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A petition is a request to amend the USDA National Organic Program’s National
List of Allowed and Prohibited Substances (National List).

Any person may submit a petition to have a substance evaluated by the National
Organic Standards Board (7 CFR 205.607(a)).

Guidelines for submitting a petition are available in the NOP Handbook as
NOP 3011, National List Petition Guidelines.

Petitions are posted for the public on the NOP website for Petitioned Substances.

Technical Report

A technical report is developed in response to a petition to amend the National
List. Reports are also developed to assist in the review of substances that are
already on the National List.

Technical reports are completed by third-party contractors and are available to the
public on the NOP website for Petitioned Substances.

Contractor names and dates completed are available in the report.
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Kaolin

Handling/Processing

Identification

Chemical Names: 13 Trade Names:
Al>S1,05(OH)4; aluminum silicate dihydrate; 14 1149 USP; Kaolin KR USP; Surround® WP
aluminum silicate hydroxide; hydrated aluminum 15
silicate 16 CAS Numbers:

17 1332-58-7
Other Name: 18
argilla bianca; Bolus alba; China clay; colloidal 19 Other Codes:
kaolin; French white clay; heavy kaolin; kaolin 20 E559
clay; kaolinite; light kaolin; white cosmetic clay 21 EC#310-194-1

22 RTECS#GF1670500

23

Summary

This limited scope technical report provides updated information to the National Organic Standards Board (NOSB)
to support the sunset review of kaolin, listed at 7 CFR 205.605(a)(15). This report focuses on uses of kaolin in
organic processing and handling, as an ingredient in or on processed products labeled as “organic” or “made with
organic (specified ingredients or food group(s)).”

Kaolin was included on the National List of Allowed and Prohibited Substances (hereafter referred to as the
“National List”) with the first publication of the National Organic Program (NOP) Final Rule (65 FR 80548
December 21, 2000). The NOSB has continued to recommend its renewal in 2007, 2012, 2017, and 2022 (NOSB,
2009, 2010, 2015, 2020).

As kaolin is listed at 7 CFR 205.605(a), only nonsynthetic forms are allowed. Kaolin is listed without further
annotation limiting its use. The FDA considers kaolin to be Generally Recognized as Safe (GRAS)

(21 CFR 186.1256) as an indirect food additive, and it is a common ingredient in paper and paperboard materials
that processors use for food packaging.!

In practice, kaolin appears to have niche uses in organic food production. We base this conclusion in part on public
comments submitted in support of the sunset reviews of kaolin during the 2015 and 2020 NOSB meetings.
Consequently, we found limited information specific to the evaluation questions requested. Based on these
comments and other public sources, kaolin is used in organic production:

e asan ingredient in personal care products?

e as a filtration component in the manufacture of juices

In 2015, a representative from Smucker Natural Foods stated that kaolin was essential for filtering organic juices
(Dietz, 2015). Other commenters noted its use to prevent sunscald in fruit, a use that is not related to the handling
scope. The Juice Products Association provided comments in 2015 and 2020, stating that kaolin was used in the
production of juices, juice beverages, and juice products, but without further specifics (Juice Products Association,
2015, 2020).

In 2020, one certifier commented that six operations listed kaolin on their OSP for personal care products
(California Certified Organic Farmers, 2020). Viseras et al (2021) describe kaolin as a filler, additive, and functional
ingredient in personal care and cosmetic products. Another certifier stated that three operations listed kaolin on their
OSP (Pennsylvania Certified Organic, 2020); however, they did not specify how kaolin was used.

! The FDA describes indirect food additives as follows: “In general, these are food additives that come into contact with food as part of
packaging, holding, or processing, but are not intended to be added directly to, become a component, or have a technical effect in or on the food.
Indirect food additives mentioned in Title 21 of the U.S. Code of Federal Regulations (21 CFR) for use in food-contact articles include adhesives
and components of coatings (Part 175), paper and paperboard components (Part 176), polymers (Part 177), and adjuvants and production aids
(Part 178). Currently, additional indirect food additives are authorized through the food contact notification program. In addition, indirect food
additives may be authorized through 21 CFR 170.39” (US FDA, 2024).

2 According to the USDA, personal care products (as well as cosmetics and body care products) are eligible for USDA organic certification and
labelling if they contain agricultural ingredients and can otherwise meet USDA organic standards (USDA, 2008).
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Some uses reported for kaolin in the past do not require that kaolin be listed at § 205.605. For example, the authors
of the 1995 TAP report on kaolin and bentonite note that kaolin is used in paper and paperboard materials that come
in contact with food (NOSB, 1995). However, the organic regulations do not require substances used in food
packaging to be reviewed under the handling/processing scope. The USDA organic regulations only specify that
packaging materials, storage containers, and bins not be treated with synthetic fungicides, preservatives, or
fumigants (§ 205.272):

(b) The following are prohibited for use in the handling of any organically
produced agricultural product or ingredient labeled in accordance with subpart D
of this part:
(1) Packaging materials, and storage containers, or bins that contain a
synthetic fungicide, preservative, or fumigant;
(2) The use or reuse of any bag or container that has been in contact with
any substance in such a manner as to compromise the organic integrity
of any organically produced product or ingredient placed in those
containers, unless such reusable bag or container has been thoroughly
cleaned and poses no risk of contact of the organically produced product
or ingredient with the substance used.

The 1995 TAP report also states that kaolin can be used as an anti-caking agent in processed food. While kaolin can
function as an anti-caking agent (United States Pharmacopeial Convention, 2008), current FDA regulations do not
include kaolin as a food additive for direct addition to food for human consumption as an anti-caking agent

(21 CFR 172). Furthermore, we found no publicly available evidence that kaolin is commonly used as an anti-caking
agent in human foods at the present time.

Additional reported uses of kaolin relevant to the processing and handling scope include:
e post-harvest pest control of stored grains (El-Shewy et al., 2024; Golob, 1997)
e clarification of fruit wines (Awe, 2018; Minh, 2022)
e filtration of seed oils (Wang et al., 2021)

As a post-harvest pest control material, kaolin is allowed because of its inclusion at § 205.605(a), but also because it
conforms to the requirements noted within NOP 5023 (NOP, 2016). In NOP 5023: Guidance, Substances Used in
Post-Harvest Handling of Organic Products, the NOP describes the compliance of materials used for post-harvest
pest control. Producers can use natural (nonsynthetic) substances (such as kaolin) that are allowed for use in crop
production as a post-harvest handling material, regardless of whether they are present at § 205.605(a).

