aluminum oxide, occurs in nature as various minerals, has many uses in pharmaceutical and industrial
manufacturing processes as an adsorbent, desiccating agent, catalyst, dental cements, toothpaste
abrasive, cosmetics, sunscreens, and also as a dispersing agent food additive. Given the long history of
human use of these minerals, they are generally considered to be safe.
(5) Winkler, H. C., Suter, M., & Naegeli, H. Critical review of the safety assessment of nano-structured silica additives in
food. Journal of nanobiotechnology, (2016) 14(1):44; Krewski, D., Yokel, R. A., Nieboer, E., Borchelt, D., Cohen, J., Harry,
J.,Rondeau, V. Human health risk assessment for aluminium, aluminium oxide, and aluminium hydroxide. Journal of
toxicology and environmental health. Part B, Critical reviews, (2007) 10 Suppl 1: 1–269; Winship KA. Toxicity of
aluminium: a historical review, Part 1. Adverse Drug React Toxicol Rev 1992; 11: 123-41; Winship KA. Toxicity of
aluminium: a historical review, Part 2. Adverse Drug React Toxicol Rev 1993; 12: 177-211; Al Juhaiman LA, Estimating
Aluminum leaching from Aluminum cook wares in different meat extracts and milk. Journal of Saudi Chemical Society.
14, 1, 2010, 131-137.

Silicon dioxide, also known as silica, is a natural compound made of two of the earth’s most abundant
materials: silicon (Si) and oxygen (O). Silicon dioxide is found naturally in water, plants (e.g. leafy green
vegetables, beets, bell peppers, barley, brown rice, oats, alfalfa), animals, and the earth (5). The earth’s
crust is 59 percent silica. It makes up more than 95 percent of known rocks on the planet and is even
found naturally in the tissues of the human body. Silicon dioxide is inert to most reagents, in particular
hydrochloric acid (as found in the stomach). It is attacked by strong alkalis such as caustic soda, and
hydrofluoric acid, but these are not found in your gut.
Aluminum oxide, also known as alumina, is a major constituent of the Earth’s crust, comprising up to
about 8% of the Earth’s surface. Aluminum is the third most abundant element in the Earth’s crust with
oxygen and silicon being the first and second. Aluminum oxide is insoluble in water, practically insoluble
in non-polar organic solvents, slowly soluble in aqueous alkaline solutions. It is not a form of aluminum
that is significantly bioavailable. In a healthy adult only approximately 15µg of the average daily dietary
alumina intake of 3-5mg is absorbed (5). The intestinal absorption of alumina is sometimes enhanced by
citrate (which is found frequently in effervescent drug formulations) but this is compensated for by the
presence of silica in the formula (5). Aluminum ion leaching (a much more bioavailable form) from
Aluminum utensils is more serious and can leach more Al than will advanced TRS (5).
Clinoptillolite, a specific form of zeolite that is a composite of silicon dioxide and aluminun oxide, has
been widely used in animal husbandry, resulting in increasing feed efficiency, improving production
rates, controlling microbial activity, reducing ammonia levels, reducing need for antibiotics and
veterinary medicines, and decreasing mortality rates (6). Animal studies have demonstrated that
clinoptilolite exerts immuno-stimulatory effects, modulates anti- and pro-inflammatory mechanisms
via super antigens, and might have a use in anticancer therapy (7). Use of micronized natural zeolites
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like clinoptilolite is a new, exciting area in dietary supplements. Clinically safe, Clinoptilolite can adsorb
glucose, can stop diarrhea, and is a potent antioxidant (8). Clinoptilolite may be helpful in combating
“leaky gut” that results from over exertion and absorption of pathogens/toxins into tissue and blood
stream, and improving neurological function via the “Gut-Brain Axis” (9).
(6) Valpotic H, Gracner D, Turk R, Durcic D, Vince S, Folnozic I, Lojkic M, Zaja IZ, Bedrica L, Macesic N, Getz I, Dobranic T,
Samardzija M. Zeolite clinoptilolite nanoporous feed additive for animals of veterinary importance: potentials and
limitations. Periodicum Biologorum (2017) 57:61 119, No 3, 159–172; Scientific Opinion on the safety and efficacy of
clinoptilolite of sedimentary origin for all animal species. EFSA Panel on Additives and Products or Substances used in
Animal Feed (FEEDAP) (2013) 11 (1):3039. Mumpton, F. A. and Fisherman, P. H. The Application of Natural Zeolites in
Animal Science and Agriculture. J. Anim. Sci., (1977) 45: 1188 –1203.
