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Clinoptilolite as an Anticaking Agent

Dear Dr. Edwards

We respectfully resubmit the attached Notice in support of the determination that
clinoptilolite, a natural crystalline aluminosilicate mineral, is Generally Recognized as Safe
(GRAS) when used as an anticaking agent in animal feed for major food animals (cattle,
swine, chicken, turkeys), other minor species (ruminants: goats and sheep, other poultry
species) and pet animals (cats, dogs) at levels up to 1%.

G-Science has determined that clinoptilolite produced by Zeocem a.s. is GRAS based on
scientific procedures in accordance with 21 CFR 570.30(a) and (b). The enclosed GRAS
Notice provides a review of the information related to the intended uses, manufacturing,
and safety of the ingredient. The GRAS notice was compiled in accordance with the rules
and regulations set out in the Federal Register, Vol. 81, No. 159, Part 570, Subpart E. The
analytical data, published studies, and information that are the basis for this GRAS
determination are included with this Notice. The GRAS Notice consists of seven parts as
required by 21 CFR 570.225 through 570.255. We have included one hard copy of the GRAS
Notice and its Attachments.

Certain data and information included in some sections of this notice are exempt from
disclosure under the Freedom of Information Act, 5 U.S.C 552 due to being considered a
trade secret and/or commercial information that is confidential. Those sections and
information/data contained therein which meet these criteria are identified using a “grey”
background. They are described in Section 1, part (c}(8). If you disagree with our
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2. DETAILED INFORMATION ABOUT THE NOTIFIED SUBSTANCE

2.1 Identity

Clinoptilolite is a natural zeolite that occurs in sedimentary and volcanic rocks, altered basalts, ores
and clay deposits. Zeolites are hydrated aluminosilicates that possess a three-dimensional framework
structure. They are characterized by their ability to lose and gain water reversibly, adsorb molecules
of appropriate cross-sectional diameter (adsorption or acting as molecular sieves) and exchange their
extra-framework cations without major change of their structure (ion exchange property) (Ames,
1960; Sheppard, 1971; Mumpton and Fishman, 1977).

Each zeolite species has its own unique crystal structure, thus its own set of physical and chemical
properties. Clinoptilolite is one of the most commonly mined zeolites worldwide (USGS, 2015). it
belongs to the heulandite group of tectosilicate minerals and includes three species: clinoptilolite Ca,
clinoptilolite Na and clinoptilolite K; with the respective chemical symbol indicating the most
dominant extra-framework cation in the chemical formula (Coombs et al., 1997). Factors affecting
clinoptilolite cation selectivity include cation size, charge, electronic structure and, in the presence of
Na, temperature. Clinoptilolite has a thermal stability of up to 700°C {without reaction at lower
temperatures) and a Si:Al ratio of 4. The small amount of Al in clinoptilolite results in a relatively low
cation exchange capacity {CEC) (~2.3 meq/g), however, clinoptilolite has a decided preference for
larger cations, including NHs* (Ames, 1960; Mumpton, 1960), with adsorption capacity increasing
with pH (Kithome et al., 1999). The affinity of clinoptilolite for NH," is the basis for its widespread use
in the treatment of animal wastes and municipal/industrial wastewater (Jorgensen et al., 1976;
Mumpton, 1985, 1999; Inglezakis, 2005; Jha and Hayashi, 2009). Because of its adsorption, cation
exchange, catalysis and dehydration properties, clinoptilolite is used in a variety of applications in the
fields of agricultural/animal production, construction, industrial technology, environment and human
medicine (Mumpton, 1985; Auerbach et al., 2003; Rehdkova et al., 2004; Colella, 2011).

2.2 Characterization of Zeocem Clinoptilolite

The clinoptilolite which is the subject of this GRAS notice is a natural crystalline aluminosilicate
mineral of sedimentary origin that is exclusively sourced at Zeocem’s Nizny Hrabovec mine in the
Presov Region of the Slovak Republic.

Natural clinoptilolites are characterized primarily by the content of clinoptilolite and secondly by the
presence of clays. A commonly accepted mineralogical analysis for clinoptilolite is X-ray diffraction
(XRD) (CRL, 2010). Based on this analysis, the Zeacem clinoptilolite has a minimum clinoptilolite
content of 80%, a maximum content of 20% accessory minerals and is free of quartz and fibers of
other zeolite minerals. Particle size ranges from 0.01 to 2.5 mm (D90!). The clinoptilolite is primarily
of the species Ca and K, with low content of Fe, Mg and Na ions (Rehdkova et al., 2004; Domaraka et
al., 2015).

The general physical and chemical properties of Zeocem clinoptilolite are summarized Table 2.1. An
overview of the composition and the specification is given in Table 2.2. Additional detailed
information about its specific qualitative parameters is given in Appendices 2.1, 2.2, 2.6a - 2.10.
Detailed information on granulometric data for the Zeocem clinoptilolite described in this
notification is described by Rehdkova et al. {2004). information on particle size is also given in Section
3.3.1.

! The D{x) is the diameter of the particle that x% of a sample's mass is smaller than and {100-x)% of a sample's
mass is larger than this value.
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Table 2.2 Specification of Zeocem clinoptilolite
Parameter Content
Clinoptilolite of sedimentary origin Not less than 80 %
Clay minerals Not more than 20 %
Particle size 0.01 - 2.5 mm (D90)
Loss on drying <6%
Si0:z 62 - 73%
Al>O3 11-14%
Si:Al 48-54
Ca0 2-5.5%
Na:0 0.2-1.5%
Fez03 0.7-2.3%
K:0 22-3.4%
MgO 0.5-1.2%
Pb Not more than 20 mg/kg
Cd Not more than 0.1 mg/kg
As Not more than 2 mg/kg
Hg Not more than 0.05 mg/kg
Dioxins (such as PCDD/F) Not more than 0.3 ng WHO - TEQ/kg
loxins {such a5 ';g;?/ F) + Dioxin- Not more than 0.5 ng WHO - TEQ/kg

2.3 Technical Effect

2.3.1 Intended use - anticaking agent

Clinoptilolite is member of the group of zeolites which are crystalline, hydrated aluminosilicates
{Sections 2.1 and 2.2). It is an inert material which does not dissolve in water, but may adsorb water
(Kotova et al., 2016). Due to its high adsorption rate, cation exchange, catalysis and dehydration
capacities, clinoptilolite acts as an anticaking agent that when added to feed keeps it dry and free-
flowing. Under normal environmental conditions, clinoptilolite has a stable crystal structure, with
mineral-specific ion exchange and adsorption properties and reversible hydration capacity.

2.3.2 Utility/technical effect as anticaking agent

The Code of Federal Regulation includes in section 582 currently three aluminosilicate compounds
that are GRAS when used as anticaking agents in animal feed at a use tolerance level of 2% in
accordance with good manufacturing or feeding practice. These are Aluminum calcium silicate (21
CFR 582.2122), Sodium aluminosilicate (21 CFR 582.2727), and Hydrated sodium calcium
aluminosilicate (21 CFR 582.2729). The same substances are also listed by CFR as being GRAS when
used in human food, 21 CFR 182.2122, 182.2727 and 182.2729. There are other silicates such as
pyrophyllite or verxite permitted as food additives for use in animal feed as anticaking agents.

The use of GRAS aluminosilicates as anticaking agents in food was reviewed by Peleg and Hollenbach
{1984) who also provide some general background on the properties of substances that act as flow
conditioners/anticaking agents. Anticaking agents (also known as glidants, anti-agglomerants,
lubricants or free-flowing agents) are finely divided solids that are added to a host powder to
improve flow and/or reduce its tendency to cake {Hollenbach et al., 1982). They are usually inert
materials which do not dissolve in water, but many can adsorb water in large amounts.

The anticaking activity of conditioners is achieved in several ways. One is coating of host powder
particles which reduces their clumping, the lubricant separates physically the host particles and
reduces friction caused by cohesion. A second important mechanism is competition for adsorbed
water where the host powder stays dry and flowable due to the water adsorption capacity of the
anticaking agent {Irani et al., 1961). Several other mechanisms may work, for example, as one where
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the anticaking agent neutralizes electrostatic charges or reduces superficial molecular attractive
forces. This mechanism is also important for reducing caking at surfaces of processing equipment. [t
should be noted that in a given system of a host powder and an anticaking agent these mechanisms
may be present jointly and support each other synergistically. This aspect was also emphasized by
Adhikari et al. (2001) when discussing stickiness of food, and more recently by Zafar et al. (2017) in
their review on bulk powder caking.

For the described physical separation, a particle size between 1 and 50 pm may be desirable (Irani et
al., 1959), for fine host powder even very fine conditioner with particle sizes below 0.1 pm may be
needed (York, 1975). In case of competition for adsorbed water or other mechanisms particles of
larger size will work as well.

Aluminosilicates continue to be suitable anticaking agents for powdered food items such as cake and
dessert mixes, egg powder, dairy products, sauce, onion and garlic powders, soup powder, sucrose,
corn starch, lactose, modified corn starch (MCS), sucrose and MCS matrix (Peleg and Hollenbach,
1994; Adhikari et al., 2001; Zafar et al., 2017). Many of these powders are also used as feed
ingredients or represent matrices that are found in feed ingredients.

The suitability of aluminosilicates used as anticaking agents in food applies therefore to their use in
animal feed for the same purpose, that is to be added to finely powdered or crystalline feed
ingredients to prevent caking, lumping, or agglomeration.

Zeocem clinoptilolite is a hydrated aluminosilicate with a mineral composition levels of SiO.and Al,Os
that are similar to levels found in the GRAS aluminosilicates, specifically hydrated sodium calcium
aluminosilicate (21 CFR 582.2729).

Clinoptilolite is, like the listed three GRAS aluminosilicates, an inert material which does not dissolve
in water, but may adsorb water (Kotova et al., 2016). Clinoptilolite from sedimentary origin is
available over a broad range of particle diameters (Rehakova et al., 2004) and will support any of the
described mechanisms of anti-caking. As a fine powder with diameter in the single digit micron range
or even lower it will cover host powder particles, more granular forms with diameters larger than 50
um will still adsorb water and reduce caking of feeds by keeping them dry.

It can therefore be expected that the Zeocem clinoptilolite when used as an anticaking agent in feed
would act similarly to the GRAS anticaking agents currently permitted. Zeocem clinoptilolite meets
the EU regulations as an anticaking agent to be added to animal feed for all animal species at a level
of 1% (EU, 2013; EC 2018).

The efficacy of an additive as an anticaking agent can be demonstrated by measuring the flowability
of feed materials or compound feed, without and with the additive (lenike, 1964). The European
Community (EC) Expert Group for Technical Advice on Organic Production reported that the addition
of 2% clinoptilolite to feed compounds improves flow properties (EC, 2011).

2.3.3 Potential interference of clinoptilolite with a medicated feed assay

Clinoptilolites are known to absorb not only water (which is part of the anticaking agent property)
but also other components such as heavy metals and ammonia (Minceva et al., 2008; Margeta et al.,
2013; Taparcevska et al., 2010). it is known from other clays, e.g. bentonite, that they may interfere
with medication (EFSA, 2012b). Bentonite is used or intended for use animal feed as an anti-caking
agent and pelleting aid in an amount not to exceed 2% in the total ration (AAFCO, 2016). It is
considered GRAS (21 CFR 582.1155) and can be used in food with no limitation other than current
good manufacturing practice. Bentonite is nat prohibited in medicated animal feed for the same
purposes and at the same levels when it can be demonstrated that it does not interfere with the
bioavailability of the medicament to animals and the analysis of the feed for the medicament by
acceptable methods. Medicaments with which bentonite can and cannot be currently used are listed
in Section 73.1 of AAFCO (2016).

There are no studies that address potential interference of feeding clinoptilolite (as an anticaking
agent or otherwise) with the periodic assay of medicated feed. It is useful to note that even in the
EFSA (2013) scientific opinion report on the safety and efficacy of clinoptilolite of sedimentary origin
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TARGET ANIMAL AND HUMAN EXPOSURE
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3. TARGET ANIMAL AND HUMAN EXPOSURE

3.1 Target Animals
3.1.1 Intended levels of use

Zeocem clinoptilolite is intended to be added to a complete feed mixture or to feed premixes of the
diets of livestock (ruminants and swine), poultry and pets (dogs and cats) at a level not exceeding 1%
(10,000 mg/kg feed) by weight of the feed composition in accordance with good manufacturing or
feeding practice.

3.1.2 Mineral substances and impurities

Clinoptilolite is found in sedimentary and volcanic rocks that formed under diverse geological
occurrence. Therefore, it also contains minor amounts of other minerals and impurities. These
substances are therefore also consumed by the animal when clinoptilolite is added to the diet. An
overview of the qualitative parameters of Zeocem clinoptilolite (oxide minerals, heavy metals,
dioxins, radioactive and microbial contamination, etc) is given in Appendices 2.1, 2.2 and 2.10.
Examples of detailed analyses carried out are given for the content of dioxins (Appendix 3.1a),
radionuclides (Appendix 3.3) and constituents of animal origin (Appendix 3.4).

3.1.3 Oxides, arsenic and heavy metals

The specifications of Zeocem clinoptilolite and percentage range in values of its compositional
content were given in Table 2.2. The daily amounts of clinoptilolite and additional oxide mineral
substances and heavy metals that would be consumed by target animals when the anticaking agent
is added to the diet at the maximum recommended level of 1% are given in Table 3.2. These amounts
are then compared to the respective maximum tolerable levels of these substances as recommended
by NRC (2005) and AAFCO (2016) (Table 3.3). The data demonstrate that the amounts of mineral
substances and heavy metals that target animals would ingest when consuming diets containing 1%
clinoptilolite are well below (e.g. >100 times less for Pb and Hg) the recommended tolerable levels.
The element with the highest level in the diet is aluminum, but the amount consumed would be
nearly 25% less than the maximum level of 1000 mg/kg proposed by (NRC, 2005). With respect to
aluminum it should be noted that the NRC guidance level is derived from studies with soluble
aluminum salts where aluminum is bioavailable; as discussed in Part 6.4.1 aluminum present in
clinoptilolite is de facto not bioavailable (aluminum is present in clinoptilolite as an insoluble oxide
and not as a soluble salt).

3.1.4 Dioxins and dioxin-like PCBs

US regulatory levels for dioxins and dioxin-like polychlorinated biphenyls (PCBs) in food or feed have
not been officially established (Institute of Medicine, 2003). However, provisional levels of PCBs of
0.2 ppm are permitted by the FDA in finished animal feed for food-producing animals, except feed
concentrates, feed supplements and feed premixes; and 2 ppm in animal feed components of animal
origin, including fishmeal and other by-products of marine origin and in finished animal feed
concentrates, supplements, and premixes intended for food-producing animals (21 CFR 509.30).

In the EU tolerances of 0.75 ng WHO-TEQ/kg (ppt) for dioxins and 1.5 ng WHO-TEQ/kg (ppt) for the
sum of dioxin and dioxin-like PCBs are enforced for complete feed and clinoptilolite (EC, 2013).

Zeocem clinoptilolite contains dioxins and dioxin-like PCBs at levels typically below 0.3 ppt, the
average content is 0.15 ppt (Appendices 3.1 and 3.2). At the proposed use level, the contribution to
complete feed is 0.003 ppt. This is at least one order of magnitude lower than the lower side of the
range of reported levels of contamination in feed ingredients summarized by the Institute of
Medicine (US) Committee on the Implications of Dioxin in the Food Supply (Institute of Medicine,
2003).

The intake of dioxins and dioxin-like PCBs by target animals consuming feed containing Zeocem
clinoptilolite is very low as demonstrated by the daily intake estimates for target animals given in
Table 3.3.
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3.1.5 Radionuclide activity

Zeocem clinoptilolite is regularly monitored for presence of *3’Cs (0.6 - 2.3 Bg/kg) and **Cs (not
detected). Batch data on “°K (1179.20 Bq/kg), 2*°Ra (45.6 Bg/kg), and #?Th (56.4 Bq/kg) is given in
Appendix 3.3.

The levels for caesium are well below the FDA guidance levels for food (CPG 7119.14). The levels for
the three natural radionuclides will, at the use level of 1% clinoptilolite, contribute little to total
intake as these radionuclides are known to be present in other feed ingredients (Wiechen 1998;
ATDSR, 1990a,b). Intake estimates of radionuclides by target animals are given in Table 3.4.

3.1.6 Comparison of contaminants in Zeocem clinoptilolite vs other clinoptilolites

The clinoptilolite subject to the present GRAS notice may differ not only in the major mineral
constituents, but also the contaminants (heavy metals, dioxins and PCBs) from other clinoptilolites
used in the studies reviewed in Part 6 of the original Notice. Such comparison is not easy as the
inclusion of such detailed analytical data for clinoptilolites used in feeding trials published in peer-
reviewed journals is not routine. Often only the purity of the clinoptilolite and percentage that is fed
is given, and in some cases, the percentages of SiO,, Al,O3 and other oxides may be provided.
Therefore, because of the lack of such information, it is not possible to directly compare the
contaminants in all clinoptilolites used in the studies reviewed to Zeocem clinoptilolite. The following
considerations are based, in the absence of US tolerances, on the maximum limits of the EU which
reflect inter alia international evaluations by JECFA.

Maximum limits for heavy metals, arsenic, dioxins and dioxin-like PCBs were applied historically in
Europe (many as early as 1974, most of them before 2003) and apply today for complete feed,
complimentary feed (mineral feed), and for clinoptilolite (EC, 1999, 2002; EU, 2013}. These levels are
regularly reviewed and continue to reflect state-of-the-art toxicology and good manufacturing
practice, including reported and observed ranges of contamination. A comparison of the EU
allowable limits of contaminants with levels recommended by NRC (2005} is given in Table 3.1.

The Notifier would expect that levels of contaminants in the complete feeds used in the studies
reviewed in Section 6.2 of this Notice are meeting the legal requirements laid down in European
Union Feed law. This applies specifically to the studies run in Europe reported by Katsoulos et al
(20054, 2005b, 2005c¢), Karatzia et al (2011), Pourliotis et al (2012), Papaioannou et al (2002), Sardi et
al (2002) and Herzig et al (2008). The purpose for carrying out such studies is to develop data so that
a product can be put into the marketplace. Therefore, it stands to reason that the product complies
with established regulations so that it can be marketed and sold. Reviewed clinoptilolite studies
conducted outside of the EU (including the USA) under a different feed law jurisdiction would,
nevertheless, also support the conclusions on the safety of Zeocem clinoptilolite. If the results
obtained from such studies do not indicate any safety issues when the respective clinoptilolites were
fed at a use level of 1% or higher, then it can be assumed with relative confidence that the study
material was not contaminated at levels which would result in toxicity.

Table 3.1 Tolerance levels for selected feed contaminants in the EU and USA
Lead Cadmium Mercury Arsenic Dioxins Dio:(i:ré-iike

EU?® mg/kg ng WHO - TEQ/kg
Complete feed 5 1 0.1 2 0.75 1.5
Complementary feed 10 0.5 0.2 4 0.75 1.5
Mineral feed 15 5 0.2 12 NA NA
Clinoptilolite 30 2 [0.1] [2] 0.75 15

USA® 10 - 100 10 0.2 30 NA NA
2EC (1999, 2002).
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®NRC (2005).
[ ] Leveis not legally mandatory, but respected and applied by the feed chain.
NA - Not available.

In Part 6.2 of this Notice data from target animal studies where clinoptilolite from other mines had
been used is presented. As the purity of the Zeocem clinoptilolite is >80%, emphasis has been given
to reviewing studies in which the purity of clinoptilolite is stated as being at least 80%. in Part 6.3.4
the similarities between the composition of Zeocem clinoptilolite and the composition of the
different clinoptilolites used in six feeding studies is summarized (Table 6.1}. The data presented
clearly demonstrate that the purity and mineral composition of the oxides of the Zeocem
clinoptilolite is very similar to that of the clinoptilolites used in the reported European studies, and
for which no safety concerns were indicated for toxicity due to contaminants. Likewise, the
similarities in the mineral composition of Zeocem clinoptilolite and the composition of the
clinoptilolites used in two safety trials (one conducted in the USA) are shown in Table 6.3.

Therefore, the Notifier believes that the clinoptilolites used in European studies are similar to the
Zeocem clinoptilolite with respect to their likely contamination with heavy metals, arsenic and
dioxins/dioxin-like PCBs, as they all were products used under applicable EU feed law which
stipulates levels for these contaminants (EFSA, 2012a; EU, 2013). The safety data from animal
feeding studies reviewed in Part 6.2 demonstrates that clinoptilolite can be added to the diets of
ruminants, swine and poultry under normal production conditions at levels ranging from 1 to 7.5%
without eliciting detrimental effects on animal health or overall performance. The Notifier is not
aware of any animal feeding studies with clinoptilolite where toxicity was reported due to presence
of contaminants, and therefore considers that the studies cited in Part 6.2 are sufficiently similar
with respect to their spectrum and level of contaminants to Zeocem clinoptilolite.