Background

“Kaolin” is a generic term with multiple levels of meaning in common usage (Dill, 2016; King, 2009; Kogel, 2014;
Murray, 2007; Murray & Keller, 1993).

o In clay science, kaolins are a particular group of hydrated aluminum silicate minerals with the formula
Al,Si,05(OH)4 and a simple structure in which each layer comprises one silica sheet and one alumina sheet
held together by shared hydroxyl groups (King, 2009; Murray, 2007). Kaolinite is the most abundant of
the kaolin minerals.

e  More generally, kaolin refers to a type of pale-colored clay rock that is rich in kaolinite. Kaolin clays are
formed by weathering and/or hydrothermal alteration of granites and rhyolites. Kaolin is common
worldwide and is mined on almost every continent (Dill, 2016; Kogel, 2014; Murray & Keller, 1993).

Kaolin clay deposits contain a wide variety of other minerals (such as iron oxides, mica, and quartz) and organic
(carbon-based) material in varying proportions (Murray, 2007). Kaolin products undergo a wide range of treatments,
depending on the composition of the mined mineral source and the product’s intended application (Schroeder,
2018). Treatments range from simple crushing, sieving, and water washing to sophisticated refinement techniques
such as magnetic separation, delamination, and chemical removal of impurities.* Manufacturers use both wet and
dry processing methods to produce highly purified, fine-grained kaolinite powder without altering its natural
physical and chemical properties (Murray, 2007). Such kaolin products are nonsynthetic, nonagricultural materials,
consistent with kaolin’s listing at 7 CFR 205.605(a)(15).

3 This describes the chemically bound water present between the alumina and silica sheets.
4 Kaolin particles naturally consist of stacked layers, or plates. Delamination separates these stacks into individual plates.
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Technical Report Kaolin Handling/Processing

Refined kaolin encompasses a range of particle sizes. Nano-size clay particles (i.e., those <100 nm in diameter) are
abundant in nature and can be produced using methods that do not fundamentally alter the properties of the mineral
(Deshmukh et al., 2023). Tan et al. (2017) analyzed the particle size distribution of a dry kaolinite powder frequently
used as a reference mineral. They reported that 10-15% of the particles were smaller than 0.1 pM (100 nm), thus
falling into the nanoscale range. In practice, kaolin manufacturers do not routinely evaluate the particle size
distribution for the fraction smaller than 2 uM (Tan et al., 2017), so the presence or quantity of nano-size clay
particles in a given product is likely to be unknown. NOP Policy Memorandum 15-2 (NOP, 2015), which addresses
the use of nanotechnology in organic production and handling, notes that nanomaterials can occur naturally or as
byproducts of processing, such as homogenization and milling. Such “incidental” nanomaterials, including the
nanoscale particles that may be present in nonsynthetic kaolin products, are not prohibited in organic processing and
handling (NOP, 2015).

The authors of the 1995 TAP report on kaolin and bentonite (NOSB, 1995) state that kaolin “can be calcined in a
kiln to produce a fine powder,” but they do not further distinguish between calcined and non-calcined kaolin.
Calcination is an additional processing step that improves the brightness and opacity of kaolin for uses in paper
filling and coating and other specialized applications (Murray, 2006). Metakaolin, formed from calcining kaolin, has
a different chemical structure. As such, we consider it a different material than kaolin.

To calcine kaolin, manufacturers heat kaolin (A12Si,Os(OH)4; CAS No. 1332-58-7) in a kiln or calciner.
Dehydroxylation (the release of hydroxyl groups) is the first step of calcination and typically occurs at temperatures
between 400 °C—650 °C (Zunino & Scrivener, 2024). Kaolin is a 1:1 ratio clay, with a stacking crystal structure
where each layer includes one silicate and one aluminate sheet (Zunino & Scrivener, 2024). The calcination of
kaolin leads to the destruction of the kaolin sheet structure, creating an amorphous material, metakaolin (Al,Si,07;
CAS No. 15123-81-6) (Daou et al., 2020). The degree to which this conversion happens depends on the specifics of
the heating conditions (e.g., heating rate and maximum temperature). In one study, scientists found that above

550 °C only metakaolin remained (Daou et al., 2020).

According to an ACA best practices guide, metakaolin produced from calcining kaolin “at a high temperature” is
synthetic (Accredited Certifiers Association, 2024). Furthermore, kaolin products have a high risk of being classified
as synthetic due to acid treatment (Accredited Certifiers Association, 2024). However, the ACA guidance does not
specify a temperature range, nor does it distinguish between (clearly nonsynthetic) hydrous kaolin and calcined
kaolin that has not been heated sufficiently to produce metakaolin. As a synthetic material, metakaolin is outside the
scope of this report and is excluded from the following discussion. Further, we note that whether a given kaolin
product is or is not calcined may not always be obvious to organic processors and handlers. In our limited survey of
commercial kaolin products, we found that some products labeled with CAS No. 1332-58-7 (properly applied to
kaolin) were described elsewhere as calcined kaolin.

Evaluation Questions

Evaluation Question #6: List any reported residues of heavy metals or other contaminants in excess of FDA
tolerances that are present or have been reported in the petitioned substance [7 CFR 205.600(b)(5)].

The FDA establishes “action levels” for poisonous or deleterious substances that are unavoidable in human food and
animal feed (US FDA, 2000). These include aflatoxin, cadmium, lead, polychlorinated biphenyls (PCBs), and many
other substances. The FDA uses different action level tolerances for these substances, depending on the commodity.
Commodities are largely food items; however, the FDA also includes tolerances for ceramic and metal items, such
as eating vessels and utensils. Kaolin is not included on the list of commodities with action levels (US FDA, 2000).

The Food Chemicals Codex specifies limits on impurities in kaolin as: 10 ppm arsenic and 10 ppm lead (United
States Pharmacopeial Convention, 2008). The Food Chemicals Codex does not provide specific limit values for any
additional heavy metals or contaminants in kaolin. However, the Select Committee on GRAS Substances
recommended the FDA add an upper limit for cadmium for food grade kaolin (Select Committee on GRAS
Substances (SCOGS), 1977).