(7) Pourliotis K, Karatzia MA, Florou-Paneri P, Katsoulos PD, Karatzias H, Effects of dietary inclusion of clinoptilolite in
colostrum and milk of dairy calves on absorption of antibodies against Escherichia coli and the incidence of diarrhea,
Animal Feed Science and Technology. (2012) 172, 3–4: 136-140; Pavelic K, Katic M, Sverko V, Marotti T, Bosnjak B, Balog
T, et al. Immunostimulatory effect of natural clinoptilolite as a possible mechanism of its antimetastatic ability. J Cancer
Res Clin Oncol. (2002) 128:37–44; Pavelic K, Hadzija M, Bedrica L, Pavelic J, Dikic I, Katic M, et al. Natural zeolite
clinoptilolite: new adjuvant in anticancer therapy. J Mol Med. (2001) 78:708 –720; Martin-Kleiner I, Flegar-Meštrić Z,
Zadro R, Breljak D, Stanović Janda S, Stojković R, Marušić M, Radačić M, Boranić M. The effect of the zeolite clinoptilolite
on serum chemistry and hematopoiesis in mice, Food and Chemical Toxicology. (2001), 39 7:717-727; Ueki, .,
Yamaguchi, M, Ueki, H, Watanabe, Y, Ohsawa, G, Kinugawa, K., et al.. Polyclonal human T-cell activation by silicate in
vitro. Immunology. (1994) 82:332–335.
(8) Pavelić SP, Simović MJ, Gumbarević D, Filošević A, Pržulj N, Krešimir P. Critical Review on Zeolite Clinoptilolite Safety
and Medical Applications in vivo. Frontiers in Pharmacology. (2018), 27, 9: 1350; Montinaro M, Uberti D, Maccarinelli G,
Bonini SA, Ferrari-Toninelli G, Memo M. Dietary zeolite supplementation reduces oxidative damage and plaque
generation in the brain of an Alzheimer’s disease mouse model. Life Sci. (2013) 92(17-19):903–910; . Ivkovic S, Zabcic D.
The effect of tribomechanically activated zeolite (TMAZ) on total antioxidant status of healthy individuals and patients
with malignant disease. Free Radic Biol Med. (2002) 33(suppl 1):172; Concepcion-Rosebal B, Rodriges-Fluentes G,
Simon-Carballo R. Development and featuring of the zeolitic active principle FZ: a glucose adsorbent. Zeolites. (1997)
19(1):47–50; Ivkovic S, Zabcic D. Antioxidative Therapy: nanotechnology product TMA-Zeolite reduces oxidative stress in
cancer and diabetic patients. Free Radic Biol Med. (2002) 33(suppl 2):331; Rodriguez-Fluentes G, Barrios MA, Iraizoz A,
Perdomo I, Cedre B. Enterex–anti-diarrheic drug based on purified natural clinoptilolite. Zeolites. (1997) 19(5–6):441–
448. 96. 47.
(9) Kaelberer MM, Buchanan KL, Klein ME, Barth BB, Montoya MM, Shen X, Bohórquez DE. A gut-brain neural circuit for
nutrient sensory transduction Science (2018) 361, 5236:1-8; West NP, Pyne DB, Peake JM, Cripps AW. Probiotics,
immunity and exercise: a review. Exerc Immunol Rev. (2009) 15:107–126; Fasano A. Leaky gut and autoimmune
diseases. Clinic Rev Allerg Immunol. (2012) 42:71–78; Waterman JJ, Kapur R. Upper gastrointestinal issues in athletes.
Curr. Sports Med. Rep. 11, 99–104; DeOliveira EP, Burini RC. Food-dependent, exercise-induced gastrointestinal distress.
J Int Soc Sports Nutr. (2011) 8:12.

What is nano?
In a dictionary you can find the following definition for Nano:
Nano: definition, a combining form with the meaning “very small, minute,” used in the formation of
compound words (nanoplankton); in the names of units of measure it has the specific sense “one
billionth” (10-9): nanomole; nanosecond.
Nano, as the definition above indicates, refers to the size of something. Nano is not a thing or creature
by itself, and just because something happens to be nano-sized, does not make it necessarily bad or
good, dangerous or safe. Nano is just a way to describe the size of a measurable portion of a material
that can be detected with the right laboratory tools. Any material can be made into a nano-size with a
little work. What size it becomes exactly, and how long it lasts that way, depends on the molecules used,
and the surroundings it is placed in. Sometimes things are nano-sized only for a short time, others for
centuries. Nano is, in fact, natural, that is, nano-sized objects can be found in the environment
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everywhere in the world. Microbes, plants and trees produce nano-sized byproducts when they grow.
The human cell is a bag containing thousands of nano-sized organelles that do specific things to keep the
cell, and the organism it belongs to, alive. Nano has been part of the human world right from the
beginning of our existence.
Nano materials vary by size, shape, charge, hardness, elemental composition. Size generally determines
the bioavailability of the material (i.e. the ability for the material to participate in the body’s metabolic
processes). Most materials come in a range of sizes and each grouping of size can be active in different
parts of the body. As a rule of thumb, object bigger than about 100 nm are mainly processed in the
digestive system, objects between 30-100nm can penetrate the mucous membranes of the mouth, and
materials smaller than 30 nm are capable of uncontrolled passive diffusion through the cracks between
cells in your tissues and in some cases, depending on the material through the blood brain barrier.