3.2 Human Exposure

As is described in detail in Part 6 (Section 6.4.1), there is no evidence that clinoptilolite is degraded
during its passage through the gastrointestinal tract of target animals. The physiological and chemical
conditions in the animal’s digestive system (pH, digestive enzymes, etc) are not enough to
decompose clinoptilolite; the substance is essentially not absorbed and is excreted with the faeces.
No scientific reports were found demonstrating that any impurities (minerals or heavy metals)
contained in clinoptilolite complying with the specifications as laid down in Part 2 of this Notice were
deposited in tissues of animals to which the substance was fed in amounts above maximum
permitted levels. Even clinoptilolite with a high level of lead (46 mg/kg), when added at a level of 2%
to pigs feed for 45 days, resulted in a low retention coefficient of lead from clinoptilolite of 0.009
(Fokas et al, 2004).

Therefore, based on the information available at the time of this submission, it can be stated that
human exposure to residues of clinoptilolite in animal tissues is unlikely to pose a potential risk or
safety issue (Section 6.5).

BEST COPY AVAILABLE



Clinoptilolite GRAS Notice Page 5 (7)
G-Science, Inc. Part 3 17 Oct. 2018
Table 3.2 Target animal exposure to clinoptilolite (upper limits)
Animal category ? Daily feed intake ® | Daily clinoptilolite Daily intake of minerals, arsenic and heavy metals contained in clinoptilolite ¢
(kg) Intake © Silicon | Aluminum | Iron | Calcium | Lead | Arsenic | Cadmium | Mercury
te) (®) (®) @ | (&) |(mg)| (mg) (ug) (ug)
Ruminants | Calves (<15 months, 300 kg) 7.10 71.00 24.23 5.26 1.14 2.79 1.42 0.142 7.100 3.550
Dairy cows (22 years, 680 kg) 26.90 269.00 91.79 19.93 4.33 10.57 5.38 0.538 26.900 13.450
Sheep (28 months,140 kg) 1.98 19.80 6.76 1.47 0.32 0.78 0.40 0.040 1.980 0.990
Goats (28 months, 90 kg) 154 15.40 5.25 1.14 0.25 0.61 0.31 0.031 1.540 0.770
Swine Piglets (3.5 - 5 kg) 0.25 2.50 0.85 0.19 0.04 0.10 0.05 0.005 0.250 0.125
Piglets (5.0 - 10 kg) 0.50 5.00 1.71 0.37 0.08 0.20 0.10 0.010 0.500 0.250
Piglets (10 - 20 kg) 1.00 1.61 0.55 0.12 0.03 0.06 0.03 0.003 0.161 0.080
Pigs {20 - 50 kg) 1.86 18.55 6.33 1.37 0.30 0.73 0.37 0.037 1.855 0.928
Pigs (50 - 80 kg) 2.58 25.75 8.79 1.91 0.41 1.01 0.52 0.052 2.575 1.288
Pigs (80 - 120 kg) 3.08 30.75 10.49 2.28 0.49 1.21 0.62 0.062 3.075 1.538
Sows (lactating) (175 kg) 5.25 52.50 17.91 3.89 0.84 2.06 1.05 0.105 5.250 2.625
Poultry Layers (commercial/breeder) 0.10 1.00 0.34 0.07 0.02 0.04 0.02 0.002 0.100 0.050
Broilers (starter, 0-3 weeks) 0.07 0.66 0.23 0.05 0.01 0.03 7 0.01 0.001 0.066 0.033
Broilers {grower, 4-6 weeks) 0.15 1.53 0.52 0.11 0.02 0.06 0.03 0.003 0.153 0.077
Broilers (finisher, 7-9 weeks) 0.20 2.02 0.69 0.15 0.03 0.08 0.04 0.004 0.202 0.101
Turkeys (starter, 0-8 wk) 0.21 2.10 0.72 0.16 0.03 0.08 0.04 0.004 0.210 0.105
Turkeys (grower, 8-16 wk) 0.49 4.90 1.67 0.36 0.08 0.19 0.10 0.010 0.490 0.245
Turkeys (finisher, 16-24 wk) 0.75 7.50 2.56 0.56 0.12 0.29 0.15 0.015 0.750 0.375
Pets Dogs {(adult 15 kg) 0.21 2.10 0.72 0.16 0.03 0.08 0.04 0.004 0.210 0.105
Cats (adult 3 kg) 0.04 0.42 0.14 0.03 0.01 0.02 0.01 0.001 0.042 0.021
ab Animal categories (age, weight and/or production) and respective daily feed intake are based on NRC {1994, 1998, 2000, 2001, 2006, 2007) and FEDIAF (2013).
¢ Use level of 1% of diet by weight.
d Calculated based on data in Table 2.2 and Appendices 2.1, 2.2 and 2.6a - 2.10.
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Table 3.3 Levels of minerals and heavy metals in diets supplemented with Zeocem clinoptilolite compared to recommended tolerable levels?

Silica. Insoluble forms of silica can be tolerated by livestock at levels as high as 50,000 mg/kg diet (NRC, 2005). Silica dioxide is considered to be GRAS (21 CFR 573.940) and (21
CFR 582.80). Assuming a maximum level of 73% SiO;, adding clinoptilolite to diets at a level of 1% would result in silica being present at a level of 3412 mg/kg diet, or nearly 15
times less than the maximum tolerable level.

Aluminum. It is estimated that more soluble forms of aluminum can be tolerated at levels of 1000 mg/kg diet (NRC, 2005; AAFCO, 2016). Assuming a maximum level of 14%
Al203, adding clinoptilolite to diets at a level of 1% would result in aluminum being present at a level of 741 mg/kg diet which is below the maximum tolerable level.

Iron. The proposed maximum safe level of iron is 500 mg/kg for ruminants and poultry, and 3000 mg/kg for swine {(NRC, 2005}. EFSA FEEDAP Panel recommended a maximum
safe content of iron in complete feed as being 450 mg/kg for cattle, 500 mg/kg for ovines, 600 mg/kg for cats, dogs and poultry, and 3000 mg/kg for pigs (EFSA, 2016). Iron
oxide is listed to be GRAS when added to food (21 CFR 186.1374) and feed (21 CFR 582.80) as a nutritional dietary supplement at levels consistent with good feeding practice.
Assuming a maximum level of 2.3% Fe;0s, adding clinoptilolite to diets at a level of 1% would result in iron being present at a level of 161 mg/kg diet. This amount is well
within the recommended ranges given by NRC (2005) and EFSA (2016).

Calcium. NRC (2005) recommends upper tolerable levels of calcium for ruminants and pouitry as being 1.5% of daily diet, for swine 1.0% of daily diet, 2% of daily intake for
dogs and 1% for cats. As an example, for an adult dairy cow this would be equivalent to about 404 g/d of Ca or 15000 mg/kg of diet. Calcium oxide is listed to be GRAS when
added to food (21 CRF 184.1210) and feed (21 CFR 582.1210) as a nutritional dietary supplement at levels consistent with good feeding practice. Assuming a maximum level of
5.5% Ca0, adding clinoptilolite to diets at a level of 1% would result in calcium being present at a level of 393 mg/kg diet, or about 38 times less than the maximum tolerable
level.

Lead. Studies have demonstrated that cattle, sheep and poultry can tolerate 10 mg/kg diet for extended periods without exhibiting adverse effects, however, actual maximum
tolerable levels have not been established for livestock species (NRC, 1980, 2005). It is recommended that of levels of lead in animal diets be limited to 30 mg/kg diet (NRC,
1980; AAFCO, 2016). Assuming a maximum level of 20 mg/kg Pb, adding clinoptilolite to diets at a level of 1% would result in lead being present at a level of 0.2 mg/kg diet, or
about 150 times less than the maximum recommended level of 30 mg/kg diet.

Cadmium. Dietary levels of cadmium (10 mg/kg) are tolerated chronically by poultry and ruminant species, but these levels result in unacceptable levels of cadmium in tissue
and muscle. The World Health Organization has set a 1 mg/kg upper limit for cadmium in complete feeds for animals (NRC, 2005). AAFCO (2016) proposes 0.5 mg/kg diet. If
present at the maximum specified level of 0.1 mg/kg Cd, adding clinoptilclite to diets at a level of 1% would result in incremental cadmium being added to feed at a level of
0.001 mg/kg diet, or 500 times less than the accepted upper limits.

Arsenic. The suggested maximum tolerable levels of arsenic for domestic livestock proposed by NRC (2005) and AAFCO (2016} are 30 mg/kg and 50 mg/kg diet, respectively.
Assuming a maximum level of 2 mg/kg As, adding clinoptilolite to diets at a level of 1% would result in incremental arsenic being added to feed at a Ilevel of 0.02 mg/kg diet, or
1500 times less than the accepted upper limits.

Mercury. NRC (2005) and AAFCO (2016) recommend a maximum mercury level of 2 mg/kg diet for ruminants, poultry and pigs. Assuming a maximum level of 0.05 mg/kg Hg,
adding clinoptilolite to diets at a level of 1% would result in incremental mercury being added to feed at a level of 0.005 mg/kg diet, or 400 times less than the accepted upper
limits.

2 Amounts of minerals and heavy metals (mg/kg feed) were calculated using the upper ranges of the specification data for clinoptilolite given in Table 2.2 and feed intake data
based on NRC (1994, 1998, 2000, 2001, 2006, 2007} and FEDIAF (2013). The levels of minerals and heavy metals presented in Tables 3.2 only refiect those amounts that would
be contained in the diet due to the addition of 1% clinoptilolite and do not include any potential impurities present in feed prior to adding the anticaking agent.
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Table 3.4 ' Target animal exposure to clinoptilolite (upper limits)
Amounts of dioxins and radionuclides contained in respective amounts of clinoptilolite
. d
) s D.ain feid clin(?;tlillt)lite Sum of dioxin and . consumed per ot . .
Animal category m:zlg(;e int(al;e . dioxin-like PCBs Potassium (40) Radon ;22/('5() ThorlumB(Z/E}kZ) CaesuumB(ljk7)
& ng/d ng/kg feed Bg/d Bg/kg feed | Bg/d fgedg Bg/d fgedg Bq/d fgedg
Ruminants | Calves (€15 months, 300 kg) 7.10 71.00 0.01065 0.002 84 12 3 0 4 1 0.043 0.01
Dairy cows (22 years, 680 kg) 26.90 269.00 0.04035 0.002 317 12 12 0 15 1 0.161 0.01
Sheep (28 months,140 kg) 1.98 19.80 0.00297 0.002 23 12 1 0 1 1 0.012 0.01
Goats (28 months, 90 kg) 1.54 15.40 0.00231 0.002 18 12 1 0 1 1 0.009 0.01
Swine Piglets (3.5 -5 kg) 0.25 2.50 0.00038 0.002 3 12 0 0 0 1 0.002 0.01
Piglets (5.0 - 10 kg ) 0.50 5.00 0.00075 0.002 6 12 0 0 0 1 0.003 0.01
Piglets (10.0 - 20.0 kg) 0.22 2.20 0.00033 0.002 3 12 0 0 0 1 0.001 0.01
Pigs (20 - 50 kg) 1.86 18.55 0.00278 0.002 22 12 1 0 1 1 0.011 0.01
Pigs (50 - 80 kg) 2.58 25.75 0.00386 0.002 30 12 1 0 1 1 0.015 0.01
Pigs (80 - 120 kg) 3.08 30.75 0.00461 0.002 36 12 1 0 2 1 0.018 0.01
Sows (lactating) (175 kg) 5.25 52.50 0.00788 0.002 62 12 2 0 3 1 0.032 0.01
Poultry Layers (commercial/breeder) 0.10 1.00 0.00015 0.002 1 12 0 0 0 1 0.001 0.01
Broilers (starter, 0-3 weeks) 0.07 0.66 0.00010 0.002 1 12 0 0 0 1 0.000 0.01
Broilers (grower, 4-6 weeks) 0.15 1.53 0.00023 0.002 2 12 0 0 0 1 0.001 0.01
Broilers (finisher, 7-9 weeks) 0.20 2.02 0.00030 0.002 2 12 0 0 0 1 0.001 o0.01
Turkeys (starter, 0-8 wk) 0.21 2.10 0.00032 0.002 2 12 0 0 0 1 0.001 0.01
Turkeys (grower, 8-16 wk) 0.49 4.90 0.00074 0.002 6 12 0 0 0 1 0.003 0.01
Turkeys (finisher, 16-24 wk) 0.75 7.50 0.00113 0.002 9 12 0 0 0 1 0.005 0.01
Pets Dogs (adult 15 kg) 0.21 2.10 0.00031 0.002 2 12 0 0 0 1 0.001 0.01
Cats {adult 3.0 kg) 0.04 0.42 0.00006 0.002 0 12 0 0 0 1 0.000 0.01
2b Animal categories (age, weight and/or production) and respective daily feed intake are based on NRC (1994, 1998, 2000, 2001, 2006, 2007) and FEDIAF (2013).
¢ Use level of 1% of diet by weight.
4 For dioxins the average content of 0.15 ppt was used, for the radionuclides: “°K: 1179.2 Bq/kg 22°Ra: 45.6 Bg/kg **Th: 56.4 Bg/kg 13'Cs: 0.6 Bg/kg.
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4,  SELF-LIMITING LEVELS OF USE

As stated in Section 1.4, the levels at which Zeocem clinoptilolite should be added to the diets of
livestock (ruminants, swine), poultry, and pets {dogs and cats) should not exceed the recommended
guidance level of 1% (10,000 mg/kg feed) by weight of the feed composition in accordance with good
manufacturing or feeding practice.

Data reported in studies reviewed in Part 6 (Narrative) demonstrate that clinoptilolite can be added
to the diets of livestock and poultry at levels ranging from 3% to 8% of the diet by weight without
negatively affecting intake. No studies could be found where these species were fed higher levels of
clinoptilolite.

In toxicological studies carried out with mice it was reported that feeding clinoptilolite at levels of
25% to normal mice and 25% and 50% to tumor-bearing animals did not illicit a negative effect on
feed consumption. Clinoptilolite ingestion was well tolerated as judged by comparable body masses
of control and experimental animals (Martin-Kleiner et al., 2001). Similarly, in a study with rats fed
diets containing 25% clinoptilolite no adverse effects on feed intake was reported (Paveli¢ et al.,
2001).

There is no established self-limiting level of use. At what Ievel of the diet clinoptilolite would have to
be added to make it self-limiting (unpalatable or technologically impractical) is not known.
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5. EXPERIENCE BASED ON COMMON USE IN FOOD BEFORE 1958

This section is not applicable because the GRAS status of clinoptilolite is based on scientific
procedures in accordance with the Code of Federal Regulations (CFR) 21 CFR 570.30(a) and (b).as
stated in Part 1, Section 1.5.
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6. NARRATIVE

This narrative provides a basis for the Notifier's canclusion that the notified substance clinoptilolite, a
natural crystalline aluminosilicate mineral of sedimentary origin, mined by Zeocem, is GRAS when used
as an anticaking agent added to complete feed mixtures or feed premixes of diets of livestock
(ruminants, swine), poultry and pets (dogs and cats), regardless of stage of production, at a level not
exceeding 1% (10,000 mg/kg feed) by weight of the feed composition in accordance with good
manufacturing or feeding practice.

The scientific data and information presented in the following sections demonstrate that clinoptilolite
is safe under the conditions of intended use for both the target animals and for humans consuming
human food derived from food-producing animals consuming the substance. The data and information
used to establish this conclusion are referenced within the narrative using an author/date format or
appendix number. Full citations for all references are given in Part 7 of this GRAS notice; those
references that are generally available are listed in Section 1 and those that are not generally available
in Section 2.

We have reviewed the scientific data and information that is available and are not aware of any data
and information that are, or may appear to be, inconsistent with our conclusion that the substance
clinoptilolite merits GRAS status.

There is no information or data contained in this narrative which is considered by the Notifier to be
exempt from the Freedom of Information Act. Likewise, no non-public, safety-related data or
information was used in reaching the conclusion of GRAS status for clinoptilolite.

6.1 Clinoptilolite and chemically-related compounds with GRAS status

As described in Part 2, clinoptilolite is a natural crystalline aluminosilicate substance belonging to the
class of minerals known as silicates. The chemical composition and purity of the clinoptilolite
manufactured by Zeocem as an anticaking agent is well defined (Appendices 2.1 and 2.2).

In this section information provided by FDA and other recognized food/feed regulatory
bodies/organizations concerning the composition and purity of compounds listed as being GRAS when
used as anticaking agents are reviewed; aluminaosilicate compounds are emphasized.

6.1.1 Food and Drug Administration

The 1979 report of the FDA Select Committee of GRAS Substances {SCOGS) reevaluated the safety of
six silicate compounds authorized for use as anticaking agents in food (LSRO, 1979; FDA, 2015). These
compounds had received GRAS status “through experience based on their common use in food”
following the passage of the 1958 Food Additives Amendment to the Federal Food, Drug and Cosmetic
Act (GPO, 1958). Three of these compounds are aluminosilicates: aluminum calcium silicate (21 CFR
182.2122), sodium aluminosilicate (21 CFR 182.2727) and sodium calcium aluminosilicate, hydrated
(21 CFR 182.2729). The SCOGS report gives a description for sodium aluminosilicate as shown below.
No information is provided for the other two aluminosilicate compounds.

Sodium aluminosilicate:

Composition - Si02 (266%, but <71% after drying), Al203 (29%, but <13% after drying), Naz0 (24%, but <7% after
drying). Loss on drying <8%. Loss after ignition 28%, but <11%.

Limits of impurities - arsenic <3 ppm and heavy metals as lead <10 ppm.

The FDA has designated a use tolerance level of 2% in accordance with good manufacturing practice
for all three of these anticaking agents when used in food, but no description of the actual composition
or purity is given (FDA, 2016a).

The FDA considers these same three aluminosilicate compounds to be GRAS when used as anticaking
agents in animal feed at a use tolerance level of 2% in accordance with good manufacturing practice
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(21 CFR 582.2122, 21 CFR 582.2727 and 21 CFR 582.2729, respectively) (FDA, 2016b). However,
definitions of substance composition or purity for these compounds are lacking as shown by the
example of 21 CFR 582.2729 given below (GPO, 2016b).

a) Product. Hydrated sodium calcium aluminosilicate (sodium calcium silicoaluminate).
b) Tolerance. This substance is generally recognized as safe for use at a level not exceeding 2% in accordance
with good manufacturing or feeding practice.

6.1.2 Food Chemicals Codex

The Food Chemicals Codex (FCC) compendium (developed by the National Academy of Sciences and
first published in 1966) includes sodium aluminosilicate (CAS No. 1344-00-9, INS 554) within its listing
of chemical description monographs. It gives a general definition of composition as shown below. No
information is given for aluminum calcium silicate or hydrated sodium calcium aluminosilicate (FCC,
2010).

Sodium aluminosilicate:

Composition - occurs as a fine powder, or as beads. It is a series of hydrated sodium aluminum silicates having
Na20: AlOs: SiO2 molar ratios of approximately 1:1:13, respectively.

Solubility - insoluble in water and in alcohol and other organic solvents, but at 80°C to 100°C, it is partially
soluble in strong acids and solutions of hydroxides.

6.1.3 Association of American Feed Control Officials

The Official Publication of the Association of American Feed Control Officials (AAFCO) contains the
most complete listing of feed ingredients and their definitions commonly used in the animal food
manufacturing industry (AAFCO, 2016). Under FDA’s Center for Veterinary Medicine (CVM)
Compliance Policy Guide CPG 665.100 (Common or Usual Names for Animal Feed Ingredients), the
definitions, as they appear in the Official Publication, are generally regarded as constituting the
common or usual name for animal food ingredients, including pet food (FDA, 1995). AAFCO lists the
same three aluminosilicates used as anticaking agents in feed as the FDA (21 CFR 582.2122, 21 CFR
582.2727 and 21 CFR 582.2729, respectively). Again, no information is given regarding their
composition or purity (AAFCO, 2016).

6.1.4 FAO/WHO

The Food and Agriculture Organization (FAO) and World Health Organization (WHO) joint international
body for food standards - Codex Alimentarius (Food Code) and the Joint FAO/WHO Expert Committee
on Food Additives (JECFA} list sodium aluminosilicate (INS 554} and calcium aluminium silicate (INS
556) as anticaking agents in food (WHO, 1984; FAO, 2005a,b; CODEX, 2016). The criteria for
composition and purity for these two compounds are given as follows:

Sodium aluminosilicate:

Composition - a series of hydrated sodium aluminium silicates. The article of commerce may be specified
further to silicon dioxide, aluminium oxide, and sodium oxide content, loss on drying, loss on ignition and
pH slurry in water.