Heavy metals, especially lead and cadmium, are often present in raw, whole kaolin materials, sometimes exceeding
levels regarded as safe for consumption (Bonglaisin et al., 2022; Hernandez et al., 2019). We surveyed heavy metals
lab reports from products composed primarily of kaolin, previously reviewed by OMRI. Amongst this limited subset
of data, there were two kaolin materials that exceeded the FCC tolerances for arsenic and lead.
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Technical Report Kaolin Handling/Processing

Evaluation Question #7: Discuss and summarize findings on whether the manufacture and use of the
petitioned substance may be harmful to the environment or biodiversity [7 U.S.C. 6517(c)(1)(A)(i) and

7 U.S.C. 6517(c)(2)(A)()].

Kaolin deposits occur worldwide (Kogel, 2014; Murray, 2006). As with other extractive industries, kaolin mining
heavily impacts sensitive landscapes and ecosystems (Siqueira-Gay et al., 2022; Zapico et al., 2020). Impacts of
kaolin manufacture on terrestrial and aquatic environments and biodiversity are discussed below. We found nothing
of note concerning harmful effects of kaolin use.

Effects on terrestrial environments

Mining companies extract kaolin clay mainly from near-surface deposits using open-pit methods (Kogel, 2014;
Schroeder, 2018). Open-pit mining heavily modifies large sections of the landscape, removing vegetation and soil
and degrading the soil structure (Oliveira et al., 2022). Workers then process the raw clay either on- or off-site,
leaving waste materials that may contain heavy metals and other contaminants (Jordao et al., 2002b; Nguyén et al.,
2021; Silva et al., 2003; Xiao et al., 2024).

Mining and quarrying inevitably damage biodiversity and ecosystem services. In terrestrial ecosystems, the soil,
vegetation, and animal communities are closely interdependent, making it impossible to return degraded land to its
original state (Salgueiro et al., 2020). Kaolin mining destroys the soil profile and alters soil chemistry (Lane et al.,
2020; Oliveira et al., 2022).5 Nguyen et al. (2021) analyzed soil samples near mining sites, including those for
kaolin, and concluded that soil can be contaminated with elevated levels of trace metals that persist, including zinc,
copper, and lead.

Kaolin mining generates large amounts of waste materials (Palumbo-Roe & Colman, 2010; Schwanke et al., 2022).
According to Palumbo-Roe & Colman (2010), kaolin clay mining in England generates about 10 million tonnes of
waste per year, with a 9:1 ratio of waste to extracted kaolin clay. The waste produced is generally composed of
coarse sand and rock that may either be sold as raw material or left amassed in large piles called tips. A fine slurry
waste called mica residue is the other primary waste stream and it is disposed of in large lagoons and abandoned
kaolin clay pits (Palumbo-Roe & Colman, 2010). Consequently, kaolin mining can alter physical landscape surfaces,
creating environments that are at elevated risk of flooding, runoff, and water erosion events (Duque et al., 2015;
Martin-Moreno et al., 2008; Nguyén et al., 2021; Zapico et al., 2020).

Effects on terrestrial biodiversity

In terrestrial ecosystems, kaolin mining can impact biodiversity at multiple scales, both at the mining site and across
regional landscapes (Sonter et al., 2018). However, most research has focused on site-level impacts of habitat loss
and environmental degradation. In the northeastern Brazilian Amazon, scientists analyzed the indirect and
cumulative effects of kaolin mining at a regional scale (Siqueira-Gay et al., 2022). Within their study area, the
researchers found that the cumulative change in forest cover was determined by interactions between kaolin mining,
other industrial mining, timber extraction, and agricultural land uses. In this way, kaolin mining contributes to the
loss of critical habitat in one of the most diverse ecosystems on earth.

Researchers have studied vegetative succession at kaolin mining sites in southwest England, which hosts the
distinctive and diverse Atlantic lowland heath ecosystem (Lane et al., 2020). Dancer et al. (1977) reported that
abandoned kaolin mines in the region often hosted a mix of invasive leguminous shrubs, which were better able to
tolerate the low nitrogen and poor water-holding capacity of the sandy mining wastes. Although the scientists
observed that some sites were subsequently colonized by native woodland species, the characteristic diversity and
community structure of the regional heathland did not return. More recently, Lane et al. (2020) studied former
kaolin mining sites at varying intervals of restoration (0, 2, 27, and 150 years). They found that even 150 years post-
mining, soils were lower in nutrient content and organic matter and higher in pH when compared to undisturbed
heathland soils nearby. Additionally, instead of the characteristic heathland shrub species, grasslands predominated
at the sites.

Bacteria and fungi found in the soil rhizosphere are critical to soil functions, plant establishment, and nutrient
uptake.® Gao et al. (2024) studied the rhizosphere bacteria of three native plant species in a Chinese kaolin mine.
They found that kaolin mining decreased the abundance, species richness, and functional diversity of these bacteria.
Xiao et al. (2024) studied the fungal community for the same plants and sites. The fungal rhizosphere community
also differed substantially between mined and unmined sites, with decreased species diversity and functional

5 Soil profile refers to the vertical structure of a soil from the surface down to the bedrock, consisting of distinct layers called horizons that
develop over time.

® The rhizosphere is the region of soil surrounding plant roots, within which the soil chemistry and microbiology are influenced by the
interactions between roots and associated soil microorganisms.
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diversity and altered species complements in the mined sites compared to the unmined sites. However, the effects
differed among the three plant species (Xiao et al., 2024).

In a kaolin mining center in the Czech Republic, saprophytic macromycetes were more abundant and diverse in
unmined sites than in kaolin mining sites (Walter et al., 2024).” Species known to colonize woody debris were
notably absent from recently mined sites, although they were abundant in successional communities at abandoned
quarries (Walter et al., 2023). However, parasitic and mycorrhizal fungi, which are better adapted to nutrient-poor
soils, were more prevalent in actively mined sites than in unmined or abandoned sites (Walter et al., 2024).

Invertebrates, such as insects and spiders, can be key indicators of ecosystem health. Walter et al. (2023, 2024)
studied the abundance and diversity of arthropods at active and abandoned kaolin quarries in the Czech Republic.
Among the arthropods that the scientists sampled were 21 species included on the International Union for
Conservation of Nature (IUCN) Red List of Threatened Species. The scientists reported that moths and carabid
beetles were more abundant and diverse in sites undisturbed by mining. However, active mining sites had a higher
diversity of herbaceous plants, attracting more moths that feed on these types of plants. The researchers noted that
counterintuitively, mining disturbance creates novel microhabitat islands within a forested landscape, offering
secondary refuges for declining or rare species that depend on open habitats like rocky outcrops, grassland, or
wetlands (Walter et al., 2023, 2024).

Lastly, megafauna also suffer habitat loss from kaolin mining. Cochran et al. (1999) sampled small mammal and
bird communities on successional kaolin mine sites in Georgia. Avian abundance and species richness were highest
in the earlier successional sites. However, species that nest and forage in forest interiors appeared only in the older
sites. A single species, the cotton rat, dominated the small mammal community on the reclaimed sites. Most of the
reclaimed sites hosted a monoculture of loblolly pines, resulting in a uniform, closed canopy. The scientists
concluded that these sites lacked the vegetative structure needed to sustain high avian and mammal diversity
(Cochran et al., 1999).