Depending on the intended function of the nanomaterial, materials in all these size groups might be
desirable.
Size is not everything. Other features of nanomaterials can influence the bioavailability of a material as
well. Nano materials, even of the same material can be spherical, oval, triangular, rod-shaped, hard,
flexible, fuzzy and smooth. Each of these shapes influence how cells will interact with these materials
and where they will go in the body. The electrical charge of the particles further determines whether a
suspension of Nano will clump together (less charge=more clumping and aggregation, even in the
bottle), and what kind of things will be attracted to it, like toxins (opposing charges attract) or proteins
and fats. Hard materials, like metal oxides found in advanced TRS in which all the atoms are strongly
bonded to each other, usually pass through the body without metabolizing (i.e. breaking down), while
softer materials with weaker bonds made from carbon, hydrogen oxygen and nitrogen tend to be
degraded by enzymes during metabolism.
Nano-clinoptilolite
Nano-zeolite found in Advanced TRS is the same safe clinoptilolite material used in micronized zeolite
formulas-only smaller to increase active area and accessibility of the toxin-absorbing pores inside the
material. On a weight per weight basis, Advanced TRS nano-zeolite has 1000’s of times more active
area for the capture of toxins, and relatively little wasted space. In larger particles, the toxins have to
move quite a distance from the outside of the particle to the inside, and depending on the amount, and
types of toxins to remove, this can cause bottlenecks to occur in the particles, leaving large parts of the
material unused. Nano-clinoptilolite can be made one of two ways, either from the bottom-up,
stopping the laboratory crystallization process when the particles reach the right size, or from topdown by breaking down larger particles into smaller ones (10).
(1) Thomassen LC, Napierska D, Dinsdale D, Lievens N, Jammaer J, Lison D, Kirschhock CE, Hoet PH, Martens JA.
Investigation of the cytotoxicity of nanozeolites A and Y. Nanotoxicology. (2012) 6:472-85; Choi SJ, Oh JM, Choy JH.
Safety aspect of inorganic layered nanoparticles: size-dependency in vitro and in vivo. J Nanosci Nanotechnol. (2008)
8(10):5297-301; Watanabe R, Yokoi T, Tatsumi T. Synthesis and application of colloidal nanocrystals of the MFI-type
zeolites. J Colloid Interface Sci. (2011) 356(2):434-41; Ng EP, Chateigner D, Bein T, Valtchev V, Mintova S. Capturing
ultrasmall EMT zeolite from template-free systems. Science. (2012) 6;335(6064):70-3; Hould ND, Kumar S, Tsapatsis M,
Nikolakis V, Lobo RF. Structure and colloidal stability of nanosized zeolite beta precursors. Langmuir. (2010)
26(2):1260-70; Vuong GT, Do TO. A new route for the synthesis of uniform nanozeolites with hydrophobic external
surface in organic solvent medium. J Am Chem Soc. (2007), 129(13):3810-1; Schmidt I, Madsen C, Jacobsen CJ.
Confined space synthesis. A novel route to nanosized zeolites. Inorg Chem. (2000) 29; 39(11):2279-83.
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Nano-safety
There is much misinformation about the nature of nano and its safety for human health. The official
definition of a nanoparticle is a particle with diameters less than 100 nanometer in size (less than 100
billionths of a meter). This definition was picked because it was observed that some pure metallic
materials below this size started changing their physical properties from being electrically conduction to
electrical insulating and began to show unusual chemical reactivity at their surfaces. But the exact size
where these changes took place depend on the metal involved, its purity, the presence of oxide, or
other counter atoms that stabilize the metal, and keep it from floating away in the fluid. This rather
arbitrary definition has led to a lot of unneeded fear of objects with sizes in this range. Because of the
confusion, the EU, out of an abundance of caution has limited the size of nanoparticles in ingestibles and
topical products to be larger than 100 nm. Even at a relatively large size of 100 nanometers, a particle is
still 1000 times smaller than the size of single human cell.
How do scientists know which nano are safe? Scientists do in vitro cell culture testing to show that the
ingredient used alone or in combination with other things has no adverse effect on the growth of cells.
For some products, animal studies are performed. Coseva’s scientific team is currently actively pursuing
these advanced studies for Advanced TRS to support all of it historical data already accumulated
regarding product safety.
The size of the active cages in Advanced TRS is less than one nanometer, but a single 100 nm particle
contains over 4 million cages with up to ½ million just at the surface alone. This makes the nanoparticles
in Advanced TRS very effective at capturing their toxin targets. Most importantly these active cages are
structurally and chemically stable, as each cage is arranged in such a way that it reinforces its
neighboring cages and prevents any changes in electrical or chemical reactivity like some of the other
pure-element nanoparticles. In other words, nano-clinoptilolite is a smaller version of micronized
clinoptilolite, with stable chemical and physical characteristics with its main advantage coming from its
tremendously higher pore accessibility and ability to penetrate more uniformly wherever toxins are
found. Clinical studies reported to date do not dispute that nano-clinoptilolite is a safe and effective
product.
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