Limits of impurities - lead (<5 mg/kg).

Solubility - insoluble in water and ethanol, partially soluble in strong acids and alkali hydroxides.

Aluminium calcium silicate:

Composition - SiO2 (244%, but £50%), Al20s (23%, but <5%), CaO (232%, but <38%), Na,O (2 0.5%, but <4%).

Loss on ignition 214%, but <18%. Loss on drying <10%.

Limits of impurities - fluoride <50 mg/kg and lead <5 mg/kg.

Solubility - insoluble in water and ethanol.
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6.1.5 European Food Safety Authority

The EFSA Panel on Additives and Products or Substances used in Animal Feed (FEEDAP) issued a
scientific opinion on the additive clinoptilolite of sedimentary origin that has by specification at least
80% clinoptilolite and a maximum of 20% clay minerals (EFSA, 2013). The main chemical composition
and purity of the clinoptilolite reported in the scientific opinion (based on eight batches) is shown
below.

Clinoptilolite:

Composition - Si02 {67%), Al203 (12%), Ca0 (3%), Naz20 (0.7%) and Fe;03 (1.3%).

impurities - concentration of heavy metals (mg/kg): Cd (<0.04), Pb (<7.4), Hg (<0.005) and As (<1.4). Dioxins in
four batches analyzed did not exceed 0.1 ng WHO-PCDD/F-PCB-TEQ/kg.

Physical data - Laser diffraction analysis of one batch of the additive identified 90% (v/v) of the particles with
a diameter of <186 um, 50% with a diameter <72 um and 31% with a diameter <50 pm. Laser diffraction
analysis of three aother batches identified 50% of the particles falling within the respirable fraction (<8 pm)
and 10% of the particles being <1 um.

EFSA concluded that clinoptilolite is considered to be safe for all animal species when used as a
binder/anticaking agent in organic animal feed, subject to the limit of 10,000 mg/kg (1%) of complete
feeding stuff as specified in EU Regulation 651/2013 (EFSA, 2013; EU, 2013). Clinoptilolite is also listed
under the category technological additive, functional group binder/anticaking agent, code 1g568 in
the European Union Register of Feed Additives (EU, 2018).

6.1.6 Supportive data for clinoptilolite

As can be seen from the information reviewed above, data on the composition of the three
aluminosilicate compounds listed as GRAS when used as anticaking agents is limited. Sodium
aluminosilicate is relatively well described, and some information exists for aluminium calcium silicate,
but not for sodium calcium aluminosilicate. Interestingly, composition data for sodium aluminosilicate
presented in the SCOGS report was not included in the later FDA GRAS listing. To date, a description
of the composition, purity and related parameters for the three aluminosilicate compounds does not
exist (FDA, 2016a,b). A detailed description of the composition and purity of clinoptilolite authorized
as an anticaking agent in the EU is given by EFSA (2013).

A common property of these anticaking agents is that they belong to the mineral class of
aluminosilicates, which contain the same main components: SiO; and Al,0s. Clinoptilolite, as per its
chemical composition meets this criterion of being an aluminosilicate anticaking agent. In this regard,
the safety of adding clinoptilolite to the diets of food-producing animals is addressed in detail in the
next section. '

6.2 Feeding studies in target animals with clinoptilolite

Clinoptilolite has been used in animal nutrition since the mid-1960s (Mumpton and Fishmann, 1977).
The literature contains numerous studies in which ruminant, swine and poultry diets were
supplemented with this mineral substance as an additive {Ramos and Herndndez, 1997; Papaioannou
et al., 2005; Karamanlis et al., 2008, Pourliotis et al., 2012; Karatzia et al., 2013; Subramaniam and Kim,
2015). However, the adding of clinoptilolite to feed as a binder for mycotoxins or any use other than
as an anticaking agent is not considered as being GRAS (IDALS, 1999; FDA, 2016c).

The scientific data and information presented in Sections 6.2.1 through 6.3.4 demonstrate that
clinoptilolite can be safely fed to food-producing animals. Emphasis is given to studies where the
amount of clinoptilolite added to diets was equal to or greater than the proposed GRAS allowable
tolerance of 1%. The main study parameters reviewed are the number and type of animals used, length
of the trial and whether adverse effects on performance or general health were observed. Any
additional parameters that may have been concurrently measured or compared (statistically or
otherwise} as part of a cited study are included only as relevant. As required by 21 CFR 570.250 we
discuss also available studies on related substances or used at much higher concentrations though

BEST COPY AVAILABLE



Clinoptilolite GRAS Natice Page 5 (29)
G-Science, Inc. Part 6 17 Oct. 2018

those are of limited evidence on the safety of the clinoptilolite subject to this notification when used
at 1% in feed.

6.2.1 Ruminants
Cattle

McCollum and Galyean (1983) conducted a 148-day feedlot experiment with clinoptilolite. Forty-eight
cross-bred steers (average body weight 304 kg) were randomly divided into three groups and fed a
70% sorghum diet with clinoptilolite substituted at 0, 1.25 and 2.5% of the diet dry matter. Because
the steers had recently been removed from a grazing trial, they were allowed a 2-week period for
environmental and dietary adaptation. Once the steers were on full feed, the experimental diets were
offered, and the feeding trial commenced. During the experiment, fresh feed was offered once daily
in amounts sufficient to allow free choice consumption. On days 1, 37, 66, 93 and 148, all steers were
weighed, and fecal grab samples were collected from four randomly selected steers/pen. All steer
weights were adjusted using a 4% shrink. The pH of fecal grab samples was determined, and the
samples were frozen until completion of the trial. Steers were slaughtered at a commercial packing
plant after 148 days on feed and yield of lean cuts and USDA quality grades were determined by a
federal grader. No differences (P>0.05), were found at 1.25 % clinoptilolite (as compared to the
controls) in dry matter intake, average daily gain, feed to gain ratio, carcass weight, dressing
percentage, total digestion, rumen digestion and intestinal digestion.

Hutcheson (1984) administered three types of clinoptilolites to steer calves (average weight 229 kg) at
levels of 3% comparing it to a control diet. One of the clinoptilolites (C20) had a purity of 88%, which
is comparable to the notifier's product. The steers were maintained for 56 days in open pens equipped
with individual feed monitoring devices and weighed at days 0, 7, 14, 28, and 56 of the study. Blood
samples taken at these times were analyzed for packed cell volume; whole blood K and serum K, Na,
inorganic P, Ca, Mg, Cu and Zn. At 56 days, average daily gains were similar for the C20 treatment (1.25
kg) and the control (1.32), with feed to gain ratios of 8.38 and 5.95, respectively. The authors claim
that serum sodium was significantly lower after 56 days, and whole blood potassium and serum
phosphorus increased significantly at 7 days for animals on the C20 diet. No differences were detected
for the other blood and serum indexes measured. A closer inspection of the serum values reported by
the authors in Table 5 of their publication questions their conclusion and interpretation: sodium levels
at day 56 of the C20 group are 139.0 meq/L which is equal to the level of the control group at day 0.
For potassium already at day 0 levels for C20 are significantly higher and show a much larger standard
deviation indicating an unequal distribution between animals from both groups. The phosphorus
values for the C20 group at day 7 are lower than the control group at day 28. Over the 56 days of the
study for all studied blood parameters values fluctuate significantly and the claimed statistically
significant changes are not treatment related if the whole data population is considered.

Katsoulos et al. (2005a) investigated whether the long-term supplementation of 1.25% and 2.5%
clinoptilolite in the concentrate feed of dairy cows had any effect on their hematological parameters.
Fifty-two clinically healthy Holstein cows were randomly assigned to one of three groups according to
their age and parity. Group 1 (control, n = 18) received concentrate feed. Group 2 (n = 17) and Group
3 (n = 17) received concentrate feed supplemented with 1.25% and 2.5% clinoptilolite, respectively.
The experiment started 30 days before the expected parturition and lasted up to the end of lactation.
Bload samples from individual animals were collected just before the start of experiment, at the day
of calving and at monthly intervals. All samples were tested for packed cell volume, hemoglobin and
leukocyte count (white blood cell) values. Results showed that packed cell volume values and
hemoglobin concentrations were unaffected by clinoptilolite supplementation (P>0.05), either among
groups or for individual sampling. Likewise, no differences (P>0.05) in WBC were observed between
groups. Overall, the results showed that the 1.25 and 2.5% supplementation of clinoptilolite had no
adverse effect on the hematological parameters tested.

Katsoulos and co-workers also evaluated a wide range of other parameters as part of this same study.
The results from these studies are summarized here. Katsoulos et al. (2005b) investigated whether the
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long-term supplementation in the concentrate feed of dairy cows receiving diets supplemented with
1.25 and 2.5% clinoptilolite had any effect on the serum concentrations of B-carotene and vitamins A
and E. Results showed that clinoptilolite supplementation at both levels had no effect (P>0.05) on
serum concentration levels of the three parameters measured.

Katsoulos et al. (2005c) examined the effect of the percentage of clinoptilolite fed to the two groups
of dairy cows on the incidence of parturient paresis and serum concentrations of total calcium (tCa),
inorganic phosphorus (PO.*), magnesium (Mg?), potassium (K*) and sodium (Na*). Results showed
that the incidence of parturient paresis in cows receiving 2.5% clinoptilolite was lower (P<0.05 than for
the control animals. However, serum concentrations of Ca, Phosphate, Mg, K and Na were not different
(P>0.05) in cows receiving either 1.25 or 2.5% clinoptilolite over a 30-day days experimental period.

Katsoulos et al. (2005d) investigated the effect of feeding two levels (1.25% and 2.5%) of clinoptilolite
on serum copper, zinc and iron concentrations. Fifty-two clinically healthy Holstein cows were
randomly assigned to one of three groups according to their age and parity. The first group (group A)
comprised 17 cows fed a ration supplemented with 1.25% clinoptilolite, the second group (group B)
comprised also 17 cows was given a ration with 2.5% clinoptilolite, and the third group (group C, the
contral), comprised 18 cows fed the basal ration that did not contain any clinoptilolite. The experiment
started when the cows entered the fourth week before the expected parturition and Jasted until the
end of lactation. All cows were fed the above concentrates during the entire experimental period.
Blood samples were collected from each animal at the starting day of the experiment, at the day of
calving, and at monthly intervals thereafter. All samples were tested for serum Cu, Zn, and Fe
concentrations. The results showed that the 1.25 and 2.5% supplementation of clinoptilolite did not
have any adverse effects on serum concentrations of Cu, Zn, and Fe.

Katsoulos et al. (2006) analyzed blood samples monthly for serum glucose, ketone bodies, liver
enzymes, blood urea nitrogen (BUN) and total proteins. The milk yield of each cow was also recorded
monthly. The cows receiving 2.5% clinoptilolite had significantly fewer (P<0.05) cases of clinical ketosis
during the first month after calving and a higher total milk yield. Feeding the cows with clinoptilolite
for a long period had no apparent adverse effects on their liver function and did not significantly affect
(P>0.05) the concentrations of glucose, ketone bodies, BUN and total proteins in their serum.

Bosi et al. (2002) assessed the effect of a clinoptilolite addition of 1 % on production and milk
composition of dairy cows, on rumen fluid composition, and on the content of certain minerals in the
blood over 76 days. Thirty-two lactating Holstein cows (142 days average lactation length) were
blocked according to milk production, parity, and days of lactation and fed a control diet based on corn
and alfalfa silages, hay and concentrates, or the control diet plus clinoptilolite (200 g/day). The
clinoptilolite supplementation had no significant effect on milk yield, milk protein contents, fat
contents and somatic cell count. The dietary addition of clinoptilolite did not change pH, ammonia
content and VFA molar percentages in the rumen. No dietary effect on mineral contents of blood
plasma (Na, K, Zn, and Ca) was observed. The test material used in this study had a clinoptilolite content
of 45% which is significantly lower than specified in the present notification.

Enemark et al. (2003) monitored serum and urine biochemical changes in dairy cows during and after
oral administration of a synthetic sodium aluminum-silicate (zeolite A) with a specified calcium binding
capacity of > 110 mg per g zeolite (at pH 11). The animals received in addition to a grass silage ration
as part of a pellet daily 709 g of zeolite from day 8 to day 14 of the study The following blood and urine
parameters were investigated before, during, and after zeolite administration: blood gas, serum
calcium, serum inorganic phosphate, serum magnesium, serum sodium, urine pH, urine calcium, urine
inorganic phosphate, urine magnesium, vitamin D, parathyroid hormone (PTH), and urine pyridonoline
and deoxypyridonoline. A slight decrease in serum Ca and in renal excretion of calcium was observed
in the experimental group at initiation of supplementation, whereas an increment in these parameters
was recorded after withdrawal of zeolite supplementation. It was assumed, that zeolite caused a
reduction in the availability of dietary calcium during supplementation, which possibly elicited an
activation of calcium mobilization. The influence of zeolite on calcium homeostasis was not evident
from monitoring serum concentration of calcium regulating hormones (PTH, 1,25(0H)D3, 25(0OH)VitD)
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or renal excretion of markers of bone resorption. Enhanced active intestinal calcium absorption and
bone resorption was therefore considered insignificant in the calcium mobilization under the
conditions of the experiment. Serum concentration and fractional excretion of magnesium and
phosphate during supplementation were significantly lower in treated animals than in the control
group. The influence of zeolite on phosphorus and magnesium was presumed to result from a
combination of interference of zeolite with intestinal absorption and a marginal dietary
supplementation of these minerals. The test material used in this study was of synthetic origin selected
for its calcium binding properties; this type of zeolite is not comparable to the clinoptilolite subject to
this notification. Furthermore, the daily amount fed (about 700 g zeolite) corresponds to levels in feed
between 5 to 10% (depending on the daily feed intake of dry cows). The study results show that
synthetic sodium aluminum silicate of different composition may affect calcium, magnesium, and
phosphate homeostasis if administered at high daily doses, but such effects will not be present when
adding clinoptilolite at 1% to the feed.

Moahri et al. (2008a) studied the effect of clinoptilalite supplementation (2%} to colostrum (for 48hr)
and to colostrum and milk meals for 14 days in neonatal calves. Blood samples were taken 12 hours
after birth and weekly until the end of the experiment after 42 days. Clinoptilolite supplementation for
14 days had significant effect (P<0.05) on the values of hematocrit, red cell count, hemoglobin,
monocyte, and albumin. At the 48 hours supplementation mean corpuscular value decreased. No
significant difference was seen for other measured parameters, performance, and health between trial
groups. In a separate publication the same authors (Mahri et al.., 2008b) reported effects on some
serum minerals. The described study protocol was the same, levels of calcium, phosphorus,
magnesium, iron, sodium, and potassium were determined in the serum. The supplementation had
significant effect on the concentrations of calcium, phosphorus, sodium, and iron. The concentrations
of iron were significantly higher after 14 days of supplementation, and calcium and sodium
concentrations were significantly higher in serum of clinoptilolite-treated than control calves. The
concentrations of phosphorus were significantly lower in test groups than control group. Potassium
and magnesium concentrations were not affected by clinoptilolite supplementation. The use of
clinoptilolite at 2% in colostrum or milk replacer for neonatal calves does not represent an anticaking
agent use. The observed effects were statistically significant, but small if compared to the ranges for
these parameters reported elsewhere (Bouda and Jagos, 1984; Brun-Hansen et al., 2006; Klinkon and
Jezek, 2012) and not of adverse nature. The results of this study where clinoptilolite was used at 2% in
liquid feed do not have impact on the safety of clinoptilolite when used as anticaking agent in dry feed
materials at levels of 1%.

Step et al. (2008) aimed at identifying any adverse effects on health or performance in young dairy
calves fed clinoptilolite mixed with milk replacer. Twenty-six male Holstein calves (1to 7 days old) were
fed milk replacer with no clinoptilolite (n = 8), 0.5% clinoptilolite {n = 9), or 2% clinoptilolite (n = 9) for
28 days; each calf consumed approximately 12% of its body weight per day (based on the replacer
solids in the milk replacer mixture). For each calf, subjective health assessments, weight and rectal
temperature measurements, and complete blood cell count and serum biochemical analyses were
performed at intervals. All calves underwent necropsy. Body weight and average daily gain did not
differ among treatment groups. The percentage of monocytes and serum total protein concentration
in the low-dosage group were higher than values in the control and high-dosage groups. Compared
with values for either clinoptilolite-treated group, blood urea nitrogen concentration was greater in
the contro! group. Serum globulin concentration differed significantly among groups (2.77, 2.50, and
2.36 g/dL in the low-dosage, control, and high-dosage groups, respectively}. At necropsy, gross lesions
associated with clinoptilolite treatment were not detected in any of the calves. The authors concluded
that even under stressful conditions, clinoptilolite fed at 0.5 % or 2.0% did not affect the performance
of dairy calves and had no negative effect on white blood cell counts and blood metabolite
concentrations and enzyme activities. Clinoptilolite ingestion was not associated with treatment-
specific gross changes. The noted changes in blood urea nitrogen and serum globulin are statistically
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significant, but small if compared to the ranges for these parameters reported elsewhere (Bouda and
Jagos, 1984; Brun-Hansen et al., 2006; Klinkon and Jezek, 2012) and not of adverse nature.

Zarcula et al. (2010) and Pourliotis et al. (2012) studied the effects of clinoptilolite on diarrhea in
neonatal calves, an endpoint that is not covered by this submission. Zarcula et al. {2010) added 0.5%
and 2% to colostrum or milk replacer, and Pourliotis et al. {2012) administered doses of 1 g/kg body
weight per day. Both studies did not report any adverse effects and support the general safety profile
of clinoptilolite when used in neonatal calves.

Sweeney et al. (1984) studied in Holstein steers and heifers in a cross-over design the effect of 5%
clinoptilolite on diets with different protein solubility (low vs. high) fed for 112 days. Blood and rumen
parameters, and fecal and urinary parameters were measured and determined at regular intervals
during the whole duration of the study. Although a tendency for increased feed intake was found,
neither daily weight gain nor daily intake was significantly affected by clinoptilolite in both types of
diets. A significant clinoptilolite-protein solubility interaction was observed for apparent digestibility
of protein, organic matter, and acid detergent fiber. Clinoptilolite caused a shift in the ration of
acetate:propionate from 2.75 to 2.96. In the blood urea nitrogen increased with the low-solubility diet
and decreased in the high-solubility diet, and potassium decreased in both. Overall in this study the
use of two diets different in protein solubility is a confounding factor. As the only investigated level is
five times higher than the proposed use as anticaking agent of 1%, the study results do not question
the safe use of clinoptilolite as discussed in this notice.

Karatzia et al. (2011) reported results from a study in dairy cows where animals received 200 g of
clinoptilolite per day. The test material was offered together with a concentrate (4 kg), corn silage (25
kg) and molasses (2 kg). The aim of this study was to investigate whether the dietary inclusion of 200
g of clinoptilolite has any effect on the blood serum concentrations of aluminum and inorganic
phosphorus, as well as on the ruminal pH and the ruminal concentrations of aluminum and of certain
volatile fatty acids. The aluminum concentrations in rumen fluid and blood serum were not affected
by clinoptilolite supplementation throughout the experimental period which indicates that
clinoptilolite was stable at the acidic pH of the gastrointestinal tract. Concentration of soluble
phosphorus in the rumen fluid was not significantly affected by clinoptilolite supplementation.
Clinoptilolite significantly increased the pH of the rumen fluid, an increase that was attributed to the
buffer effects of clinoptilolite when added to acidic or basic aqueous solutions. The total volatile fatty
acid concentration was not significantly affected by clinoptilolite supplementation, but the molar
proportions of the volatile fatty acids evaluated were significantly affected by clinoptilolite. Acetate
was increased while propionate and valerate were decreased.

The authors' findings contrast with results obtained by other authors; however, it is justified to
question that the observed changes were negative effects. It is generally acknowledged that an
increase in rumen pH and acetate, and a decrease in propionate are beneficial. The levels achieved in
this study are those you would expect in healthy animals and hence are not an evidence of clinoptilolite
being unsafe for dairy cows (Krause and Oetzel, 2006; Enemark, 2008; Abdela, 2016)*.