Effects on aquatic environments

Open-pit kaolin mining can impact the environment and biodiversity of freshwater ecosystems in several ways.
First, surrounding groundwater levels can drop due to the geomorphological changes associated with surface soil
and rock removal (Anju & Jaya, 2022). Excavators also heavily alter site topography, affecting drainage networks
both above and below ground (Zapico, Laronne, Sanchez Castillo, et al., 2021). Soil erosion and sedimentation
around the mine are major risks (Zapico, Laronne, Meixide, et al., 2021; Zapico, Laronne, Sanchez Castillo, et al.,
2021). High suspended sediment loads in streams and rivers degrade downstream water quality for both wildlife and
human consumption (Gordon & Palmer, 2015; Jorddo et al., 2002a; Willhite et al., 2012).

Second, kaolin beneficiation can introduce chemical contaminants to groundwater, surface water, and sediments
(Jordao et al., 2002b). Consumers prefer bright, white kaolin. To achieve this, mining companies use large amounts
of metallic zinc to chemically remove iron oxides (de Jesus & Sanchez, 2013; Silva et al., 2003). The residual zinc
and iron, along with aluminum, cadmium, lead, and other metals are waste products that may contaminate
groundwater and surface water (Silva et al., 2003). Mining companies also use sulfuric acid to whiten kaolin (Jordao
et al., 2002b, 2002a). Consequently, mine effluents can contain high levels of sulfates and phosphates and can
reduce the pH of downstream surface water, as Jorddo et al. (2002a, 2002b) detected in Brazil (Jordéo et al., 2002a).

Effects on aquatic biodiversity

Previous studies have examined the toxicity of kaolin particles to aquatic species. By analyzing the collated data
from these studies, Gordon & Palmer (2015) concluded that suspended kaolin particles are not substantially
dangerous to most aquatic organisms. However, most of the species studied were marine organisms. Only one
freshwater organism, Daphnia magna, was included. This aquatic invertebrate suffered high mortality rates due to
ingestion of kaolin particles, which block the animal’s gut, resulting in starvation (Robinson et al., 2010).
Nevertheless, pure kaolinite proved much less toxic than either pure montmorillonite (a different clay mineral) or a
natural clay.

Kaolin appears to be more toxic to larger organisms, both within and between taxa. Salmonids and marine fish
larvae are more sensitive to suspended particles than invertebrates (Gordon & Palmer, 2015). Likewise, smaller
amphipods were less sensitive to kaolin exposure than larger individuals (Anderson et al., 2015).

7 Saprophytic macromycetes are fungi that produce readily visible, long-lived fruiting bodies and subsist by decomposing biotic materials.
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Even if toxicity is low, kaolin mining can alter freshwater aquatic biodiversity. In a kaolin mine impoundment
reservoir in Brazil, phytoplankton biomass and zooplankton diversity were substantially reduced compared to
similarly sized water bodies that were not impacted by mining (Moreira et al., 2016).

After fully extracting kaolin from an area, mining companies may perform mine reclamation projects to restore the
degraded landscape (Duque et al., 2015; Kogel, 2014; Ribeiro et al., 2021). However, ecosystems can take decades
to recover after being impacted by mining. In kaolin recovery ponds in Georgia, the diversity and community
composition of aquatic algae were related to the time elapsed since mining ceased (Dominy & Manoylov, 2012).
The researchers found no algae in a pond sampled two months after mining. Both 2-year and 30-year ponds had
diverse algal communities, but community composition differed between the sites. The 30-year pond had
significantly higher diversity on average. Further, the particular species that were most predominant differed
substantially between sampling dates in the 2-year pond, while the 30-year pond community was much more stable
(Dominy & Manoylov, 2012).

We found limited information about the fate and impact of kaolin or kaolin mining wastes that reach marine
environments. In 1980, a freighter spilled 2200 tons of kaolin onto a sensitive coral reef in Hawaii (Dollar & Grigg,
1981). Despite concerns of widespread ecological harm, scientists found only minor and localized impact within 50
meters of both sides of the spill site. Within that area, the kaolin smothered some coral, while other detached
fragments were alive but slightly bleached. The scientists surmised that, in this case, ocean currents had rapidly
removed the kaolin from the area, but they emphasized that every case must be analyzed individually.

Ultimately, while some taxa suffer biodiversity loss as a result of kaolin mining, others may benefit from the
establishment of novel ecosystems on disturbed, successional land (Cochran et al., 1999; Jordao et al., 2002a;
Salgueiro et al., 2020; Sonter et al., 2018; Walter et al., 2023). Whether the benefits for certain organisms outweigh
the harm to others depends on the geographic scale, taxonomic group(s), and ecosystem parameters of interest
(Walter et al., 2023, 2024).

Evaluation Question #8: Describe and summarize any reported effects upon human health from use of the
petitioned substance [7 U.S.C. 6517(c)(1)(A)(i), 7 U.S.C. 6517(c)(2)(A)(i) and 7 U.S.C. 6518(m)(4)].

Kaolin is Generally Recognized as Safe (GRAS) under 21 CFR 186.1256 [listed as “Clay (kaolin)”] as an indirect
food ingredient, provided that it is of a purity suitable for its intended use and limited only by current good
manufacturing practice. Specifically, 21 CFR 186.1256(b)(2) states that the GRAS affirmation of kaolin is based on
the condition that it is used “in the manufacture of paper and paperboard that contact food.” ¥ However, there are
additional health considerations related to both the production and consumption of kaolin, dependent on the
associated use.

Clarification of fruit wines

The Alcohol and Tobacco Tax and Trade Bureau (TTB), rather than the FDA, regulates the treatment of wines and
some juice products. According to 27 CFR 24.243, “Inert fibers, pulps, earths, or similar materials, may be used as
filtering aids in the cellar treatment and finishing of wine. Agar-agar, carrageenan, cellulose, and diatomaceous earth
are commonly employed inert filtering and clarifying aids. In general, there is no limitation on the use of inert
materials and no records need be maintained concerning their use.” Kaolin is authorized for use to clarify and
stabilize wine and juice at § 24.246 [Table 1 to Paragraph (c)], without specific limitation.

Other countries that produce organic fruit wine for import into the U.S. market may have differing requirements
(Awe, 2018; Minh, 2022). We found no information concerning the health implications of kaolin use as a processing
aid in fruit wine.

8 However, kaolin might also be GRAS for other uses. Under the Federal Food, Drug, and Cosmetic (FD&C) Act, manufacturers are required to
obtain premarket approval for new uses of food additives (Gaynor & Cianci, 2006). Substances that are Generally Recognized as Safe (GRAS)
for specific uses are excluded from the definition of a food additive under the FD&C Act (Gaynor & Cianci, 2006). As such, GRAS substances
do not require premarket approval by the FDA for those specific GRAS uses (Gaynor & Cianci, 2006). Unlike food additive safety
determinations, which are made by the FDA, GRAS determinations can be made by non-governmental experts (Gaynor & Cianci, 2006). In 2016,
the FDA published an updated Final Rule on GRAS substances, which amended the rule so that the GRAS notification program was voluntary
(81 FR 54960-55055, August 17, 2016). The notification program provides a mechanism for a company (or a person) to notify the FDA that a
substance is GRAS. However, as the notification is now voluntary, identifying whether a substance is or is not considered GRAS by some experts
(such as within food manufacturing businesses) may not always be possible. Furthermore, not all previous GRAS determinations are easily
searchable. Therefore, it is possible that there are other uses for kaolin that experts would agree are GRAS.
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Ingredients in cosmetic and personal care products

Kaolin is a common ingredient in cosmetics and soaps. In 2023, the Expert Panel for Cosmetic Ingredient Safety
concluded that Kaolin is safe for use in cosmetic products under current industry practices and concentrations
(Expert Panel for Cosmetic Ingredient Safety, 2023).

Pest control in stored grains

The EPA has established a tolerance exemption for kaolin residues in food when used on or in food commaodities to
aid in the control of insects, fungi, and bacteria (40 CFR 180.1180; 81 FR 34907) “based on the long history of use
of kaolin in food and non-food products with no reported adverse effects” (US EPA, 2021). We found no further
information concerning the health implications of kaolin as a pest control.

Paper and paperboard for food-contact packaging
Researchers are continuing to learn about the health implications of using nanokaolin in packaging, sometimes

finding contradictory results. Nanokaolin is a type of nanoclay, which could be considered an incidental
nanomaterial because it occurs as a byproduct of mechanical homogenization and milling (Ali et al., in press). The
European Food Safety Authority (2014) concluded that kaolin particles did not migrate from a multi-layered
packaging film. However, recent evidence suggests that nanokaolin particles can leach into food from
nanocomposite packaging materials. In one study, nanokaolin filler particles migrated from paperboard into food
simulant solutions including water, acetic acid, and aqueous ethanol (Zhang et al., 2020). After comprehensively
reviewing the literature, Gmoshinski et al. (2020) recommended that nanoclays be evaluated individually,
considering their structure and conditions of use.

Wiemann et al. (2020) studied the effects of kaolin and bentonite nanoparticles on human immune cells and rat lung
cells in vitro and concluded that kaolinite was relatively less bioactive than bentonite. ® Kawanishi et al. (2020)
evaluated genetic damage to human skin cell lines in vitro, finding that finer kaolin particles (median particle size
200 nm) were more damaging than coarser particles (median particle size 4.8 um). We found no evidence of human
clinical studies involving nanokaolin exposure.

Direct ingestion of kaolin

Heavy metals, especially lead and cadmium, are often present in raw kaolin materials, sometimes at levels
exceeding what is regarded as safe for consumption (Asowata, 2021; Bonglaisin et al., 2022). Contaminant levels
vary widely among kaolin deposits around the world. Heavy metals in raw kaolin clays may pose a particular danger
for individuals who practice geophagy, the deliberate consumption of soil-like materials, including clays (Asowata,
2021).

While researchers have detected high levels of toxic elements in geophagic clays (including kaolin), few have
studied their metabolism and possible modes of toxicity (Bonglaisin et al., 2022; Gomes, 2018). Reichardt et al.
(2009) fed kaolin to rats and reported that digestion of kaolin particles in the intestines, initiated by stomach acids,
could allow aluminum to enter the bloodstream. Aluminum is a potential neurotoxin (Reichardt et al., 2009). The
researchers also demonstrated that ingested kaolin particles can trigger cellular changes in the intestinal mucosa
(Reichardt et al., 2009).

Medical researchers have linked the intentional consumption of kaolin clays to the following health conditions:
e iron-deficiency anemia (Attarha et al., 2021; Bonglaisin et al., 2022)
e anemia during pregnancy (Babah et al., 2024)
e potassium deficiency (Gonzalez et al., 1982; Ukaonu et al., 2003)
e bowel obstruction and perforation (Dokoupil et al., 2019; Grigsby et al., 1999)

Kaolin exposure in mining and processing
Kaolin clays can contain significant amounts of radioactive elements, especially uranium and thorium, and their

decay products (Conley, 1978). Kaolin samples from different locations vary considerably in the amounts of
radionuclides they contain. Depending on local geology, kaolin mining and processing workers may be exposed to
elevated radioactivity compared to average concentrations in soil (see 7Table 1). Manufacturers can remove
radioactive material by gravity settling (Conley, 1978). We found no evidence of unsafe levels of radioactivity in
commercial kaolin materials.

% In vitro indicates the study occurs in cells or tissues isolated from the living organism.
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390 Table 1: Mean natural radioactivity of kaolin samples (Bq kg-1)
Location Sample material Potassium- | Uranium | Thorium Reference
40 series series

Turkey Kaolin 464 82 95 (Turhan, 2009)
Egypt Kaolin 31 64 68 (El-Mekawy et al., 2015)
Nigeria Kaolin deposit 94 38 65 (Adagunodo et al., 2018)
Egypt Kaolin 21 67 89 (Abd El-Halim, 2019)
Brazil Raw kaolin clays 358 23 26 (da Silva et al., 2016)
Brazil Commercial kaolin 449 52 61 (da Silva et al., 2016)

clays marketed for

cosmetics use
Global mean of Soil 400 35 30 (United Nations Scientific
natural radionuclide Committee on the Effects of
concentration Atomic Radiation (UNSCEAR),

2000)

391

392 Kaolin dust is a respiratory and eye irritant (European Chemical Agency (ECHA), 2023; National Center for
393 Biotechnology Information (NCBI), 2024). Occupational exposure levels for kaolin are presently regulated by
394  OSHA at 29 CFR 1910.1000 Table Z-1 (see Table 2). Chronic exposure can cause pulmonary fibrosis or

395 pneumoconiosis (International Programme on Chemical Safety (IPCS), 2005; Wiemann et al., 2020). Kato et al.
396 (2017) demonstrated that kaolin particles can also damage the DNA of cells lining the lungs of mice in vivo. '°
397 Researchers have extensively studied pulmonary disease, also called kaolinosis, in kaolin workers in the United
398 Kingdom and the Southeastern United States. However, quartz, present in the raw kaolin clay, is at least an order of
399  magnitude more potent than refined kaolin (International Programme on Chemical Safety (IPCS), 2005). Kaolin
400 mining and production workers were exposed to considerable amounts of airborne dust before the 1960s, but
401 improved wet processing methods (see Background, above) and ventilation systems have substantially reduced
402 exposure (International Programme on Chemical Safety (IPCS), 2005).