Sheep and goats

Pond et al. (1984) carried out a study with 54 growing male Jambs to determine the effect of dietary
clinoptilolite on growth, feed utilization and concentrations of several nitrogen and ionic constituents
in blood plasma and of selected elements in body tissues. The treatments consisted of a basal (low
protein) diet containing no nitrogen supplement, plus vitamins and minerals, and a similar diet fortified
with urea as a nonprotein nitrogen source or with soybean meal as an intact protein source added to
the diet isonitrogenously with urea, all fed for 9 weeks. Clinoptilolite was added to each of these three
diets at 3% at the expense of corn. Mean daily weight gain was depressed during the first 4 weeks and
at 9 weeks in lambs fed diets containing corn or urea when clinoptilolite was added (P<0.05). However,

! Standard Text books that discuss the need of avoiding low rumen pH and low acetate/propionate ratios are
among others: “Merck Veterinary Manual", Dukes' Physiology of Domestic Animals" and "Veterinary medicine:
A textbook of the diseases of cattle, sheep, goats, pigs and horses."

BEST COPY AVAILABLE



Clinoptilolite GRAS Notice Page 9 (29)
G-Science, Inc. Part 6 17 Oct. 2018

when clinoptilolite was added to the corn-soybean meal diet there was no growth depression for either
period. Clinoptilolite did not affect plasma concentrations of protein, Ca, P, Mg, Na or K at 9 weeks.
The pH of the gastrointestinal tract contents was not affected, except for an increase in pH of caecal
contents due to clinoptilolite, a mild effect if compared with the fluctuations the study authors report
for the various measurements made at different segments of the Gl tract There was no evidence of
changes in liver, kidney, testes and muscle concentrations of major or minor elements in lambs fed
clinoptilolite. The test material used in this study was of about 60% purity which is less than the product
specified in Part 2 of this Notice. However, the results support the general safety of clinoptilolite as no
adverse effects were reported at 3% dietary inclusion.

Kovac et al. (1995) studied the use of clinoptilolite-rich tuff (about 60% clinoptilolite) to alleviate
organophosphate intoxication in sheep. The administration in this study was by esophageal intubation
directly into the stomach, the applied single dose was 2 g/kg bw. The results suggest that clinoptilolite-
rich tuff administrated orally 20 min before application of an organophosphate in sheep appears to
provide partial protection against the toxin in low dosages. It should be noted that the mode of
administration does not allow the use of this study for a feed safety evaluation. The use of the study is
further limited by the fact that animals received the pesticide at toxic concentrations.

Deligiannis et al. (2005) assessed the effect of feeding clinoptilolite (with a content of 88%) on food
intake and performance of growing lambs infected or not with gastrointestinal nematodes. The
experiment was carried out over a period of 3 months. Twenty-four lambs of the indigenous Greek
dairy breed Karagouniko were used. They had been weaned at 6 weeks of age. Lambs were given free
and continuous access to a nutritionally non-limiting pelleted concentrate that was either a basal diet
or a diet supplemented with clinoptilolite at a level of 3%. A 2 x2 factorial design consisting of both
feeding treatments and two levels of parasitic status, infected and uninfected was used. The infected
animals received 15000 L; {larvae) of Gl nematodes. Fecal samples were obtained directly from the
rectum of each individual animal. Sixty-two days later, all lambs were slaughtered and their abomasa
with intestines were removed in order to recover the adult worms. Lambs whether infected or not,
without clinoptilolite in the feed did not increase their feed intake to the same extent as those
receiving clinaptilolite. There was also a significant difference in the live weight of lambs at slaughter,
with lambs that received zeolite being the heaviest. Average growth rates were significantly different
between lambs of different groups; lambs of groups with clinoptilolite were growing to a faster rate
compared with those without. However, there were no significant differences in carcass characteristics
between lamhs of the four groups. The fecal egg counts were significantly reduced in infected lambs
receiving clinaptilolite; the latter was also the case for worm burdens assessed on the day of slaughter.
In this study at 3% inclusion rate were not observed negative effects on growth parameters of lambs.

Ruiz-Barrera et al. (2006) determined the effect of four levels of clinoptilolite on the digestibility and
nutrient intake of sheep fed with alfalfa hay and concentrate. Four fistulated male sheep with an
average 32.55 (+1.43) kg of liveweight were allocated to four treatments in a Latin square design: 0%
clinoptilolite, 1.5% clinoptilolite, 3% clinoptilolite and 4.5% clinoptilolite. Results for apparent dry
matter digestibility, dry matter intake, organic matter intake, acid detergent fiber intake, neutral
detergent fiber intake and crude protein intake the data showed no statistical differences. However, a
significant quadratic effect was observed for digestible intake of acid detergent fiber with values of
72.0 (0%), 94.4 (at 1.5%), 98.6 (at 3 %) and 87.3 (at 4.5%) g/animal/day. In this study no side effects
were reported, however, the authors recognize the limitations of their study with respect to the
sample size.

Katsoulos et al. (2009) determined the effect of dietary supplementation with clinoptilolite (89%
purity) on health and production as well as serum concentrations of fat-soluble vitamins, macro
elements and trace elements, and activities of hepatic enzymes in dairy goats. Goats were randomly
assigned to a clinoptilolite group (n=36) that received concentrate feed, of which 2.5% contained
clinoptilolite, the control group (n=36) received unsupplemented feed. The experiment began 8 weeks
before parturition and continued to the beginning of the next nonlactating period (280 days of
lactation). At the day of parturition, kids were weighed. Milk yields were recorded at day 60 of lactation
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and thereafter at monthly intervals. Milk percentages of fat, protein, and lactose and somatic cell count
were evaluated at the same points. Blood samples were obtained at the beginning of the experiment,
the day of parturition, and thereafter at monthly intervals to measure serum concentrations of fat-
soluble vitamins, macro elements and trace elements, and activities of hepatic enzymes. Birth weights
of triplets and quadruplets were significantly higher in clinoptilolite-treated goats versus control goats.
Milk fat percentage was significantly higher and somatic cell count was significantly lower in
clinoptilolite-treated goats, compared with respective values in control goats. No changes in serum
concentrations of any variable were detected. The authors concluded that clinoptilolite
supplementation of concentrate feed at 2.5% improved milk fat percentage in dairy goats, without
adverse effects on the serum variables evaluated. The clinoptilolite used in this study was of similar
quality as described in Part 2 of this Notice.

Norouzian et al. (2010) examined the effects of feeding clinoptilolite on hematology, performance, and
health of 30 newborn Balouchi lambs allocated to three groups: one with control basal diet and two
basal diet plus 1.5 and 3% clinoptilolite, respectively, for 6 weeks (3 weeks before and 3 weeks after
weaning). Blood samples were taken from all lambs, at the time when the animals were allocated to
the experimental diet and at the end of each week of experiment, and analyzed for hematology,
plasma fibrinogen, and total protein. Performance and health of all lambs were measured. Fecal
consistency score and diarrhea severity were evaluated. There was no difference between lambs in
case of hematological parameters. Lambs fecal consistency score and severity of diarrhea were lowest
{P<0.05) for both groups of clinoptilolite-supplemented lambs and highest for control animals. Feed
conservation ratio and dry matter intake were similar between the groups of lambs fed the different
diets, but average daily gain of lambs differed significantly (P<0.05) and was higher in animals
supplemented with 1.5 % clinoptilolite. It was concluded that addition of 3% clinoptilolite to starter
diet of newborn lamb can reduce incidence and severity of diarrhea, although its effect on hematology
and performance was negligible.

Alcala-Canto et al. (2011) evaluated the effects of supplementation with clinoptilolite in a controlled
and randomized field study conducted on a sheep farm with a known history of coccidiosis. Two groups
of 6 pregnant ewes each, with three replicates per group were included in the study. Sheep received
a basal diet or a clinaptilolite (1.25%) diet. Clinoptilolite was fed to the experimental group for a mean
of 72 days (30 days before lambing through 42 days after lambing) and examination of fecal samples
was performed every seven days in ewes, as well as on days 12, 14, 21, 28, 35 and 42 in their lambs.
The assessment was based mainly on total oocyst excretion of Eimeria oocysts in ewes and their
offspring, and on morphology of Eimeria oocysts. On day 42, efficacy reached a significant (P<<0.05)
reduction of 97% in oocyst output in supplementation. Of relevance for the safety of clinoptilolite are
the reproductive parameters: There was no negative effect of supplementation with clinoptilolite on
ewe weight gain, number of lambs born and newborn lamb body weight (the supplementation rather
improved those, possibly due to reduced Eimeria infection). The study authors do not discuss the purity
of the clinoptilolite used; the results support the supplementation safety of clinoptilolite at 1.25% in
diets of reproducing sheep.

Toprak et al. (2016) conducted a study to determine the effects of the addition of micronized
clinoptiiolite on the fattening performance, blood parameters, fecal ash and nitrogen levels of lambs
fed concentrate feeds intensively. For two months 25 four-month-old Merino x Ile de France crossbred
male lambs (21.1 + 1.32 kg live weight) were fed 100 g alfalfa hay and a mixed concentrate diet
containing 0%, 1%, 2% or 3% additional clinoptilolite. At the end of the study, bodyweight gain and
feed consumption were not affected by the treatments. Similarly, the addition of up to 2% clinoptilolite
to the diet did not affect slaughter weight, hot carcass or cold carcass weights, but they decreased at
3% inclusion. No differences were observed between the groups in terms of blood urea nitrogen,
plasma glucose, serum creatinine, triglyceride, sodium, potassium and chlorine concentration.
However, serum total protein, calcium and phosphorus concentrations were affected by clinoptilolite
supplementation of 2% or 3%. The addition of clinoptilolite to the ration did not affect the fecal dry
matter content and total nitrogen level, yet it increased the ash content of the feces. Consequently, it
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was demonstrated that the addition of up to 2% clinoptilolite to lamb grower feed does not have a
negative impact on performance and carcass yield of the animals, but affects serum total protein,
calcium and phosphorus concentrations. No effects were seen at a 1% inclusion rate.

6.2.2 Swine

Nestorov (1984) investigated the effects of a clinoptilolite (65% purity) when fed to male pigs over a
growth period from 10 to 105 kg body weight. In the treated animals' diet 4% carbohydrates were
replaced by 4% of clinoptilolite. During the finishing period, between 30 and 103.3 kg of weight, mean
daily weight gains were 0.698 and 0.687 kg and feed consumption was 3.1 and 3.02 kg for the control
and experimental groups, respectively. At slaughter, a significant difference (P <0.01) was found in
carcass lean and fats for the two groups. The experimental animals had a 9% greater lean content and
a 16% lower separable fat (subcutaneous and interior fats) content than the control animals. In a
second large-scale field experiment, two groups of Camborough pigs were equalized on the basis of
live weight and age and fed a basal control diet or a similar diet in which 4% of the maize was replaced
by clinoptilolite. Thus, during the growth period from 30 to 60 kg of live weight, the control-group
animals received 14.15% crude protein and 4012 kcal of metabolizable energy per kilogram, and the
experimental animals received 13.15% crude protein and 3890 kcal of metabolizable energy per
kilogram. For the period between 60 and 105 kg of live weight, the groups received 12.33 and 11.8%
crude protein and 3624 and 3328 kcal metabolizable energy per kilogram, respectively. For the entire
finishing period, mean daily weight gains of 0.471 kg and 0.461 kg were obtained for the experimental
and control groups, respectively. Feed consumption was 4.598 kg/kg weight gain for the experimental
animals. In growing pigs fed these diets, significantly higher levels of blood glucose and alkaline
phosphatase and lower levels of blood lipids were found in the mesenteric blood of the experimental
animals. Blood serum monoamino oxidase activity was significantly higher in the control pigs, which
was related to the higher levels of lipids in the serum. It should be noted that several aspects of the
study limit its relevance for this notice: (a) the purity of the clinoptilolite is lower; (b) the diets differed
significantly, as carbohydrates were replaced without compensation; (c) the inclusion level is four
times higher than proposed in present notification; (d) no data for blood parameters are given which
does not allow to assess retrospectively whether the changes are within or outside of normal ranges
(i.e. adverse) and related to clinoptilolite or the different diets.

Shurson et al. (1984) carried out several trials in which growing pigs were fed diets containing various
levels of clinoptilolite. In one growth trial, two groups of 18 crossbred pigs (averaging 25 kg body
weight) were assigned to diets containing 0 or 5% clinoptilolite for 6 weeks growing phase trial. It was
found that average daily gain (ADG), average daily feed intake (ADFI) and F/G ratio were unaffected by
clinoptilolite supplementation. A second growth trial utilized the same crossbred pigs (averaged 65 kg
body weight) assigned to diets containing 0 or 5% clinoptilolite for 8 weeks finishing phase trial. No
effect was observed for ADG, ADFI or metabolizable energy (ME) utilization with the clinoptilolite diet,
although the F/G ratio increased (P<0.02). In a nutrient balance trial, 16 crossbred pigs (averaging 7 kg
body weight) were fed diets (4 pigs per diet) containing 0, 2.5, 5.0 or 7.5% clinoptilolite. Digestible
energy, ME, N-corrected ME and ME corrected for N-balance and clinoptilolite levels were linearly
reduced (P<0.01) as increasing amounts of clinoptilolite were fed. Daily fecal-N increased, and
apparent digestibility of N was linearly reduced by feeding increasing amounts of clinoptilolite.
Likewise, phosphorus retention was linearly reduced (P<0.05), but Ca, Mg, Na, K, Fe and Zn retention
were not linearly affected. The authors stated that this indicated the stability of clinoptilolite in the
acid environment of the stomach.

Sardi et al. (2002) carried out two trials in which pigs were fed diets containing clinoptilolite. In the first
trial (growing-finishing) 40 pigs (average 55 kg body weight) were homogeneously allocated to two
groups (4 replicates of 5 animals each) and fed either a standard diet or the same diet supplemented
with 2% clinoptilolite. Pigs were slaughtered at about 160 kg body weight. Blood samples were taken
to determine BUN. In the second trial (piglets from birth to post-weaning) a total of 116 piglets from
12 litters were used. Sows were homogeneously chosen with respect to farrowing order (second
parity-dams) and genetics (Duroc x Large White). Piglets were weighed at birth. Litters were equalized
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to assign to each sow the same number of piglets of the same sex. Litters were allotted to two groups:
the control group in which the 6 litters received feed without clinoptilolite and the experimental group
in which the remaining 6 litters received the control diet with 2% clinoptilolite. Animals were fed until
attaining 33 kg body weight. The ADG, ADFI and health of the pigs were regularly recorded in both
trials. Results from both trials showed that the inclusion of clinoptilolite did not affect growing
performance. Animals fed the clinoptilolite diet showed a significant (P<0.05) improvement of fecal
DM content. It was observed at slaughtering that the dietary inclusion of clinoptilolite resulted in a
trend towards an improvement in yield of lean cuts and in an increase (P<0.05) of the ratio between
lean and fat cuts. The authors stated that clinoptilolite did not impair pig growing performances,
resulted in a higher dry matter content of feces and improved carcass quality of heavy pigs, particularly
in regard to yield of lean cuts and ratio of lean/fat cuts.

Papaioannou et al. (2002) conducted a study to evaluate, under field conditions, the effect of the long-
term dietary use of a natural zeolite (clinoptilolite) and antibiotics (chlortetracycline) on the
concentrations of certain vitamins (vitamin A and vitamin E) and minerals (K, Na, P, Ca, Mg, Cu and Zn)
in blood and body tissues of weanling Large White x Landrace sows. Twenty-four sows were assigned
to two main experimental groups and four subgroups, depending on the presence or absence of
clinoptilolite and chlortetracycline in their feed, respectively. Clinoptilolite was provided to the sows
from weaning, during the service, gestation and lactation periods and up to the date of the next
service, while chlortetracycline was administered for a 2-week period post-service, as well as for a 2-
week period following the allocation of the sows in the farrowing house, around 5 days prior to the
expected parturition. Blood samples were collected at the starting day of the trial, on the thirtieth and
ninetieth day of each pregnancy, and on the day of each parturition and on the day of each weaning.
Furthermore, 20 sows were similarly distributed in the same experimental groups and subgroups, and
at the end of the trial were slaughtered and liver and kidney samples were collected for biochemical
analysis. Neither clinoptilolite nor chlortetracycline supplementation of the diets had any significant
effect on vitamins' and minerals' uptake and their distribution in the body, since there was no
alteration in their blood serum and liver/kidney concentrations. Furthermore, no clinoptilolite x
chlortetracycline interaction was noticed. It was concluded that dietary supplementation of
clinoptilolite during pregnancy and lactation is not associated with any adverse effect on vitamin (A
and E) and mineral (K, Na, P, Ca, Mg, Cu, and Zn) uptake and/or distribution in sows which are on diets
adequately fortified with these vitamins and minerals.

Fokas et al. (2004) carried out a study to measure the retention coefficient of lead (Pb) from
clinoptilolite in a balance trial with growing pigs. Twelve weaned pigs of 45 days of age were divided
into two equal groups. Group 1 was fed a control (C) diet and Group 2 (experimental, E) the same diet
supplemented with 2% clinoptilolite. The Pb content of the clinoptilolite used was 46 ppm, and the
dietary contents were 1.1 and 2.1 ppm for diets C and E, respectively. Feed intake, growth rate and
feed conversion efficiency, as well as digestibility and nitrogen (N) retention were measured to
investigate any effects of the dietary inclusion of clinoptilolite in pigs. Pb concentration was measured
in whole blood and edible parts of the carcass (muscles, liver, heart and kidneys), and Pb retention
coefficient was determined. The results showed that digestibility did not differ between diets Cand E,
apart from that of ether extract, which was lower (P < 0.01) for the C diet, whereas, N retention was
higher in pigs of group E. No significant differences were observed for feed intake, growth rate and
feed efficiency over the 52-day feeding period. The inclusion of clinoptilolite in the diet of Group E pigs
did not result in a significant increase in the Pb concentration in the whole blood and the edible tissues,
except for liver (P <0.001). However, the Pb retention coefficient between diets was not changed
significantly.

Alexopoulos et al. (2007) studied the effect of the long-term dietary use of a clinoptilolite-rich tuff on
certain biochemical and hematological parameters in pigs. Forty-eight healthy piglets (24 females and
24 males) were used in the study, equally allocated in two experimental groups, depending on the
inclusion or not of clinoptilolite in their feed. Clinoptilolite was incorporated in their feed at the
inclusion rate of 2% and was administered continuously from weaning to slaughter. All pigs were
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individually weighed upon commencement of the study at 25(+3) days of age and subsequently at the
end of the weaning, growing and fattening stages; 70(%3), 112(+3) and 161(+3) days of age,
respectively, and blood sample collections were performed for analyses. Clinoptilolite ingestion was
well tolerated and resulted in a higher body weight gain during the weaning stage, as well as during
the whole monitoring period (P<0.05). The diet had no effect on serum K, Na, Ca, P, total protein,
albumin and total bilirubin concentrations throughout the study (P>0.05). Furthermore, no significant
alteration was noticed concerning the hematocrit, leucocyte count and hemoglobin concentration
(P>0.05). Conversely, the dietary inclusion of clinoptilolite resulted in a lower serum urea-N and
cholesterol concentrations in all blood samplings apart from the initial one (P<0.05). Likewise, the
clinoptilolite supplemented group demonstrated an elevated serum glucose concentration at the
blood samplings performed on 112(+3) and 161(+3) days of age and a lower AST activity at the latter
(P<0.05). In the context of this study, the long-term dietary use of clinoptilolite at the inclusion rate of
2% appeared not to affect adversely the health status of treated animals in terms of undesirable
changes of their biochemical and hematological profiles.

Prvulovic et al. (2007) carried out a study to determine the effects of clinoptilolite on growth
performance and selected blood serum biochemical components in Landrace x Yorkshire pigs. Sixty
animals of both sexes were divided into two groups and fed either a basal diet without clinoptilolite or
the same diet supplemented with 5% clinoptilolite. Feed and water were available ad libitum.
Individual live weights were recorded on days 45, 90 and 135 of the experiment. Feed consumption
was recorded weekly. Blood was drawn from the anterior vena cava of each pig at day 135 for the
determination of serum biochemical parameters. During the first 90 days of the experiment, pigs from
the clinoptilolite group had higher body weight gain (P<0.05) compared with the control group, but
growth parameters in the finishing phase were significantly lower (P<0.05). This decrease was
attributed to possible effects of the concentration, purity and type of clinoptilolite used, as well as the
growth phase of animals. Blood serum biochemical parameters from all experimental pigs were
reported as being generally within the normal range, although higher (P<0.05) triglyceride
concentration, lower total cholesterol concentration and increased activity of aspartate amino
transferase were recorded in the serum of the clinoptilolite supplemented group. Dietary addition of
clinoptilolite had no adverse effects on other serum biochemical parameters and did not affect the
normal physiological homeostasis of the animals.