403

404 Table 2: Kaolin occupational exposure limits
Regulatory Body Total dust Respiratory fraction Reference

(Time-weighted average) | (Time-weighted average)

NIOSH REL 10 mg/m? 5 mg/m? (OSHA, 2021)
OSHA PEL 15 mg/m’ 5 mg/m’ (OSHA, 2021)
CAL/OSHA PEL | Not listed 2 mg/m? (OSHA, 2021)
EC OEL Not listed 2 mg/m’ (INCHEM, 2016)

405

406 Authors

407

408 The following individuals participated in research, data collection, writing, editing, and/or final approval of this
409 report:

410 e Taina Matheson Price, PhD, Independent Science Editor and Reviewer
411 e  Peter O. Bungum, Research and Education Manager, OMRI

412 e Colleen E. Al-Samarrie, Technical Research Analyst, OMRI

413 e  Ashley Shaw, Technical Research and Administrative Specialist, OMRI

414
415 All individuals comply with Federal Acquisition Regulations (FAR) Subpart 3.11—Preventing Personal Conflicts of
416 Interest for Contractor Employees Performing Acquisition Functions.

417

418 References

419

420 Abd El-Halim, E. S. (2019). Evaluation of natural radioactivity and radiation hazard of different kind of egyptian
421 kaolin. International Journal of Advanced Research in Physical Science (IJARPS), 6(5), 7-13.

422

423 Accredited Certifiers Association. (2024, January). Best Practices for Common Material Review Issues. Version 4.4.
424 Accredited Certifiers Association.

19 In vivo indicates the study occurs within the living organism.

April 11, 2025 Page 8 of 15



425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484

Technical Report Kaolin Handling/Processing

Adagunodo, T. A., George, A. 1., Ojoawo, 1. A., Ojesanmi, K., & Ravisankar, R. (2018). Radioactivity and
radiological hazards from a kaolin mining field in Ifonyintedo, Nigeria. MethodsX, 5, 374-362.
https://doi.org/10.1016/j.mex.2018.04.009

Ali, W. A, Richards, S. E., & Alzard, R. H. (in press). Unlocking the potential of ball milling for nanomaterial
synthesis: An overview. Journal of Industrial and Engineering Chemistry.
https://doi.org/10.1016/].jiec.2025.01.054

Anderson, B., Phillips, B., & Voorhees, J. (2015). The effects of kaolin clay on the amphipod Eohaustorius estuarius
(No. 755; Regional Monitoring Program for Water Quality in the San Francisco Bay). San Francisco
Estuary Institute.
https://www.sfei.org/sites/default/files/biblio_files/755_ Anderson%20et%20al_Clay%20Effects 2015%20
Final%20Report.pdf

Anju, P., & Jaya, D. (2022). Impacts of clay mining activities on aquatic ecosystems: A critical review.
International Journal of Engineering and Advanced Technology, 11(4), 128—134.
https://doi.org/10.35940/ijeat.D3495.0411422

Asowata, I. T. (2021). Geophagic clay around Uteh-Uzalla near Benin: Mineral and trace elements compositions and
possible health implications. SN Applied Sciences, 3(5), 1-12. https://doi.org/10.1007/s42452-021-04565-w

Attarha, B. O., Mikulic, S., Harris, C., & Scolapio, J. S. (2021). Kaolin clay anemia. Cureus, 13(3), e13796.
https://doi.org/10.7759/cureus.13796

Awe, S. (2018). Effect of clarifying agents (gelatin and kaolin) on fruit wine production. International Journal of
Agriculture Innovations and Research, 6(4), 130-132.

Babah, O. A., Akinajo, O. R., Benova, L., Hanson, C., Abioye, A. 1., Adaramoye, V. O., Adeyemo, T. A., Balogun,
M. R., Banke-Thomas, A., Galadanci, H. S., Sam-Agudu, N. A., Afolabi, B. B., & Larsson, E. C. (2024).
Prevalence of and risk factors for iron deficiency among pregnant women with moderate or severe anaemia
in Nigeria: A cross-sectional study. BMC Pregnancy and Childbirth, 24(1), 39.
https://doi.org/10.1186/s12884-023-06169-1

Bonglaisin, J. N., Kunsoan, N. B., Bonny, P., Matchawe, C., Tata, B. N., Nkeunen, G., & Mbofung, C. M. (2022).
Geophagia: Benefits and potential toxicity to human—A review. Frontiers in Public Health, 10, 893831.
https://doi.org/10.3389/fpubh.2022.893831

California Certified Organic Farmers. (2020, September 30). Comments on Handling subcommittee 2022 sunset
reviews. Comment ID AMS-NOP-20-0041-0640. Regulations.gov.
https://www.regulations.gov/comment/ AMS-NOP-20-0041-0640

Cochran, K. W., Chapman, B. R., Miller, K. V., & Schweitzer, S. H. (1999). Avian and small mammal communities
on different successional stages of reclaimed kaolin mines in Georgia. Proceedings of the Annual
Conference of the Southeastern Association of Fish and Wildlife Agencies, 53, 464—475.

Conley, R. F. (1978). Method Removing Radioactivity from Kaolin (United States Patent Office Patent No.
4,077,874). https://inis.iaea.org/collection/NCLCollectionStore/ Public/10/443/10443818.pdf7r=1

da Silva, P. S. C., Maduar, M. F., Scapin, M. A., Garcia, R. H. L., & Martins, J. P. M. (2016). Radiological
assessment of pharmaceutical clays. Journal of Radioanalytical and Nuclear Chemistry, 307(3), 2035—
2046. https://doi.org/10.1007/s10967-015-4404-y

Dancer, W. S., Handley, J. F., & Bradshaw, A. D. (1977). Nitrogen accumulation in kaolin mining wastes in
Cornwall. I. natural communities. Plant and Soil, 48(48 pp.153—167), 167—153.