The literature contains several additional studies that support the safety of adding 1% or more
clinoptilolite to swine diets. For example, see the reviews by Pond et al. (1989), Papaioannou et al.
(2005), Alexopoulos et al. (2007} and Subramaniam and Kim (2015).

In view of the numerous sources of clinoptilolite and their wide range of applications, studies available
from the literature are sometimes quoted as presenting evidence for hazards that may raise concerns
when clinoptilolite is added to animal diets. However, as demonstrated by the example of EFSA (2013)
described below, clarification of such concerns is needed before applying the evidence to other
studies.

According to EFSA which referenced the study from Pond et al. (1988), "some changes in the mineral
concentration of the kidney of pigs were found". This study investigates co-administration of
clinoptilolite with higher doses of copper. It seems that EFSA did not consider the second publication
by Pond et al. (1989) where the authors assessed further the tissue mineral element content in swine.
In this study fattening pigs received diets low and high in calcium with low and high content in iron,
plus 0 or 2 % clinoptilolite. The authors determined in liver and kidney the levels of sulphur,
phosphorus, potassium, sodium, magnesium, iron, aluminium, copper and zinc. There was no effect of
clinoptilolite on liver concentration of any mineral element measured. They noted small shifts in the
kidney level of potassium, magnesium and copper, however, those were of no consequence to overall
animal health or tissue or cellular integrity, since no pathological lesions or clinical signs of aberrations
in mineral element metabolism were evident. The authors concluded that the addition of 2%
clinoptilolite to corn-soybean meal diets fed continuously to growing-finishing pigs for 84 days was not
associated with adverse effects on tissue mineral element concentrations even when dietary calcium
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and iron concentrations are altered. The several observed changes in tissue mineral concentrations in
response to dietary clinoptilolite do, however, suggest that dietary mineral element composition
should receive special attention when clinoptilolite is added to the diet. It is worthwhile to note that
Pond and Lee (1984)? studied incorporation levels of 5% clinoptilolite, but found no effects on blood
plasma traits that were related to the addition of clinoptilolite; blood urea increased significantly only
at the co-administration of ammonium carbonate, clinoptilolite alone did not change blood urea
nitrogen as compared to controls.

The study of Poulsen and Oksbjerg (1995) investigated effects of 0 and 3% clinoptilolite on protein-
poor and -rich diet. The feed was not adjusted to the reduced energy content in the clinoptilolite group
and, as pigs did not compensate for this effect by increasing feed intake, daily weight gain was slightly
reduced. Additionally, the authors state that protein retention was not influenced significantly. The
clinoptilolite used in the study contained less clinoptilolite (70%) than the clinoptilolite of this notice
or the one authorized in the EU. Test material and inclusion rate also differ from our notification, and
the observations made in the study are explained by the study design. Its results do not affect GRAS
conclusion proposed in this notification.

6.2.3 Poultry

Olver (1989) carried out a study with 120 single combed 6-week-old pullets of three strains (20 hens
per treatment) that were fed on a diet containing 160 g protein/kg with or without 5% clinoptilolite.
Sterile river sand replaced clinoptilolite in the control diet in order to keep the diets isoenergetic. The
hens were individually caged in a naturally-ventilated laying house and fed on one of the two diets for
ten 28-day periods. No significant dietary effects between treatments were observed with respect to
body weight, age at first egg, egg weight, Haugh scores or food intake/hen. Significant dietary effects
in favor of clinoptilolite feeding were noticed with the number of eggs laid per hen, shell thickness,
efficiency of food utilization, droppings moisture content and mortality. Significant differences
between strains were observed with respect to all measurements taken, except food intake/hen/day.

Oztiirk et al. (1998) conducted an experiment to study the effects of clinoptilolite on the performance
of laying hens. A total of one hundred and eighty 37-week-old Babcock B-300 layers with similar egg
production capabilities and live weight were divided into 5 treatment groups (12 replicates and 36
hens per treatment) and fed a diet containing 0, 2, 4, 6 and 8% clinoptilolite over a 112-day days
experimental period. All feeding programs were isocaloric and isonitrogenous. No significant dietary
effects were observed in terms of body weight, feed consumption, feed efficiency ratio, number of
eggs laid per hen, shell thickness, mortality or other criteria of egg quality (P>0.05). Significant dietary
effects of clinoptilolite feeding were observed in the form of a decrease in fecal moisture content
(P<0.05).

Bintas et al. (2007) conducted a study to investigate the effect of dietary Ca (recommended and below
recommended levels) and clinoptilolite (0 and 0.8%) on growth, plasma, tibia and feces in chickens
from 1 to 42 days of age. Zeolite supplementation did not affect overall body weight gain, feed intake
(FI) or feed conversion ratio (FCR) of broiler chickens (P>0.05). Overall mortality of clinoptilolite-fed
chickens was lower than in untreated ones (P<0.01). Reduction of dietary Ca of approximately 10 to
18% decreased (P<0.05) body weight at 14 and 42 days of age in association with reduced Fl, but overall
FCR was unchanged. Serum protein and sodium constituents were reduced in birds fed clinoptilolite
(P<0.05), but no significant effect in was observed in serum P, Mg, and Cl concentrations. Decreasing
dietary Ca level increased (P<0.01) serum, total protein and glucose concentrations, but decreased Ca
level. Zeolite decreased bone ash in birds fed a Ca-deficient diet while increased fecal excretion of ash,
Ca, P and aluminum. However, clinoptilolite increased tibia weight (P<0.05) and thickness (P<0.01). No

2 This paper is referenced sometimes as Pond and Yen (1984). however, the book Zeo-agriculture: Use of Natural
Zeolites in Agriculture and Aquaculture. Westview Press, Inc. Boulder, CO, edited by WG Pond and FA Mumpton,
list the authors of the paper as WG Pond and IT Lee. No paper published by Pond and Yen (1984) could be
identified.
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significant response (P>0.05) in relative weight and gross lesion scores of liver or footpad lesion scores
was found related to changes in dietary regimes.

Eleroglu et al. (2011) investigated the effects of differing amounts of natural clinoptilolite + mordenite
type of zeolite (Ca-zeolite) on bone and some blood parameters. A total of 240-day-old Ross 308 broiler
chicks were assigned to four treatments with three replicates, each containing 20-day-old chicks of
mixed sex. Ca-zeolite was added in the broiler diets at levels of 0 g/kg, 10 g/kg, 30 g/kg, and 50 g/kg.
Stocking density was 14 broilers/m2. During the six-week trial, blood parameters and bone
characteristics were monitored. The inclusion of Ca-zeolite, at various levels, did not have any
significant effect on the concentration of blood serum biochemical parameters; serum glucose,
cholesterol, total protein, uric acid; concentrations of Ca, P, Na, K, Cl, and on tibial bone characteristics
(tibia weight, ash, volume, specific gravity, and Ca and P contents) in the two sexes and mixed-sex
between the groups at 21 and 42 days of age.

Kralik et al. (2006) determined the effects of a preparation containing tribomechanically activated
clinoptilolite on the egg quality and on the biochemical indicators in serum of laying hens. The
experiment was carried out on 240 laying hens of Hy-Line hybrid at the age of 26 weeks. Laying hens
were divided into two groups and fed with commercial diets containing 18% crude protein and 11.6
MJ metabolic energy. In the experimental group, 1% of corn was substituted with clinoptilolite
preparation. During 28 research days, body mass of laying hens, laying capability, biochemical blood
indicators (glucose, urea, creatinine, urates, total bilirubin, total protein, albumin, globulin, CRP,
ferritin, cholesterol, triglycerides, HDL-cholesterol, LDL-cholesterol) were measured. Egg quality (n=50
per each group) was determined on day 28 of the experiment on fresh eggs, and after 14 days of
keeping eggs on +4°C the following was determined: egg mass, mass of albumen and yolk, shell mass
and thickness, shell firmness, height of albumen, color of yolk, pH value of albumen and yolk, HU
(Haugh units) and VN (value number) of eggs. Physical traits of eggs were determined. Compared to
the control, the serum of laying hens in experimental group had a significantly higher (P<0.05) level of
creatinine, total bilirubin, total protein, globulins, ferritin and CRP, and lower level of triglycerides
(P=0.06), measured on day 14 of the experiment. The same trend was determined on the day 28;
however, the differences were not significant. There were no significant differences (P>0.05) in the
egg mass, thickness and firmness of shell, pH value of albumen, HU and VN in fresh eggs. In the 14-day
old eggs of experimental group, there were more favorable values determined in albumen height, HU
and VN (P>0.05) and significantly lower pH in egg yolk (P<0.05). The serum changes reported in this
study where a clinoptilolite preparation had been fed at 1% to layers are not adverse. Furthermore,
the test substance is an activated clinoptilolite and results from this study are not directly applicable
to the clinoptilolite described in the present notification.

Kaya et al. (2013) investigated the effect of a zeolite (composition not provided), an organic acid
mixture and the combination of both when added to a layer diet on performance, egg quality traits
and some blood parameters. The hens were fed a basal diet, a basal diet with 20 g/kg clinoptilolite, a
basal diet with 2 g /kg organic acid mixture (70% propionic acid, 5% citric acid and 25% soft acid}, and
a basal diet with 20 g/kg zeolite and 2 g/kg organic acid mixture. Feed intake, egg production, egg
weight, feed conversion ratio and body weight did not statistically differ among the groups (p>0.05).
Ege quality parameters of zeolite fed animals were not affected. Dietary treatment with zeolite
reduced serum albumin, glucose, ALP, AST and calcium contents compared with the control group, but
treatment did not affect serum cholesterol, total protein and phosphorus levels. This study was
performed using a clinoptilolite for which the purity was not given and at a higher level than 1%,
therefore the results are not directly applicable to the present Notice.

Sacakli et al. (2015) determined the effect of clinoptilolite alone or in combination with phytase on the
performance, carcass characteristics, intestinal histomorphology, and determined tibia ash and Ca, P
levels in male broiler chickens. A total of 192 one-day-old male broiler chicks (Ross 308) were randomly
assigned to 4 different treatments with 8 replicates containing 6 birds each. The control group was fed
a diet without clinoptilolite and/or phytase. group 2 was supplemented with 2% clinoptilolite. Group
3 received feed supplemented 0.01 % phytase and 2% clinoptilolite, and group 4 just 0.01 % phytase.
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The results showed that combined use of clinoptilolite and phytase in broiler diets decreased body
weight gain at 1-14 days. Dietary treatments had no effect on body weight gain, feed intake and feed
conversion ratio during the entire experimental period. Tibia ash and phosphorus level were decreased
due to combined use of clinoptilolite and phytase in comparison to those fed control and clinoptilolite
only diets on day 21. At 42 days of age, tibia ash, Ca, P levels and Ca/P ratio was not changed by the
treatments. The authors concluded that there might be a positive effect of 2% clinoptilolite on the
performance of male broilers after starting period. The purity of the clinoptilolite used in this study is
not given, and thus results of the study are not directly applicable to clinoptilolite subject to this Notice.
Nevertheless, the study generally supports that clinoptilolites as a group are safe when used in poultry
diets at a level of 1%.

Scheideler (1993) investigated the efficacy of four different aluminosilicates (two of them
clinoptilolites; all added at 1%) on aflatoxin B1 toxicity. Due to the complicated study design, it is not
easy to discern results for the aluminosilicates only from those resulting from the interaction with
aflatoxin B1. Body weight, feed consumption and feed conversion were not affected by any of the
. aluminosilicates, and calcium, phosphorus, sodium, and potassium levels in serum were not affected
either. The author concludes that the type of aluminosilicate had no effect on serum calcium,
phospharus, sodium or potassium, compared with the control diet. A statistically significant reduction
of chloride serum levels is reported. However, the control had 102 mEq/L, and for the four treatment
groups levels 0f 97, 98, 100 and 101 mEqg/L were reported (the author notes that the diet had not been
adjusted for chloride imbalance due to addition of aluminosilicates). Bone ash was reduced by one
synthetic aluminosilicate, but not by the two clinoptilolites used in the study.

Elliot and Edwards (1991) showed that adding 1.0% natural zeolite to the diet had no effect on egg
weight, egg production, plasma calcium, plasma phosphorus or on the retention of calcium,
phosphorus, and phytin phosphorus.

The lack of adverse effects on feeding clinoptilolite to poultry is well-supported by numerous other
studies where clinoptilolite was added to diets for broilers at 1.5 to 10% (Nakaue and Koelliker, 1981;
Oguz and Kurtoglu, 2000; Oguz et al., 2002; Ortatatli et al., 2005; Kavan et al., 2013; Parizadian et al.,
2013; Wu et al,, 2013a-d), layers at 1.5 to 4.5% (Utlu et al., 2007; Moghaddam et al., 2008; Gezen et
al., 2009) and quail at 5% (Parlat et al., 1999).

6.2.4 Cats and Dogs

Rogue et al. (2011) evaluated the effect of adding clinoptilolite to diets of cats at levels of 0.5%, 0.75%
and 1.0% of dry matter on the digestibility and blood parameters of domestic cats. Twenty-one
mongrel, adult, vaccinated and dewormed male and female cats (average age of 3 + 0.84 yr old,
average body weight 3.71 + 0.84 kg) were housed in metabolism room and kept in individual
metabolism cages. No differences (P>0.05) in apparent digestibility were observed between diets for
dry matter, crude protein and mineral matter. The mean values for hemoglobin, indirect bilirubin and
urea in blood samples of cats receiving diets containing the different additive levels were not
significantly different.

Santos et al. (2013) carried out a study in which the effect of feeding clinoptilolite on the
acceptability/dry matter intake of feed and apparent indigestibility coefficient (AIC) for calcium,
phospharus, magnesium, sodium, potassium, mineral excretion in dogs were measured. Fourteen
adult beagle dogs (7 animals per group, average 4.5 years and body weight of 12.5 (+1.46) kg, were
fed a with a standard control diet and the same diet supplemented with 1% clinoptilolite for 10 days
(5 days adaption and 5 days feces collection). No effect on feed intake/acceptability was observed and
there were no differences (P>0.05) on the production of feces {g/day) and the percentage of water in
the feces. Differences were observed between the control and clinoptilolite supplemented diets for
the AIC of calcium and phosphorous, but they were not significant (P<0.02). The AIC for magnesium in
the clinoptilolite diet was less than the control (P<0.001). It was postulated that the reduced
absorption might have occurred because the increase in the excretion of phosphorus may have led to
the formation of complexes with magnesium. The AIC for potassium and sodium in both diets was
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similar. Similar results for palatability/digestibility and mineral excretion of diets containing 0.5%,
0.75% and 1% clinoptilolite are reported for cats and dogs (Maia et al., 2010; Santos et al., 2011).

Santos et al. (2016} also provide data on the apparent digestibility and urinary pH of aduit dogs fed a
commercial diet supplemented with 1% clinoptilolite. Twenty-one healthy male and female Beagles
{average 4.5 yr and body weight 12.5 (+1.5 kg) and were used. No significant differences (P>0.05) were
observed in the apparent digestibility coefficients of dry matter, organic matter, crude protein, gross
energy, or apparent digestible energy of the control and clinoptilolite diets. Likewise, the addition of
clinoptilolite to the diet had no effect on urinary pH, a finding similar to that reported for cats by Roque
etal. (2011).

6.2.5 Other species

Demirel et al. (2011) conducted a study to determine the effects of dietary natural clinoptilolite (95%)
on serum contents, health status and feeding performance of rats. Adult male Sprague—Dawley rats
{n=24) were randomly divided into four groups with three replicates including a control group (without
clinoptilolite) and three levels of natural clinoptilolite (2%, 4% and 6%) added to balanced nutritive
diets. All rats were fed the above diets during 56-day experimental period. Blood samples were
collected from each animal at the end of the experiment. Dietary clinoptilolite increased serum
albumin, triglyceride and VLDL levels (P<0.05). However, the differences among treatment groups
were not significant for serum minerals (Ca, P, Mg, K, Na, Cl, Fe), urea, Fe binding, LDL, alkaline
phosphatase, glucose, uric acid, total Fe, total protein, globulin, cholesterol, HDL cholesterol,
creatinine; metabolizable energy and crude protein consumption for 1g live weight gain of rats
(P>0.05). The authors concluded that dietary use of clinoptilolite at 2, 4 and 6% did not cause any
adverse clinical and biochemical effects on the health status of rats.

Demirel et al. (2015) investigated the effects of dietary natural zeolite {clinoptilolite) on performance,
skin and liver histology in male rats. Animals were divided into four groups with three replicates,
including a control group and groups with one of three doses of clinoptilolite (2%, 4%, and 6%) in their
diets. All the rats were fed these concentrates throughout the experimental period of 56 days. There
were no significant differences in the primary and secondary hair follicle numbers among groups, but
the change in diameters of each follicle were found to be significant. The primary and secondary follicle
numbers and diameters ranged from lowest to highest as follows: 2.00-2.33, 4.50-7.17, 11.53-20.42
and 57.63-102.12 um, respectively. The differences occurred between the control group and group IV
{containing 6% zeolite). In addition, the skin and liver histology results showed that there were no
differences among the groups. Though the clinoptilolite used in this study was of different origin, it is
comparable and supports in general terms the safety of the clinoptilolite described in this notification.

Demirel et al. {2018) compared the effects of dietary clinoptilolite on nutrient digestibility and relative
organ weights in rats. In their study, 24 adult male Sprague-Dawley rats were divided into 4 groups
with 3 replicates, according to a randomized split plots design. In addition to a control group (0%
clinoptilolite), 3 levels of clinoptilolite (2%, 4%, and 6%) were used in the diets, and the rats were fed
these diets for 56 days. Statistically significant differences were found among the groups for the
digestibility rates of nutrients (P<0.05), except for crude fiber and acid detergent fiber. The addition of
clinoptilolite in rats’ feeds reduced the digestibility of crude fiber, crude ash, neutral detergent fiber
and acid detergent fiber, but increased the digestibility of other nutrients. Slaughter live, organs (liver,
kidney, heart, and stomach) and relative organ weights were not affected significantly by the
clinoptilolite contents. The authors concluded that clinoptilolites can be used in animal feed safely at
levels of up to 6%. Though the clinoptilolite used in this study was of different origin, it is comparable
and supports in general terms the safety of the clinoptilolite described in this notification.

As stated previously, In view of the numerous sources of clinoptilolite and their wide range of
applications, it is important to evaluate whether those studies presenting evidence for hazards when
clinoptilolite is added to animal diets are comparable to the substance and conditions of use of the
clinoptilolite described in this Notice. Again, with reference to a study considered by EFSA (2013},
Martin-Kleiner et al. (2001) supplied young adult mice with food containing 12.5%, 25% or 50%
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clinoptilolite powder. Control animals received the same food without the clinoptilolite. Clinoptilolite
ingestion was well tolerated, as judged by comparable body masses of treated and control animals. A
20% increase of the potassium level was detected in mice receiving the zeolite-rich diet, without other
changes in serum chemistry. No other parameter showed a deviation despite the high feed inclusion
level. Data obtained at diets inclusion levels of 12.5 % or higher serve for hazard identification, whereas
as such moderate changes have not been observed at 2% or lower. This finding, deemed by EFSA (2013)
to present a possible hazard, is not relevant for the risk assessment of the proposed conditions of use
of the clinoptilolite in this Notice.

Additionally, EFSA (2013) refers to two studies performed by Gerasev et al. (2003a,b) who described
reduced potassium absorption and increased renal excretion in rats. In these studies, a clinoptilolite
{from Siberia) was added at 5% to the diet and fed to male rats for a short period of seven days. This
study's design is inadequate to study long term administration of clinoptilolite to rodents, moreover
the level it was added to the diet is significantly above 1%.

6.3 Feeding studies in target animals with Zeocem clinoptilolite

The first three sub-sections review studies in target animals that were carried out using clinoptilolite
sourced from the Zeocem mine in NiZny Hrabovec, Slovak Republic; the fourth sub-section compares
clinoptilolite used in these studies with clinoptilolites used in studies discussed in section 6.2

6.3.1 Ruminants
Cattle

The effects of supplementing rations with 2 to 7.5% clinoptilolite were studied in beef cattle and dairy
cows (Vrzgula et al., 1985; reviewed by Bartko et al., 1995). Long-term supplementation revealed no
significant differences in weight gain, feed efficiency, or milk yield between supplemented and control
animals. Similar results were reported by the same authors for lambs supplemented across this range.

Vrzgula et al. (1988) carried out an experiment to determine the effect of adding clinoptilolite to the
colostrum given to calves in the control/treatment of diarrhea. A total of 43 calves (23 controls and 20
treated) from Slovak spotted and Black spotted breeds were kept on two farms. The calves individually
received 2 L of maternal colostrum within the first 3 hours of life and 3x daily for 15 days. The colostrum
for the treated calves was enriched with 1% clinoptilolite. General health and incidence of diarrhea
were monitored daily. Blood was taken immediately after birth and at 24 hr, and on days 5, 10 and 15
after parturition. Total protein and immunoglobulin levels, and serum concentrations of Ca, Cu, Fe and
Zn were measured.

The results showed that clinoptilolite added to the colostrum given to the calves produced an increase
in the concentration of total immunoglobulin in the blood serum of the treated groups, but the
increase was significant only on one farm on days 5 and 10. An increase in the serum levels of total
proteins in treated calves compared with the controls was observed in each collection beginning 24
hours after birth. This difference was statistically significant (P<0.01) on day 10. Calcium concentration
increased (P<0.05) in the treated groups on the day 10 and it persisted until day 15 on Farm 2. Different
results were noted in both farms in the analysis of serum P which was higher in the treated groups in
each collection than in the control groups on Farm 2; the situation was similar in the first collections
in Farm 1, but on day 15 there was a statistically significant (P< 0.01) decrease in the mean
concentration of the serum P in the treated groups compared with the controls. Serum Fe level of
treated calves increased markedly 24 hours after parturition on both farms. There were significant
differences in favor of the treated groups in the level of copper, showing the highest concentrations
on days 10 and 15. At the same time, there was an increase in the concentration of the total proteins
which are the biological carriers of trace elements, forming together protein metal enzymatic
complexes. There were no significant differences in serum zinc on either farm due to clinoptilolite.
Throughout the course of the experiment the occurrence of the diarrhea syndrome was recorded on
both farms in the treated and control groups; in the latter diarrhea developed in 13 calves. In five cases
it was complicated by respiratory syndrome ending in death. In the treated groups the course of the
diarrhea was moderate and lasted only 2 days. These results confirm an earlier trial (Vrzgula, 1985)
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where feeding clinoptilolite (1% of diet) twice daily to calves for 10 to 14 days reduced the incidence
of diarrhea. Adding clinoptilolite (2% of diet twice daily) was found to have a positive effect on animals
already affected with the syndrome.

Sheep

Bartko et al. (1983a) studied the effect of clinoptilolite on the health condition of 10 sheep of the
Merino breed; a control group (5 animals) fed a basic diet and experimental group (5 animals) given
the same diet with 1.5% clinoptilolite for 3 months. No significant differences were observed in the
health condition and general behavior of the control animals and those fed clinoptilolite. Differences
observed in content of volatile fatty acids in rumen contents, blood chemistry, micro/macro elements,
transaminase activity and acid-base homeostasis were also not significant.

6.3.2 Swine

Vrzgula et al. (1984) carried out a feeding trial with clinoptilolite in a large-scale fattening facility with
450 pigs in both the control and treatment groups. The pigs (crossbreed Slovak white pedigree x
Landrace) weighed an average 22 kg in the control and 20 kg in the experimental group. Animals were
fed a starter ration until reaching about 45 kg and then a finisher ration. Clinoptilolite was added to
both rations of the experimental group at a level of 3%. The feeding mixtures were given in troughs in
granulated form ad libitum. Animals were weighed on days 70 and 166. General observations of
behavior and sensory evaluation of feces was carried out during the 167 days fattening period. At the
beginning of fattening the-average pig weight in the experimental group was about 2 kg lower than in
the control group. However, after 70 days, it was 4.14 kg higher in the experimental group than in the
control. At the end of the fattening the average weight of the experimental group was 3.96 kg lower
than the control. The average daily weight gain in the experimental group over 70 d, was 13.5% higher
than in the control, however during the remaining 96 days {until the end of fattening), the average
daily weight gain was 5.8% lower in the experimental group than in the control. Overall, the average
daily weight gain of the entire period of fattening was only about 1% higher in the experimental group.
The mortality rate of the pigs receiving clinoptilolite was 2.9% lower than the control animals. The
feces of pigs receiving clinoptilolite were denser, lighter and smelled less than the feces of control
animals.

Vrzgula et al. (1982, 1984) and Bartko et al. (1983b, 1995) also report data from large-scale commercial
studies in which experimental groups of 100 to 600 swine were fed diets supplemented with 5%
clinoptilolite for 30 to 45 days. No detrimental effects on animal performance and health were
reported for any of the studies.

6.3.3 Poultry

Herzig et al. {2008) conducted a study to find out the impact of a long-term application of clinoptilolite
on the chemical composition of long bones (femur, tibiotarsus) and eggshell of layers. A total of 120
birds of the hybrid breed Bovans Goldline were divided into a control group fed a standard feed
mixture and an experimental group in which the diet was supplemented with 1% Zeocem clinoptilolite
(ZeoFeed®). The layers were raised in a three-floor cage structure with automatic watering and manual
feeding in an environment with a regulated lighting and thermal schedule. The actual experimental
period started in the twenty-second week of age of the layers and ended in the sixty-eighth week.
Layers receiving the clinoptilolite had higher average egg weights (P<0.05) and the consumption of
feed mixture per one egg was 4 g lower compared to the control birds. The eggshell of layers receiving
clinoptilolite had a higher (P<0.01) content of crude protein, calcium and magnesium than the controls.
The values of the same indicators were higher in the femur and tibiotarsus (P<0.05 and P<0.01,
respectively) of layers fed clinoptilolite. The health condition of the layers was monitored daily and no
clinical symptoms of a disease were registered. It was reported that the long-term application of
clinoptilolite favorably influenced the lodgment of Ca, P, Mg and crude protein in the eggshell, as well
as in both long bones, increased egg production and reduced the consumption of feed mixture per/egg,
while maintaining health of the layers.
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Suchy et al. (2006) carried out trials to determine the effect of supplementing broiler diets with Zeocem
clinoptilolite (ZeoFeed®) at levels of 1% and 2% on growth performance. The average liveweight of
supplemented birds was higher (P<0.01) than for the control group at 40 days of age. There were no
differences in water consumption between groups at either level of supplementation. Chickens in all
groups showed very good health and a very low rate of mortality.

Other studies where Zeocem clinoptilolite (ZeoFeed®) was fed to layers include Strakova et al. (2008)
who examined at a feeding level of 1% selected production parameters, and hematological and
biochemical parameters of hepatic and renal function. In the course of the experimental period from
week 22 to week 68, the layers receiving clinoptilolite had a 1.7% higher laying intensity as compared
to control layers (i.e. the number of laid eggs in experimental layers increased by 5.6 eggs per layer).
The mean weight of all laid eggs was 66.3 (+6.25) g in the control group and 65.6 (+¥5.44) g in the
experimental group. Consumption of feeding mixture per egg laid was 141.7 g in the control group and
137.6 g in the experimental group. The consumption of feeding mixture in the experimental group was
4.1 g lower than that in the control group. The mean values of parameters monitored in blood plasma,
such as uric acid, cholesterol, glucose, lactose, calcium, phosphorus, ALP and LDH, in both groups of
layers ranged within reference intervals, with no significant differences being detected between both
groups. Statistically significant differences between both groups were found in total plasma protein
(P<0.01), triacylglycerol levels (P<0.05), and magnesium (P<0.01), which were elevated in the control
group, and in AST (P<0.05) whose level in the control group was significantly lower than that in the
experimental group. The results of hematological tests performed with layers’ blood revealed
statistically significant changes in parameters such as the erythrocyte count (P £ 0.01), hemoglobin
level (P<0.01), and MCHC (P<0.05), which were elevated in the experimental group, and in the
leukocyte count (P<0.05), which was lower in the experimental group, as compared with the control.
However, serum value changes found varied within physiological ranges and do not represent adverse
effects raising safety concerns. They may very well reflect differences in feed intake and egg
production.

Machacek et al. (2010) conducted a study to assess the effects of two levels of clinoptilolite
administered in feed (2% and 4%) on some selected performance indicators, metabolic utilization of
basic nutrients and the health status of laying hens. The selected 24 Bovans Goldline hybrid laying hens
were divided into three equal groups, the two experimental groups and one control group. The laying
hens were housed individually in cages with an automatic supply of drinking water, manual feeding, in
a setting with controlled light and temperature regimens. Hens from individual groups were all fed a
complete feed mix of the same composition and the only difference was in clinoptilolite
supplementation: feed mixes for supplemented groups that contained 2% and 4% of clinoptilolite
(commercial additive ZeoFeed) respectively, replacing the same amounts of wheat. The hens received
feed mixes and drinking water ad libitum. During this 28-day experiment, feed consumption and the
number and weight of eggs laid were monitored individually for each hen. At the end of the
experiment, the balance test using the indicator method (Cr.0s) was performed in all eight hens in
each of the groups. The results of balance tests were then used to calculate the metabolic utilization
of selected nutrients (nitrogen, fat, ash, nitrogen-free extracts, starch, gross energy, Ca, P). After the
balance tests, blood samples for hematological and biochemical examinations were collected via
puncture of the vena basilica. The addition of 2% clinoptilolite to feed mix resulted in a highly
significant (P<0.01) increase in mean egg weight to 64.69 g, but the addition of 4% clinoptilolite
resulted in a highly significant (P<0.01) decrease in mean egg weight to 62.20 g compared to the
control (63.73 g). Moreover, daily feed mix consumption with 2% clinoptilolite decreased to 114 g per
one laying hen/day compared to the controls (118 g per one laying hen/day). In the 4% clinoptilolite),
daily consumption of the feed mixture increased compared with the controls to 124 g. The 2%
clinoptilolite supplementation feed slightly increased metabolic utilization of fat, nitrogen-free
extracts, starch and gross energy compared to control group. Results of hematological test of the hens’
blood showed significant changes in hemoglobin, whose values in control and 2%-groups were
significantly higher (P<0.05) than in the 4%-group. Differences in the values of the biochemical
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indicators monitored (total protein, glucose, cholesterol, triacylglycerols, calcium, phosphorus,
magnesium and the AST enzyme) between the control and both experimental groups were not
significant and remained within the range of reference values.

6.3.4 Applicability of studies with other clinoptilolites (6.2.) to Zeocem clinoptilolite

The studies reviewed in Sections 6.2 and 6.3 demonstrate that clinoptilolite can be added to the diets
of ruminants, swine and poultry under normal production conditions at levels of 1% or more without
eliciting detrimental effects on animal health or overall performance. The read-across between other
clinoptilolites studied in target animals and clinoptilolite described in this GRAS notice requires a
comparison of their composition.

A comparison between the composition of the Zeocem clinoptilolite which is the subject of this notice
and the composition of the clinoptilolite used in some of the feeding studies cited in Section 6.2 is
given in Table 6. 1. The data demonstrate that the purity and mineral composition of the oxides of the
Zeocem clinoptilolite is very similar to that of the clinoptilolite used in the reported anima! feeding
trials, and for which no safety concerns were indicated for animal performance or health.

Table 6. 1 Similarities between Zeocem clinoptilolite and clinoptilolite used in feeding studies
Katsoulos Karatzia Pourliotis | Papaioannou | Sardi Herzig

Reference Zeocem? etal. etal. etal. et al. etal. etal.

(20053,b,¢) (2011) (2012) (2002) (2002) | {2008)°

Ruminants,
Animals swine, Dairy cows Dairy Calves Swine Swine | Poultry
poultry cows
and pets
Parameter
Purity (%) 86-92 | 92 2 | 92 | 88 >85 | >80
Mineral composition (%)¢

Si0z 65.0-71.3 68.9 69.9 68.9 68.26 68.20 62
Al>O3 11.5-13.1 11.3 11.3 113 13.30 12.3 14
Ca0 2.7-5.2 3.0 3.0 3.0 4.34 4.34 5.5
Na.O 0.2-13 0.75 0.75 0.75 0.26 0.26 NG
Fe20s 0.7-2.1 0.11 0.11 0.11 0.08 0.08 2.3
K20 22-3.4 2.23 2.23 2.23 0.94 0.94 NG
MgO 0.6-1.2 0.6 0.6 0.6 1.05 1.05 NG
Si:Al (ratio) 48-54 6.1 6.1 NG 5.1 5.5 4.4
Particle size 0.01-25 0.80 NG <0.80 NG 0-1 |02-05
(mm)
2 Clinoptilolite sourced from Zeocem’s mine in NiZny Hrabovec, Slovak Republic (Appendices 2.1 and 2.2).
b Clinoptilolite used in the study was a Zeocem clinoptilolite ZeoFeed® product.
¢ Estimated amount; calculation based on data provided in study.
4 Mineral composition of reported oxides.
NG - Not given.

It may be questioned whether the clinoptilolites from other sources used in the studies discussed in
Section 6.2 are also comparable to the substance that is the subject of the present notice with respect
to impurities and contaminants.

For heavy metals, arsenic, and dioxins/dioxin like PCBs maximum limits for complete feed were
established in Europe between 1974 and 2007; in addition, for specific types of feeds such as mineral
feed or feed ingredients such as feed additives derived from mineral deposits (among them
clinoptilolite of sedimentary origin) separate levels were adopted. All these levels reflected and, as
they have been reviewed regularly, continue to reflect the state-of-the-art toxicology and good
manufacturing practice (which included reported and observed ranges of contamination).
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The maximum limits were applied historically in Europe (many as early as 1974, most of them before
2003) and apply today for complete feed, complimentary feed (mineral feed), and for clinoptilolite. 3
As comparison maximum tolerable levels for heavy metals and arsenic based on animal health as
adopted by NRC are given in Table 6.2.

Table 6. 2 Maximum levels for contaminants in feed (European Union)

Matrix Lead Cadmium Mercury Arsenic Dioxins Dioxin and
dioxin-like
PCBs

mg/kg ng WHO - TEQ/kg
Complete feed 5 1 0.1 2 0.75 15
Complementary feed 10 0.5 0.2 4 0.75 1.5
Mineral feed 15 5 0.2 12 - -
Clinoptilolite 30 2 [0.1] [2] 0.75 15
Maximum Tolerable 10-100 10 0.2 30 - -
Levels {NRC 2005)

Note: levels in [ ] are not legally mandatory, but respected and applied by the feed chain.

The safe/unsafe intake of a contaminant for an animal results from all dietary sources, including water
for drinking. As long as a single ingredient's content of a contaminant is not higher than what is
tolerable for the complete feed or ratio, the resulting net intake by the animal would continue to be
safe. Should a higher content be permitted in an ingredient, a dilution in the complete feed to levels
below the tolerance for complete feed would assure that intake by the animals is still safe.

Study protocols for animal studies are prepared under applicable regulatory framework including rules
for animal welfare and animal feed; they reflect also current feeding practice in the country where the
study is run.

Itis expected that levels of contaminants in the complete feeds used in the studies discussed in Section
6.2 are, when performed in Europe, meeting the legal requirements laid down in European Union feed
law. This applies specifically to the studies run in Europe which are those reported by Katsoulos et al.
(2005a,b,c), Karatzia et al. (2011}, Pourliotis et al. (2012}, Papaioannou et al. (2002), Sardi et al. (2002},
and Herzig et al. (2008). The clinoptilolites used in European studies are therefore similar to the
clinoptilolite subject to this notification with respect to their likely contamination with heavy metals,
arsenic and dioxins, as they all were products used under applicable European feed law which includes
levels for these contaminants. Such studies are done to develop data to be used in the market place
which makes only sense if the product comply with regulations and can therefore be marketed.

However, also studies with clinoptilolite run outside of the European Union under a different
jurisdiction would support the conclusions on the safety of the clinoptilolite. If results from such
studies indicate safety of the applied clinoptilolites at the proposed use level of 1% or higher, the study
material used was at least contaminated at levels that did not results in toxicity. The notifier is not
aware of studies with reported toxicity of clinoptilolite due to presence of contaminants, the materials
used in the cited studies are considered to be also sufficiently similar with respect to their spectrum
and level of contaminants.

In summary, other clinoptilolites used in those studies discussed in Section 6.2 are similar to
clinoptilolite of this notice with respect to their major constituents and their content in heavy metals,
arsenic, and dioxins/dioxin like PCBs.

3 DIRECTIVE 2002/32/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 7 May 2002 on undesirable
substances in animal feed (as amended subsequently).

BEST COPY AVAILABLE



Clinoptilolite GRAS Notice Page 23 (29)
G-Science, Inc. Part 6 ‘ 17 Oct. 2018

6.4 Animal Safety: toxicological studies

6.4.1 Bioavailability and absorption

Demirel et al. (2011) conducted a study to determine the effects of dietary natural clinoptilolite (95%)
on serum contents, health status and feeding performance of rats. Adult male Sprague—Dawley rats
(n=24) were randomly divided into four groups with three replicates including a control group (without
clinoptilolite) and three levels of natural clinoptilolite (2%, 4% and 6%) added to balanced nutritive
diets. All rats were fed the above diets during 56-d experimental period. Blood samples were collected
from each animal at the end of the experiment. Dietary clinoptilolite increased in serum albumin,
triglyceride and VLDL levels (P<0.05). However, the differences among treatment groups were not
significant for serum minerals {Ca, P, Mg, K, Na, Cl, Fe), urea, Fe binding, LDL, alkaline phosphatase,
glucose, uric acid, total Fe, total protein, globulin, cholesterol, HDL cholesterol, creatinine;
metabolizable energy and crude protein consumption for 1g live weight gain of rats (P>0.05). The
results showed that the supplementation of clinoptilolite did not have positive effect on serum
concentrations of the investigated parameters apart from albumin, triglyceride and VLDL, but they had
no negative effect on the health status of animals.

Studies of the bioavailability of clinoptilolite minerals in porcine models have been conducted by
numerous investigators. Pond and Yen (1983a) reported that the concentrations of liver and kidney
ash, Cd, Zn, Fe, Mn, Cu, Ca, Mg, P, K, and N were unchanged in growing pigs fed a diet containing 3%
clinoptilolite, thereby indicating that clinoptilolite is considered to be stable at physiological pH and at
the acidic pH (<2) of the stomach. Shurson et al. (1984) fed pigs diets containing up to 7.5%
clinoptilolite. Analysis of feces and urine samples for mineral retention indicated a reduction in levels
of P, but no changes in the levels of Ca, Mg, Na, K, Fe and Zn. The authors stated that this indicated the
stability of clinoptilolite in the acid environment of the stomach. In another study Pond et al. (1989)
reported that feeding growing pigs 2% clinoptilolite for 12 weeks had no consequence on the
concentrations of P, Fe, Zn, or Al in either kidney or liver tissue. The authors stated that the failure of
liver or kidney Al to be affected by supplemental clinoptilolite in the diet suggests that clinoptilolite is
stable in the milieu of the digestive tract contents and therefore, the absorption of Al or Si contained
in the crystalline matrix of the molecule is nil or low.

Papaioannou et al. (2002) reported that supplementing sow diets with 2% clinoptilolite had no
significant effect on vitamins (A and E), and minerals (K, Na, P, Ca, Mg, Cu, and Zn) uptake and/or
distribution. Fokas et al. (2004) reported that supplementing the diets of castrated male pigs with 2%
clinoptilolite did not lead to a significant increase of Pb concentration in blood or edible tissues, except
for liver (P <0.001). However, the Pb retention coefficient between diets was not significant. The
retention coefficient of Pb in the clinoptilolite used was practically negligible (0.009). The amount of
Pb contained in the supplemented diet (2.1 ppm) was below the allowable EC limit of 5 ppm for
complete feeds (EC, 2002) and well below the level of 30 ppm given by NRC (2005) for mineral feeds.

Alexopoulos et al. (2007) studied the effect of long-term use of clinoptilolite on certain biochemical
and hematological parameters in piglets. Forty-eight piglets (24 females and 24 males), equally
allocated in two experimental groups were fed a control diet or the control diet with 2% clinoptilolite
continuously from weaning to slaughter. All pigs were individually weighed, and blood samples taken
upon commencement of the study (25 days of age) and subsequently at the end of the weaning,
growing and fattening stages (70, 112 and 161 days of age), respectively. The diet had no effect on
serum K, Na, Ca, P, total protein, albumin and total bilirubin concentrations throughout the study
(P<0.05). Likewise, no significant alteration was noticed concerning the hematocrit, leucocyte count
and hemoglobin concentration (P<0.05]).

Dwyer et al. (1997) conducted a study in which day-old broiler chicks were fed a diet containing 1%
clinoptilolite until 3 weeks of age. No significant differences were observed in hematology, serum
biochemical values and enzyme activities. Similar results for blood serum biochemical parameter are
reported by Miles and Henry (2007) who fed broilers diets containing 2% hydrated sodium calcium
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aluminosilicate for 21 days and Safameher et al. (2008) and Eleroglu et al. (2011) who fed broiler chicks
diets containing 2% and 5% clinoptilolite, respectively for 42 days.