Daou, I., Lecomte-Nana, G. L., Tessier-Doyen, N., Peyratout, C., Gonon, M. F., & Guinebretiere, R. (2020).
Probing the dehydroxylation of kaolinite and halloysite by in situ high temperature X-ray diffraction.
Minerals, 10(5), Article 5. https://doi.org/10.3390/min10050480

April 11, 2025 Page 9 of 15


https://doi.org/10.1016/j.mex.2018.04.009
https://doi.org/10.1016/j.jiec.2025.01.054
https://www.sfei.org/sites/default/files/biblio_files/755_Anderson%20et%20al_Clay%20Effects_2015%20Final%20Report.pdf
https://www.sfei.org/sites/default/files/biblio_files/755_Anderson%20et%20al_Clay%20Effects_2015%20Final%20Report.pdf
https://doi.org/10.35940/ijeat.D3495.0411422
https://doi.org/10.1007/s42452-021-04565-w
https://doi.org/10.7759/cureus.13796
https://doi.org/10.1186/s12884-023-06169-1
https://doi.org/10.3389/fpubh.2022.893831
https://www.regulations.gov/comment/AMS-NOP-20-0041-0640
https://inis.iaea.org/collection/NCLCollectionStore/_Public/10/443/10443818.pdf?r=1
https://doi.org/10.1007/s10967-015-4404-y
https://doi.org/10.3390/min10050480

485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544

Technical Report Kaolin Handling/Processing

de Jesus, C. K. C. de, & Sanchez, L. E. (2013). The long post-closure period of a kaolin mine. Rem: Revista Escola
de Minas, 66, 363—-368. https://doi.org/10.1590/S0370-44672013000300014

Deshmukh, R. K., Hakim, L., Akhila, K., Ramakanth, D., & Gaikwad, K. K. (2023). Nano clays and its composites
for food packaging applications. International Nano Letters, 13(2), 131-153.
https://doi.org/10.1007/s40089-022-00388-8

Dietz, K. (2015, April 7). Re: Docket No.: AMS-NOP 15-0002; NOP-15-02; National Organics Standards Board
Meeting. Regulations.gov. https://www.regulations.gov/comment/AMS-NOP-15-0002-0843

Dill, H. G. (2016). Kaolin: Soil, rock and ore: From the mineral to the magmatic, sedimentary and metamorphic
environments. Earth-Science Reviews, 161, 16—129. https://doi.org/10.1016/j.earscirev.2016.07.003

Dokoupil, M., Marecové, K., Handlos, P., & Btezina, P. (2019). Death of a female prostitute due to intestinal
obstruction by an unknown substance. Journal of Forensic Sciences, 64(1), 289-291.
https://doi.org/10.1111/1556-4029.13824

Dollar, S. J., & Grigg, R. W. (1981). Impact of a kaolin clay spill on a coral reef in Hawaii. Marine Biology, 65(3),
269-276. https://doi.org/10.1007/BF00397121

Dominy, J. N., & Manoylov, K. M. (2012). Algal community composition from kaolin recovery ponds located in
middle georgia. Southeastern Naturalist, 11(2 pp.263-278), 278-263.

Duque, J., Bugosh, N., de Francisco, C., Hernando, N., Martin, C., Nicolau, J. M., Nyssen, S., Tejedor, M., &
Zapico, L. (2015). Examples of geomorphic reclamation on mined lands in Spain by using the GeoFluv
method. Geophysical Research Abstracts, 17, U2015-2895.

El-Mekawy, A. F., Badran, H. M., Seddeek, M. K., Sharshar, T., & Elnimr, T. (2015). Assessment of elemental and
NROM/TENORM hazard potential from non-nuclear industries in North Sinai, Egypt. Environmental
Monitoring and Assessment, 187(9 pp.583—-583), 583—583. https://doi.org/10.1007/s10661-015-4813-y

El-Shewy, A. M., Abd El-Halim, H. T., & El-Deeb, S. E. (2024). Used five inert dusts to control two insect pests on
stored rice grains. Egyptian Academic Journal of Biological Sciences. A, Entomology, 17(2), 1-11.
https://doi.org/10.21608/EAJBSA.2024.351178

European Chemical Agency (ECHA). (2023). Substance infocard: Kaolin. ECHACHEM.
https://echa.europa.eu/substance-information/-/substanceinfo/100.100.108

European Food Safety Authority (EFSA). (2014). Scientific opinion on the safety assessment of the substances,
kaolin and polyacrylic acid, sodium salt, for use in food contact materials. EFSA Journal, 12(4), 1-8.
https://doi.org/10.2903/j.efsa.2014.3637

Expert Panel for Cosmetic Ingredient Safety. (2023). Amended Safety Assessment of Naturally-Sourced Clays as
Used in Cosmetics. Cosmetic Ingredient Review.

Gao, W., Chen, X., He, J., Sha, A., Ren, Y., Wu, P., & Li, Q. (2024). The impact of kaolin mining activities on
bacterial diversity and community structure in the rhizosphere soil of three local plants. Frontiers in
Microbiology, 15. https://doi.org/10.3389/fmicb.2024.1424687

Gaynor, P., & Cianci, S. (2006). How U.S. FDA’s GRAS notification program works. U.S. Food & Drug
Administration; FDA. https://www.fda.gov/food/generally-recognized-safe-gras/how-us-fdas-gras-
notification-program-works

Gmoshinski, I. V., Bagryantseva, O. V., Arnautov, O. V., & Khotimchenko, S. A. (2020). Nanoclays in food
products: Benefits and possible risks (literature review). Health Risk Analysis, 2020(1), 142—164.
https://doi.org/10.21668/health.risk/2020.1.16.eng

Golob, P. (1997). Current status and future perspectives for inert dust for control of stored product insects. Journal
of Stored Products Research, 33(1 pp.69—-79), 79-69.