In summary, available research indicates that clinoptilolite is not soluble and is resistant to the
physiological and chemical conditions in the digestive systems of monogastric and ruminant animals;
it passes through the gastro-intestinal tract essentially unabsorbed and is excreted with the feces. No
studies could be found in the scientific literature demonstrating that clinoptilolite is degraded or
absorbed after being consumed, and thereby posing a health risk for animals. As previously noted, it
is already authorized for use as an anticaking agent in Europe (EC, 1999; EU, 2011; EFSA, 2013). This
conclusion is supported by further data discussed in the following Section 6.4.2.

6.4.2 Stability of clinoptilolite in simulated gastric and other relevant fluids

Clinoptilolite is chemically highly stable under acidic conditions due the abundance of high energy
silicon-oxygen bonding throughout the tectosilicate structure (Cotton, 2008).

Available evidence indicates that clinoptilolite resists degradation by gastric and intestinal juices. In
studies using simulated body fluids, the crystal structure of clinoptilolite is reported as remaining stable
(Rivera et al., 1998; Ceyhan et al., 2007), even up to 40 days (Martin-Kleiner et al., 2001).

Alver (2013) investigated HCl-treatment of clinoptilolite and demonstrated that under different pH
conditions (from 0.2 to 2 M HCl at 70 °C) the amount of iron in the material stays constant with respect
to the original material. Moreover, it could be proved that the treatment of clinoptilolite with hot acid
did not cause any considerable effect/damage on the crystal lattice of the mineral structure.

Waluyo et al. (2018) investigated a modified natural zeolite containing clinoptilolite, heulandite
(structurally equivalent to clinoptilolite) and mordenite. They reported that the treatment of the
material with ammonium nitrate followed by acid treatment over several hours did neither
significantly alter the structure of the included clinoptilolite phases nor the content of Fe.

Akkoca et al. (2013) treated clinoptilolite with acids {hydrochloric, phosphoric and bromic) and alkalis
(potassium hydroxide and sodium hydroxide). X-ray diffraction analysis indicated that the structure of
clinoptilolite was not altered by either of the treatments.

Ates and Hardacre (2012) reported that even if the ion composition of clinoptilolite is altered by ion
exchange processes and a following heating step, treatment with 1M HCI for 30 minutes afterwards
did reduce the Al concentration of clinoptilolite by less than 10%. Fe concentration was not altered
significantly. The authors concluded that upon ion-exchange (...) Fe** and Mg?* can only be partially
removed due to its stronger binding in clinoptilolite (...) and the extent of dealumination towards acid
leaching is low.

Polatoglu (2005) incubated clinoptilolite with simulated gastric juice for 2 hours at 37°C, using a finely
ground clinoptilolite with a particle size of 24 pm. Incubation revealed a leaching rate of <3% for Al and
<4% for Fe.

Beltcheva (2015) performed some experiments with rats, using a modified form of clinoptilolite,
adding it to a 10% alkaline salt solution and processing the mixture with addition of 25% water for 4h
in a ball crusher. During this process, < 10% of the Al became available, whereas Fe was leached by
55%.

Li et al. (2008) estimated the stability of clinoptilolite by measuring the leaching of Al, Si, K and Na ions
after acid treatment (pH ranging from 1.0 to 5.0) over periods of 24 hours to 6 days. They reported
that clinoptilolite was chemically stable at low pH environments, as only 11% of Al was leached even
after incubation at pH 1 for 144h. At pHs of 3, 4 and 5 the leaching of Al decreased drastically.

In a study performed by Troszkiy (2017) it was shown that even with boiling 5% HCl only 14% of Al and
0% Fe could be leached from clinoptilolite. Even more rigid conditions were used by Kadirbekov et al.
(2017) who treated clinoptilolite with 1.75N HCI at 96-98°C for 6 hours. This led to a leaching of only
1/3 of the Al from the clinoptilolite lattice and 75% of Fe.

Rivera et al. (2013) performed some studies with clinoptilolite and different HCL solutions with a solid
liquid ration of 1g/250ml for 1 hour at room temperature. Al content was reduced with a physiological
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HCl concentration of 0.1N from 5.9% (control) to 5.3 %. The author states that the structural stability
of clinoptilolite was not significantly affected by acid treatments.

Kavak and Ulkii (2012) also investigated the structural stability of clinoptilolite in simulated digestion
conditions and their interactions with digestive media and human colon adenocarcinoma cells.
Analyses (XRD, fourier transform infrared spectroscopy, scanning electron microscopy and inductively
coupled plasma atomic emission spectroscopy) of the clinoptilolite samples showed that the substance
preserved its structural stability during in vitro digestion.

Leung et al. (2007) conducted laboratory tests to determine the stability of a zeolite (containing 90%
clinoptilolite, high in Al, Fe, Pb) under acidic conditions (pH 1.5} similar to those found in the stomachs
of swine. It was reported that after 25 hours the amounts of the heavy metals released were well
below the toxic levels as recommended by NRC (2005).

6.4.3 Reduced bioavailability of Al in presence of Si

The bioavailability of aluminum from food and water sources is low, estimated to range between 0.1%
and 0.4% (WHO, 1997; Krewski et al., 2007). An important limitation to the bioavailability of aluminium
is the interaction with aqueous aluminium species and dissolved silica; silicic acid Si (OH). generating
hydroxyaluminosilicates (Birchall, 1992).

Interestingly, many studies showed that this figure is further decreased upon co-supplementation with
silicon (Domingo et al., 2011; Birchall, 1992,1995; Edwardson et al., 1993). Based on epidemiologic
data, several authors performed human studies on volunteers to try and establish a relationship
between the presence of soluble silicon in drinking water and the bioavailability of aluminum upon
ingestion. Edwardson et al. (1993), using labelled Al on 5 volunteers, showed a reduction of 85% of
peak plasma aluminum concentration upon administration of soluble Si in drinking water. In a similar
experiment, Bellia et al. (1996) measured the urinary Al excretion in volunteers given beer with a high
Si content. The authors calculated a reduction of 85% of the bioavailability of Al (estimated at 0.09%
after 1 hr) in the presence of silicic acid compared to controls. Davenward et al. (2013) and Jones et al.
(2017) showed increased Al urinary excretion in volunteers who drank a silicon-rich mineral water for
12 weeks. Interestingly, iron and copper urinary excretion remained unaffected by the treatment.

The data are supported by a study by Kraljevic-Pavelic et al. (2017) performed in rats. Rats were
gavaged daily with a solution of aluminum chloride, followed after 1 hour by a new gavage solution
containing colloidal silica or different types of clinoptilolites. Control groups received only aluminum
chloride, only colloidal silica or only zeolite. The authors concluded that the results clearly showed
increased Al concentrations in the plasma and target organs, namely liver and bones of Al-intoxicated
animals upon supplementation with aluminum chloride that were markedly decreased in Al-
intoxicated animals supplemented with clinoptilolite materials. The same effect was observed in Al-
intoxicated animals supplemented with colloidal silica.

6.4.4 Carcinogenicity

Studies lasting up to one year with Sprague-Dawley rats have demonstrated that intratracheal injection
of 10 to 15 mg of clinoptilolite dust (50% clinoptilolite content, particle size of <2 um} did not lead to
significant damage of macrophage cell membranes. Mild fibrosis was detected, but no significant rise
in tumor incidence. None of the doses applied caused heavy fibrosis or mesothelioma (Adamis et al.,
2000). Likewise, no significant dose-related increase was found in the incidence of tumors in any organ
or tissue of Wistar rats given intratracheal doses of clinoptilolite (0, 30, or 60 mg/animal) to groups of
60 or 50 male and 50 female rats on one occasion (Tatrai and Ungvary, 1993; WHO, 1997). In vitro cell
culture studies have shown that clinoptilolite, unlike other zeolites, caused no alveolar macrophage
cytotoxicity due to the shape of its dust particles (Dong et al., 2006). At present, clinoptilolite is placed
in Group 3, being not classifiable as to its carcinogenicity in humans due to inadequate evidence in
humans and experimental animals (WHQ, 1997; Eimore, 2003). Thomas and Ballantyne (1992) who
carried out an extensive review of toxicity of zeolites, including clinoptilolite, reported that mice did
not illicit peritoneal tumors when exposed to fibrous clinoptilolite.
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6.4.5 Toxicity

Paveli¢ et al. (2001) conducted a series of studies in mice using 4-months-old male and female
CBA/HZgr mice administered diets containing 0 or 25% clinoptilolite for a period of 1, 3, or 6 months.
During the course of study, the animals were monitored daily for clinical signs, changes in behavior,
and survival, changes in body weight were monitored weekly, and food and water consumption
measured at days 14 and 28 when the mice were housed for 24 hours in metabolic cages (5 mice per
cage). Changes in hematological and serum clinical chemistry parameters (erythrocytes, leukocytes,
platelets, hematocrit, hemoglobin, glucose, ALP, AST, ALT, bilirubin, inorganic phosphorus, and
calcium) were obtained at t = 1, 3, and 6 months and 24 hours urinalyses (glucose, proteins,
urobilinogen, bilirubin, nitrites, erythrocytes, leukocytes, pH and specific gravity) obtained monthly.
Histopathological analyses of liver, spleen, kidney, brain, lung, testes, ovary, duodenum, eye, stomach,
large and small intestine, muscles, myocardium, pancreas, thymus, auxillary lymph node were carried
out on all animals at the end of the 1, 3, or 6 months’ timepoints. The investigators reported that no
changes were observed that could be considered a toxic effect of the treatment. The results of this
feeding study with clinoptilolite suggest a NOAEL of 25% in the diet (about 37,500 mg/kg body
weight/day), the highest dose tested.

Paveli¢ et al. (2001) also conducted a study using Wistar rats administered diets containing 0, 25, or
50% clinoptilolite for a period of 1, 3, or 12 months. The protocol used for these studies was similar to
that presented for mice as described above. During the course of the study rats were monitored daily
for clinical changes in behavior and incidence of mortality, body weight and water consumption were
measured every 4 days and feed consumption measured daily. Hematological and serum clinical
chemistry parameters (as per mice) were measured monthly. Histopathological examinations of liver,
spleen, lung, kidney, testes ovary and brain, were performed on experimental and control rats
euthanized after 1, 6, and 12 months of feeding. The investigators reported that no changes were
observed that could be considered a toxic effect of the treatment. The results of this feeding study in
rats with clinoptilolite suggest a NOAEL of 50% in the diet (about 25,000 mg/kg body weight/day), the
highest dose tested.

6.4.6 Reproductive and developmental toxicology

In a multi-generation study Pond and Yen (1983b) investigated the effects of long-term ingestion of
clinoptilolite on growth and reproduction in Sprague-Dawley rats. Female rats were administered a
basal diet or a diet containing 5% clinoptilolite at weaning through week 13, at which point the females
were mated and the dams continued on the same feeding regimen. Parameters such as body weight
after parturition and at 1, 2, and 3 weeks postpartum, number of pups born per litter, live birth weight
and average total litter birth weight were recorded. At 1, 2, and 3 weeks postnatal, the number of live
pups and total litter weight were recorded. The pups were weaned at 3 weeks and the dams were
euthanized. Blood samples were collected from the dams for determination of hemoglobin,
hematocrit and plasma urea nitrogen. Fresh and dry weights of livers and kidneys were recorded. Pups
(2/sex) from each litter were randomly selected at weaning and placed in a single cage. Individual body
weights were recorded weekly for 4 weeks, after which males were euthanized, blood collected for
hematocrit and liver, kidneys and testes removed and weighed. The females were mated with young
adult fertile males. Pregnant females continued on their respective diets during gestation and were
weighed immediately after parturition and 1 day postpartum. Numbers of total and live pups per litter
were recorded, and total weight of each litter at birth and at one day of age was determined. Dams
were euthanized in the same manner as the first generation, blood hemoglobin and hematocrit were
determined, and liver and kidneys weighed. The authors reported that ingestion of clinoptilolite over
2 generations had no adverse effects on growth or reproduction in the animals. There was no evidence
of toxicity of feeding clinoptilolite (5% in diet) during the growing period of the dams or throughout
pregnancy and lactation. Reproduction was not affected by clinoptilolite consumption and no
teratogenic effects or adverse effects on development or growth of the offspring were observed.

Paveli¢ et al. (2001) investigated the reproductive toxicity of clinoptilolite in mice. In these
experiments, clinoptilolite was mixed with standard feed at a ratio of 25:75 and was administered to
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10 male and 10 female CBA/HZgr mice for 50 days, starting at least 14 days prior to mating. The
treatment continued during the pre-pregnancy and pregnancy period (one cycle) and until weaning.
The same pair of animals was fed clinoptilolite diets and monitored during four consecutive cycles
(approximately 4 to 5 months). The same schedule was applied for control animals. The parental
generation was monitored for duration of the cycle period (pre-pregnancy and pregnancy period),
fertility (presence or absence of litter in a particular cycle), delivery incidence, mortality, and
histological changes of the ovaries, after the fourth cycle. The number of total and viable pups born,
as well as gain in pup body weight and mortality until weaning also was recorded. The pre-pregnancy
period was shorter in the clinoptilolite-treated mice. The number of pups per litter was increased in
clinoptilolite-treated mice. The authors postulated that probably for this reason the gain in body
weight until weaning was decreased and a higher rate of mortality between days 8 and 21 of the
neonatal period was observed. However, there were no differences between control and treated
animals that would suggest reproductive toxicity attributable to the clinoptilolite administration.

Kyriakis et al. (2002) conducted a study with 240 crossbred gilts and sows divided equally into two
groups, and 2% clinoptilolite incorporated into the feed of one group. The sows and gilts of each group
were offered the experimental diets from weaning (or from age of 6 months for the gilts), during
service, pregnancy and lactation and up to the date of service of the next reproductive cycle. All sows
and gilts and their litters were monitored daily. No adverse or side effects were noted in the sows that
were on the clinoptilolite-enriched diet. They showed normal estrus behavior during the breeding
period and gave rise to a slightly better farrowing rate (92.5%) compared to the control group (85.8%).
No teratogenic effects were reported.

In a second study (Kyriakis et al., 2002), twenty-four crossbred sows (Large White x Landrace) were
divided into two equal groups, the experimental group being offered feed incorporating 2%
clinoptilolite. The study was maintained for a complete reproductive cycle (day of weaning up to the
day of weaning of the next reproductive cycle). Blood samples were collected from each sow on the
first day of the study, on days 30 and 90 of pregnancy, at parturition and at weaning. Serum parameters
measured included vitamins A and E, inorganic phosphorus, potassium, copper and zinc. The dietary
use of clinoptilolite at the inclusion rate of 2% did not provoke any adverse effect on sows/gilts health
status and did not provoke any interactive effect on the availability of the dietary mineral elements
and vitamins, although the level of vitamin E was found to be slightly lower in the experimental group.

6.4.7 Supplementary animal safety information

The clinoptilolite used in several of the animal safety studies reviewed above is similar in purity and
chemical composition to the Zeocem clinoptilolite which is the subject of this notice (Table 6.3). In
addition, the Zeocem clinoptilolite contained in ZeoFeed® products is considered to be safe when used
as an anticaking agent according to the criteria set forth in the EC/EU Commission Regulations for the
addition of clinoptilolite to animal feed (EC, 1999, 2005; EU, 2013, 2018).
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Table 6.3 Comparison of Zeocem clinoptilolite and clinoptilolite used in animal safety studies
Reference Zeocem ? Pond and Yen (1983a,b)® Pavelic et al. (2001)
Animals Ruminants, swine, poultry Rats Mice and rats
and pets
Parameter Composition {%)°
Purity 86-92 85-87¢ 85¢
SiO2 65.0-71.3 63.4-63.6 50-55
Al203 11.5-13.1 12.2-12.6 9.3-114
Ca0 2.7-52 3.0-34 13.7-17.2
Naz0 02-13 14-25 08-1.1
FezOs 07-21 13-19 22-28
Kz0 22-34 1.1-23 29-43
MgO 06-1.2 1.5-1.7 0.8-1.2
TiO2 0.1-03 0.1-0.3 0.14-0.22
Si:Al {ratio) 48-5.4 40-4.1 48-54
Particle size 0.01-25mm NG 1.5-3.0um
2 Clinoptilolite sourced from Zeocem’s mine in Nizny Hrabovec, Slovak Republic {Appendices 2.1 and 2.2).
b Pond et al. (1983b) stated that the compaosition of the clinoptilolite used in the toxicity study was analyzed
by Sheppard and Gude Il {1982); the same analytical data is reported in Gude Ill and Sheppard {(1988).
¢ Mineral composition of reported oxides.
4 Estimated amount; calculation based on dated provided in the respective study.
NG - Not given.

6.5 Consumer Safety

Ordinarily, a GRAS notice will address the human dietary consumption of a component of animal feed
because of the potential risk to human health due to consumption of animal products and tissues in
which the component could be present. However, as the studies reviewed in Section 6.4.1 make
evident, there is no need to determine the estimated daily intake for human consumption for
clinoptilolite because the substance is excreted by the animal as part of its normal physiological and
digestive processes. No data could be found in the scientific literature that would indicate any potential
acute or chronic health risks to humans who have consumed animal products from animals that were
fed diets containing clinoptilolite. The use of clinoptilolite as an anticaking agent in animal feed in the
EU was authorized over 15 years ago. To date, there have been no reports of any adverse effects on
consumer safety.

Moreover, because clinoptilolite is a natural crystalline aluminosilicate mineral of sedimentary origin
it belongs to the same category of silicates that are classified as GRAS when used as anticaking agents
in animal feeds (Sections 6.1.1 - 6.1.3) and is considered safe for use in animal feeds in Europe,
(Sections 6.1.5) no safety concerns for consumers need to be addressed.

6.6 Summary and Conclusions

The data and scientific information presented in this document demonstrate that the clinoptilolite
which is the subject of this notice has similar physiochemical properties as those silicates
{aluminosilicates) listed to be GRAS when used as anticaking agents.

An extensive review of the scientific literature on feeding studies has shown that animal data for
poultry and monogastric, ruminant and laboratory animals fed clinoptilolite at levels of 1% or higher
of the diet did not indicate any safety issues that could have a negative impact on the health and
performance. Some statistically significant changes that have been reported at the use levels of 2% are
usually not adverse and therefore do not raise safety concerns. Furthermore, many data have been
reported for substances of different origin and composition. Such data needs to be considered,
however, as it is not directly applicable to the clinoptilolite described in Part 2 of this notification.

The data reviewed strongly support the premise that the purity and mineral composition of Zeocem
clinoptilolite is similar to the purity and composition of other sources of clinoptilolite used in those
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past animal feeding and safety trials for which no safety concerns were indicated for animal
performance or health.

Thus, based on the information provided in this GRAS notice and the scientific procedures discussed
herein, the Notifier submits that the Zeocem clinoptilolite of sedimentary origin contained in ZeoFeed®
animal products fully meet the criteria of being GRAS when it is used as an anticaking agent at levels
not exceeding 1% of the diet, in accordance with good manufacturing practices.
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7. DATA AND INFORMATION USED IN THE NOTICE

As stated in Part 6, the data and information used in this GRAS Notice are listed separately according
to those documents which are generally available and those which are not. Documents that are
generally available are listed below in Section 7.1 using standard bibliographic citations.

Those documents that are not generally available are listed in Section 7.2 using the respective names

of the Appendices.

7.1 Documentation Generally Available

21 CFR 25.32(f). Foods, food additives, and color additives (see GRAS environmental exclusions).

21 CFR 182.2122. Subpart C, Anticaking agents. Aluminum calcium silicate.

21 CFR 182.2727. Subpart C, Anticaking agents. Sodium aluminosilicate.

21 CFR 182.2729. Subpart C, Anticaking Agents. Sodium calcium aluminaosilicate, hydrated.

21 CFR 184.1210. Calcium oxide.

21 CFR 186.1374. Iron oxides.

12 CFR 509.30. Temporary tolerances for polychlorinated biphenyls (PCB'’s).

21 CFR 570.30. Eligibility for classification as generally recognized as safe (GRAS).

21 CFR 573.940. Silicon dioxide.

21 CFR 582.80. Trace minerals added to animal feeds.

21 CFR 582.1210. Calcium oxide.

21 CFR 582.2122. Subpart C, Anticaking agents. Aluminum calcium silicate.

21 CFR 582.2727. Subpart C, Anticaking agents. Sodium aluminosilicate.

21 CFR 582.2729. Subpart C, Anticaking Agents. Hydrated sodium calcium aluminosilicate.

AAFCO. 2016. 2016 Official Publication. Association of American Feed Control Officials, Inc. Oxford,
Indiana. (632 pages).

Abdela, N. 2016. Sub-acute ruminal acidosis (SARA) and its consequence in dairy cattle. A review of
past and recent research at global prospective. Achievements in the Life Sciences 10(2):187-196.
Adamis, Z., Tatrai, E., Honma, K., Six, E. and Ungvary, G. 2000. In vitro and in vivo tests for
determination of the pathogenicity of quartz, diatomaceous earth, mordenite and clinoptilolite.

Annals of Occupational Hygiene 44(1):67-74.

Adhikari, B., Howes, T., Bhandari, B.R. and Truong, V. 2001. Stickiness in foods. A review of
mechanisms and test methods. International Journal of Food Properties 4(1):1-33.

Akkoca, D.B., Yugwn, M., Ural, M., Akgin, H. and Mergen, A. 2013. Hydrothermal and thermal
treatment of natural clinoptilolite zeolite from Bigadig, Turkey: An experimental study.
Geochemistry International 51(6):495-504.

Alcala-Canto, Y., Gutierrez-Olvera, L., Gutierrez-Olvera, C. and Sumano-Lopez, H. 2011. Effects of
clinoptilolite on Eimeria spp. Infection in sheep. Small Ruminant Research 100(2):184-188.

Alexopoulos, C., Papaioannou, D.S., Fortomaris, P., Kyriakis, C.S., Tserveni-Goussi, A., Yannakopoulos,
A. and Kyriakis, S.C. 2007. Experimental study on the effect of in-feed administration of a
clinoptilolite-rich tuff on certain biochemical and hematological parameters of growing and
fattening pigs. Livestock Science 111(3):230-241.

Alver, B.E. 2013. A comparative adsorption study of C;Hs and SO, on clinoptilolite-rich tuff: Effect of
acid treatment. Journal of Hazardous Materials 262:627-633.

Ames, Jr., L.L. 1960. The cation sieve properties of clinoptilolite. American Mineralogist 45:689-700.
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Appendix 2.3-EFSA-2013-Clinoptilolite Flowability

Appendix 2.3. Effect of clinoptilolite on the flowability of different feedingstuffs
- . a .
Type of feed Fee?X;;%tt:‘I;)sue Clinoptilolite (%) (:;ﬁ;?gsagr::)b Flow factor®
0 - 6.4
1 - 9.7
Piglet 0.39 2 - 115
0 + 2.2
1 + 2.9
2 + 2.8
0 - 4.5
Piglet 0.46 2 - 4.8
0 + 1.9
2 + 2.6
0 - 14.0
Sow 0.70 2 - 10.7
0 + 1.7
2 + 2.1
0 - 36.7
1 - 145
Cattle 0.58 2 - 50.9
0 + 2.1
1 + 2.2
2 + 24
0 - 13.0
Layer 134 2 - 26.8
0 + 2.3
2 + 4.0
Dog 0.23 0 - 3.0
2 - 4.0
0 - 4.2
Cat 0.19 2 - 5.1
0 + 25
2 + 2.8
? Expressed as the median diameter of 50 % of the particles.
° Storage time of one day in a translation shear cell with 1.5 kg load at ambient conditions (18 °C; 60 % relative
humidity).
¢ According to Jenike (1967).
Adapted from EFSA (2013).










Table 2.5.1 Plan of control system in own laboratory — ZEOCEM (continued)
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" } Grounds:

.~ According to the request for registration of a feed plant, which was served on the Control Institute, the
. application was analyzed and the conclusion is that all the feed plant is in conformance with the registration
¢, terms and therefore hereby the certificate of registration has been issued to the feed plant. The feed plant will be
i deleted from the register if at least one point of sec. 3 § 4 of the act n.271/2005 coll.

. Instruction:
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1. Identification of the substance/mixture and of the company/undertaking

1.1 Product idéntifier- .

('Trade narme of the preparation )

Clinoptilolite of sedimentary origin (1g 568)
with trade name ZeoFeed

1.2 Relevant identified uses of the substance or *
‘mixtuie and uses ddviSed against

. ] Category:
| Functional group: g, “Binders,“

ZeoFeed is registered feed additive from:
“Technological additives”

i, .anticaking agents”

| Active substance:

| Clinoptilolite (Hydrated Aluminosilicate) of sedimentary origin

‘| Based on the selective adsorption effect, it binds harmful substanc-

| es (ammonia, NH4*, cadmium, lead and mycotoxines) in the diges-
| tive tract of animals. It adsorbs unwished substances of the paunch

| fermentation, and thus contributes to the pH stabilization in the
‘| paunch — buffer effect. It binds unbound water in the feed, and thus

| decreases the risk of fungus creation. The ammonia load from
| excrements and urine is reduced in the stable.

.1.3 Details of the suppiier of the safety data
sheet . .

( Manufacturer, owner of the preparation
Tegistration for protection-of stored stocks)

| ZEOCEM, as.

094 34 Bystré 282, Slovak Republic

| Tel. No.: 00421 / 57 / 4452414

Fax No.: 00421 /57 / 4452679
E-mail: zeocem@zeocem.sk

1.4 Emergency telephone-nuniber

Toxicological information centre

Slovak Toxicological Information Centre (Néarodné toxikologické in-
formaéné centrum)

| University Hospital Bratislava (Univerzitnad nemocnica Bratislava), work-

place Kramére

Industrial Medicine and Toxicology Clinic (Klinika pracovného lekarstva
a toxikolégie)

Limbova 5, 833 05 Bratislava

Tel. No.: +421 2 54652307

Mobile: +421 911 166 066

Fax. No.: +421 2 54774605

e-mail: ntic@ntic.sk

2. Hazards identification

2.1 Classification. of the sub3tance or miXture

| Product ZeoFeed is produced from natural zeolite of
clinoptilolite type. Clinoptilolite (Hydrated
| Aluminosilicate) of sedimentary origin.

It is substance which occur in nature. It is substance
| according to AnnexV Regulation (EC) No 1907/2006
of the European Parliament and of the Council (exemp-
tions from the obligation to register in accordance with
article 2(7)(b).
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| This substance is not stated in Schedule No. I of Di-

rective No. 67/548/EHS in DSD (Dangerous Substance
Directive) and it has not the prescribed classification in
compliance with this Directive.

This substance is not stated in Table No. 3.1 of Sched-
ule No. VI of Directive ES No. 1272/2008 on classifi-
cation, labelling and packing of substances and mix-

| tures, and on alteration, amendment and cancellation of

Directives No. 67/548/EHS and No. 1999/45/ES and
on alteration and amendment of Directive (ES) No.

| 1907/2006 and it has not any prescribed “harmonized”
| classification in compliance with this Directive.

2.2 Label clements .

'according to Directive No. 67/548/EHS DSD

‘according to DiFettive (ES) No. 12722008 -

ES Classification :

This substance has not any prescribed classification ac-
cording to Directive No. 67/548/EHS DSD

Based on his own decision, the raw material’s manufacturer
labelled the substance in the following way, as follows:
Warning dangerousness symbol: it is not given
R-sentences: it is not given
S-sentences:
S2  Keep it out of range of children.
S 36/37 Wear the suitable clothing and gloves.

GSH classification:
| This substance has not the prescribed classification ac-
| cording to Directive (ES) No. 1272/2008.

'| Based on his own decision, the raw material’s manufac-
| turer labelled this substance in the following way, as

follows:
GSH pictograms: it is not given
Warning word: it is not given

| Warning notice: it is not given

Safety notice — prevention:
P 102: Keep it out of range of children.
P280:  Wear the protective gloves / protective clothing /

'| protective glasses.

Safety notice — response: it is not given
Safety notice — storage: it is not given

Safety notice — disposal: it is not given

3.1 Substaiicés

3. Composition/information on ingredients

Trade name: ZeoFeed
| Composition: 100 % natural clinoptilolite/

‘ Clinoptilolite (Hydrated Aluminosilicate) of sedimentary origin.

3.2 . | CAS Number 12173-10-3
Molar mass: not specified




ZEOCEM, a.s. Bystré

- Safety DataSheets |

Date of preparation:
16 May 2001

Preparation: Clinoptilolite of sedimentary origin
(1g 568) with trade name ZeoFeed

Date of revision:

09.06.2004, 05.12.2005,
29.05.2007,15.08.2010,30.11.2010,
19.01.2012.
16.01.2013,21.07.2013,
21.02.2014, 13.02.2015

Page 3 from 8

4. First aid measures

If any ailments-are manifést, or'in case of‘any doubts, a:doctor should be informed abouit it and information, as

per this Safety Data sheet, should be provided withhim. . ., o

Type of hazard Acute danger | Prevention . First aid

Aspiration It is not specified. By means of the technical |Fresh air, and take medical

measures to ensure that the [advice.
NPEL of dust does not exceed 5
mg / m® in the closed rooms
(warehouses). Where it is not
possible to ensure temporarily
these conditions, it is necessary
to use, for protection of respira-
tory track, the anti-dust respira-
tor.

Skin It does not repre-| To use the protective gloves and | To wash the affected place
sent any risk after | protective clothing. with water and soap.
repeated skin ap-
plications and it is
not absorb by skin
in the harmful
quantity.

Eyes It irritates very | To use the protective glasses. To wash the eyes with huge
mildly and short — amount of water during
lasting the con- several minutes, and to take
junctiva mucosa. medical advise.

Intake It is not specified. | Do not eat and drink at the|To drink 0.5 1 of drinking
workplace. After work comple- [ water, or lukewarm water
tion, to wash your hands. with suspension of the acti-

vated charcoal. Take medi-
cal advice.

5. Firefighting measures

5.1 Extingiishing media

| Material is not inflammable. Shall be necessary to be adapted to the substances
| stored in their close proximity.

 from the substance or
mixture

5.2 Special hazards arising. |

J

It is not specified

5.3 Advice for ﬁ;l'eﬁig'hvters

It is not specified

Othier ififorfation

It is not specified

6. Accidental release measures

/6.1Personal precautions, protective equip-
‘ment and emérgency procediires

Personal preventive actions ( safety measures for protection of per-
sons):
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To use the personal protective means, and to not breath in any dust.

Environmental precautions:

Before its adsorption, the pure Zeolite ( without any other mixtures )

| can be worked into the soil, because Zeolite is the registered soil auxil-
iary substance. Zeolite does not contaminate even water — it can be

-| also discharged into the sewerage ( Zeolite is used as an adsorbent for

| treatment of drinking water and also for clarification of waste water ).
Zeolite is not a dangerous waste !

6.2 Environmental p'r_ec.aut,ion,s

‘6.3 Methiods and material for contamment ‘| Mechanically, residues of Zeolite ( without any other additives ) can be
and cleaning up | worked into the soil ( Zeolite is the certified soil auxiliary substance ),
: | or discharged into the sewerage.

After its through emptying, the used packs from this preparation should
be handed over into the separated collection, or to the approved refuse

{ incinerating plant.
7. Handling and storage
7.1 Precautions for safé - from the view of safety and health protection in working, the employees must use
‘handling " [ the personal protective means during manufacturing of this preparation and applica-

tion thereof,

- the working environment, during manufacturing of this preparation and handling
with thereof, must be ensured in such a way so that the NPEL of dust has not been
exceeded in the air,

- the employees must be instructed about product, and they must follow the principles
of heath and environment protection.

72 Condifio;xs fo} safe This product must be stored in the original and undamaged and closed packs, and in
storage, including any dry, hygienically clean, and in good ventilated and covered warehouses, and sepa-
incompatibilities' rately from foodstuffs. In case of packing for small customers, it should be also

| stored separately from medicaments and desinfecting agents.

8. Exposure controls/personal protection

8.1 Control pafameéters:

Components _ ‘ s o :
Base Value . Limiting value . _ Exp'osition limiting valiie
Itisnotgiven _ Ttisnot given _tis Dot g;ve R _ltisnotgiven .

8.2 Tnspections of expc exposmon - Pérsonal p protectlve means:
In the form of dust.(-aero-dispersed system ) in the working envuomnent, it is. riecessary’ 'to-assess.Zeolite as a

substance with predominantly fibrous efféct ( respiration limit is 5 pm ). NPEL of dust for the working envi-

ronment is 5 mg. m'3 The workplaces shall be dustexhausted, or ventllated insucha way. s0 that the maxi-

inum dust concentration is 5 mg.m" * ofair. Where it is not possible‘to provide temporarily these conditions, the
personal protective working means. ( protective clothing . and shoes, respirator with-dust separator, protective.

9. Physical and chemical properties

9.1 Informatlon on ‘basic physmal and chemlcnl

properties

Stateat20°C - . |Solid

Colour . ) ' ' Light greyish green
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-Aroma, malodour

| No aroma and malodour

pH _

Boiling temperature e __.. | No information is available.

Flash point: - Up to 600 °C neg.

Ignition temperature Settled dust —up to 600 °C neg., raised dust —up to 800 °C

neg.

Exploswe limits: (volume % _m_the air )

| Non-explosive.

‘Specific weight.(kg/m® )

2200-2440

‘Ogxidation propertles No information is at disposal.
:Steam:pressure -| No information is at disposal.
'Solubility _ No information is at disposal.

'Solubility in water

| No information is at disposal.

Distributive coefficient n-octane /’ water

| No information is at disposal.

‘Viscosity. ... | Noinformation is at disposal.
"Vapour ¢ den51ty T No information is at disposal.
Ey_ap,oratior’r rate | No information is at disposal.
9.2 Other information _

‘Miscibility No information is at disposal.
Fat solubility _ .| No information is at disposal.
Conductivity - B No information is at disposal.
‘Melting point 1340 °C

IAutmgmtlon temperature .| No information is at disposal.

10. Stability and react1v1ty

-10:1 Reactivity _

No information is at disposal

'10.2Chemical sta‘lrnhty

No information is at disposal

10.3Possibility of hazardous reactionss

| No information is at disposal

10.4 Conditions to avoid.

No information is at disposal

 10.5Incompatible » materials

No information is at disposal

10.6 Hazardous_ decomposmon Jproducts

| No information is at disposal.

11. Toxicological information

Information on toxicological effects -

No information is at disposal.

Actite toxicity for substance

LD 3o

It was not possible to determine the value of acute oral LDsq.
After application of dose of 20.000 mg/kg, no animal has died.
It is not possible to apply higher doses.

It was not possible to determine the value of acute dermal
LDso. After application of dose of 5.000 mg/kg on the cut back
skin of experimental animals, no animal has died. It is not
possible to apply higher doses.

Egye irritability

It irritates very mildly and short-lasting the conjunctiva muco-
sa.

|/ Apart from the mild congestion after two (2) hours after ap-
{ plication of the preparation, which has disappeared within 24
hours, no inflammation changes of conjunctiva mucosa have

.| been observed there /.

Skin irritability

Zeolite does not cause any inflammation changes on the intact
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| or damaged skin, as well as any other indications of toxicity,
| even after multiple applications thereof.

Influence on live organisms | Zeolite can be classified as a substance, which is low toxic up

: to harmless substance. It does not represent any risk even after
| repeated skin applications, and it does not absorb by skin in the
| harmful quantity. It irritates very mildly and short — lasting
the conjunctive mucosa.

skin corrosion/irritation | Zeolite does not cause any inflammation changes on the intact
‘ : or damaged skin, as well as any other indications of toxicity,
| even after multiple applications thereof.

" serious. eye damage/lrntatlon‘ It irritates very mildly and short-lasting the conjunctiva muco-
sa.

/ Apart from the mild congestion after two (2) hours after ap-
plication of the preparation, which has disappeared within 24
hours, no inflammation changes of conjunctiva mucosa have
been observed there /.

_ resplratory or skin sensitisation | No information is at disposal.

germ cell mutagemc1ty No information is at disposal.

carcmogemc1ty_ No information is at disposal.

reproductlve tOXlClty No information is at disposal.

STOT-single exposure No information is at disposal.

STOT-r _Reated exposuire | No information is at disposal.

aspu-atlon ‘hazard | No information is at disposal.

:Other TiifoFmation: Even other dangerous properties can not be eliminated.
' : It is necessary to handle with this product with such caution
like with chemicals.

12. Ecological lnformatlon

112.1 Toxicity :

The results. obtained by testmg of Zeolite -of Clmoptllohte type did: not enable to define the LC 50 for fish and’
daphnia, because the tested animals have survived the maximum concentrations: exceedmg the linits fot classifi-

cation of the preparation into the group of substances “for fish and other animals it is alinost non-toxic”.

Based on the 96-hour static and acute toxicity tésts.on fish ( Cypfifius cafpio L., Poecilia reticulata Peters ) and-

24-hour acute and immobilization test on daphnia ( Daphnia magna Straus ), the natural Zeolite was classified as
to be a substance almost non-toxic for fish.and daphnia ( Fmal Report of research No. 53/NRL/T=102 ).

Pursuant to the expert’s op1mon of the NRL for pesticides UVM Koslce No. 265/2004 NRL/P 1219 rekl., the
natural Zeolite is. “relatively innocuous for domestic animals, livestock and free living animals” ( Z4), “for fish

and other water animals, it is almost non-toxic” ( Vo4 ), and “for- birds, in case of exceedmg the prescribed doses:

or concentrations, it is relatlvely ‘harniless” ( Vt5 ). It is not suitable for: earthworii. populatlon
Zeolite_of Clinoptilolite type is registered as feed additive (12568).

"12.2 Persistence and. ggradablhtyWA i) NO information is at disposal.
- 12.3 Bioaccumulative potentlal, - | No information is at disposal.

_Mobility in soil - L No information is at disposal.

A " 12.5-Results of PBT and vPvB assessment No information is at disposal.
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12.6 ‘Otheradverseeffects. . . | No information is at disposal.

13. Disposal considerations

Waste treatinent methiods : _ o : -

The method of waste disposal — mechanically. The residues: of Zeolite ( without any other additives ) can be
mixed in the soil, because Zeolite is registered as-the soil aux111a.ry substance. Zéolite does not. contarnmate even
water — it can be also washed away into the sewerage. Zgolite is nota dangerous waste!

14. Information about transport

Sea transport ( IMDG ):
UN No.:

UN proper shipping name: ,
Transport hazard class(es): .| No information is at disposal.
Packing group: ' '
Environmental hazards:

Special precautions for:useér:

Transport in bulk according to Annéx IT of MARPOL
73178 :and the IBC Code =

Land transport ( ADR):
‘UN No.:

UN proper shipping name:
 Transport hazard class(es): No information is at disposal.
Packing group:

'Environmental hazards:

'Special precautlons for user:

“Transport in bulk according to Annex II of MARPOL
73/78 and the IBC Code :

‘Railway tranSport ( RID):
UN No.:

'UN proper shipping natiie:
‘Transport hazard class(es): No information is at disposal.
Packing group; '

.Environmental hazards:

Special precautlons for user:

Transport in bulk according to Annex II of MARPOL
73/78 and'the IBC Codeé :

Air transport ( ICAO/IATA )
"UN No.:

UN proper shipping name:
Tr'ansport.h_azard class(es): | No information is at disposal.
Packihg group: ‘
Envitoniental hazards:

Special: precautions: for user:

Transport il bulk accerding to Annex I1 of MARPOL
73/78 and thie IBC Code :

15. Regulatory information

"Label elements::
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accordinig to Directive No. 67/548/EHS. DSD

iccording to Directive (ES):No. 127212008

ES Classification :

| This substance has not any prescribed classification ac-
| cording to Directive No. 67/548/EHS DSD

Based on his own decision, the raw material’s manufacturer
labelled the substance in the following way, as follows:
Warning dangerousness symbol: it is not given
R-sentences: it is not given
S-sentences:
S2  Keep it out of range of children.

1S 36/37 Wear the suitable clothing and gloves.

GSH classification:

‘| This substance has not the prescribed classification ac-

cording to Directive (ES) No. 1272/2008.

Based on his own decision, the raw material’s manufac-
turer labelled this substance in the following way, as

| follows:

GSH pictograms: it is not given

Warning word: it is not given

Warning notice: it is not given

Safety notice — prevention:

P 102: Keep it out of range of children.

P280:  Wear the protective gloves / protective clothing /
protective glasses.

Safety notice — response: it is not given

Safety notice — storage: it is not given

Safety notice — disposal: it is not given

‘Warning designation

Handling with it is in conformity with good operational
hygiene, and principles of safety and health protection
in working.

16. Other information

The Security Card contains the data necessary for ensuring the safety and health protection in
working and environment protection. The given data corresponds to the present state of
knowledge and experience, and they are in conformity with the legal regulations. The par-
ticular conditions of using this product at the consumer, however, they are outside of the
range of our surveillance and control. The customer is responsible himself/herself for ob-

servance of the security provisions.

This Security Data Card has been revised and reworked according to the Regulation of
the European Parliament and Council (ES) No. 1907/2006 on registration, evaluation,
authorization and limitation of chemical substances (REACH).
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