April 11, 2025 Page 10 of 15


https://doi.org/10.1590/S0370-44672013000300014
https://doi.org/10.1007/s40089-022-00388-8
https://www.regulations.gov/comment/AMS-NOP-15-0002-0843
https://doi.org/10.1016/j.earscirev.2016.07.003
https://doi.org/10.1111/1556-4029.13824
https://doi.org/10.1007/BF00397121
https://doi.org/10.1007/s10661-015-4813-y
https://doi.org/10.21608/EAJBSA.2024.351178
https://echa.europa.eu/substance-information/-/substanceinfo/100.100.108
https://doi.org/10.2903/j.efsa.2014.3637
https://doi.org/10.3389/fmicb.2024.1424687
https://www.fda.gov/food/generally-recognized-safe-gras/how-us-fdas-gras-notification-program-works
https://www.fda.gov/food/generally-recognized-safe-gras/how-us-fdas-gras-notification-program-works
https://doi.org/10.21668/health.risk/2020.1.16.eng

545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603

Technical Report Kaolin Handling/Processing

Gomes, C. de S. F. (2018). Healing and edible clays: A review of basic concepts, benefits and risks. Environmental
Geochemistry & Health, 40(5), 1739-1765. https://doi.org/10.1007/s10653-016-9903-4

Gonzalez, J. J., Owens, W., Ungaro, P. C., Werk, E. E., Wentz, P. W., Gonzalez, J. J., Owens, W., Ungaro, P. C.,
Werk, E. E. J., & Wentz, P. W. (1982). Clay ingestion: A rare cause of hypokalemia. Annals of Internal
Medicine, 97(1), 65-66. https://doi.org/10.7326/0003-4819-97-1-65

Gordon, A. K., & Palmer, C. G. (2015). Defining an exposure—response relationship for suspended kaolin clay
particulates and aquatic organisms: Work toward defining a water quality guideline for suspended solids.
Environmental Toxicology and Chemistry, 34(4), 907-912. https://doi.org/10.1002/etc.2872

Grigsby, R., Thyer, B., Waller, R., & Johnston, G. (1999). Chalk eating in middle Georgia: A culture-bound
syndrome of pica? Southern Medical Journal, 92, 190-192.

Hernandez, A. C., Sanchez-Espejo, R., Meléndez, W., Gonzalez, G., Lopez-Galindo, A., & Viseras, C. (2019).
Characterization of Venezuelan kaolins as health care ingredients. Applied Clay Science, 175, 30-39.
https://doi.org/10.1016/j.clay.2019.01.003

INCHEM. (2016, November). /CSC 1144: Kaolin. https://www.inchem.org/documents/icsc/icsc/eics1144.htm
International Programme on Chemical Safety (IPCS). (2005). Bentonite, Kaolin, and Selected Clay Minerals. World
Health Organization (WHO). https://www.inchem.org/documents/ehc/ehc/ehc231.htm

Jorddo, C. P., Pereira, M. G., & Pereira, J. L. (2002a). Effects of kaolin processing plants on the water quality of
streams in Brazil. Toxicological and Environmental Chemistry, 82(3—4), 139-158.
https://doi.org/10.1080/716067222

Jordao, C. P., Pereira, M. G., & Pereira, J. L. (2002b). Metal contamination of river waters and sediments from
effluents of kaolin processing in Brazil. Water, Air & Soil Pollution, 140(1-4), 119—-138.
https://doi.org/10.1023/a:1020179223867

Juice Products Association. (2015, October 5). RE: Meeting of the National Organic Standards Board. Comment ID
AMS-NOP-15-0037-0404. Regulations.gov. https://www.regulations.gov/comment/AMS-NOP-15-0037-
0404

Juice Products Association. (2020, October 1). RE: Notice of meeting of the National Organic Standards Board.
Comment ID AMS-NOP-20-0041-0771. Regulations.gov. https://www.regulations.gov/comment/ AMS-
NOP-20-0041-0771

Kato, T., Toyooka, T., Ibuki, Y., Masuda, S., Watanabe, M., & Totsuka, Y. (2017). Effect of physicochemical
character differences on the genotoxic potency of kaolin. Genes & Environment, 39, 1-10.
https://doi.org/10.1186/s41021-017-0075-y

Kawanishi, M., Yoneda, R., Totsuka, Y., & Yagi, T. (2020). Genotoxicity of micro- and nano-particles of kaolin in
human primary dermal keratinocytes and fibroblasts. Genes and Environment, 42(1).
https://doi.org/10.1186/s41021-020-00155-1

King, R. j. (2009). Kaolinite. Geology Today, 25(2), 75-78. https://doi.org/10.1111/].1365-2451.2009.00711 .x

Kogel, J. (2014, June). Mining and Processing Kaolin. Elements, 10(3), 189—193.

Lane, M., Hanley, M. E., Lunt, P., Knight, M. E., Braungardt, C. B., & Ellis, J. S. (2020). Chronosequence of former
kaolinite open cast mines suggests active intervention is required for the restoration of Atlantic heathland.
Restoration Ecology, 28(3), 661—667. https://doi.org/10.1111/rec.12983

Martin-Moreno, C., Martin-Duque, J., Nicolau, J., Sanchez, L., Ruiz, R., Sanz, M., Lucia, A., & Zapico, 1. (2008). A
geomorphic approach for the ecological restoration of kaolin mines at the Upper Tagus Natural Park
(Spain). Towards a Sustainable Future for European Ecosystems — Providing Restoration Guidelines for
Natura 2000 Habitats and Species, 1-4. https://aulados.net/GEMM/Congresos/A_geomorphic.pdf

April 11, 2025 Page 11 of 15


https://doi.org/10.1007/s10653-016-9903-4
https://doi.org/10.7326/0003-4819-97-1-65
https://doi.org/10.1002/etc.2872
https://doi.org/10.1016/j.clay.2019.01.003
https://www.inchem.org/documents/ehc/ehc/ehc231.htm
https://doi.org/10.1080/716067222
https://doi.org/10.1023/a:1020179223867
https://www.regulations.gov/comment/AMS-NOP-15-0037-0404
https://www.regulations.gov/comment/AMS-NOP-15-0037-0404
https://www.regulations.gov/comment/AMS-NOP-20-0041-0771
https://www.regulations.gov/comment/AMS-NOP-20-0041-0771
https://doi.org/10.1186/s41021-017-0075-y
https://doi.org/10.1186/s41021-020-00155-1
https://doi.org/10.1111/j.1365-2451.2009.00711.x
https://doi.org/10.1111/rec.12983
https://aulados.net/GEMM/Congresos/A_geomorphic.pdf

604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663

Technical Report Kaolin Handling/Processing

Minh, N. P. (2022). Wine production from ripen pond apple (Annona glabra L.) fruit. Plant Science Today, 9(2),
454—460. https://doi.org/10.14719/pst.1617

Moreira, F. W. A., Leite, M. G. P., Fujaco, M. A. G., Mendonga, F. P. C., Campos, L. P., & Eskinazi-Sant’Anna, E.
M. (2016). Assessing the impacts of mining activities on zooplankton functional diversity. Acta
Limnologica Brasiliensia, 28. https://doi.org/10.1590/S2179-975X0816

Murray, H. H. (2006). Kaolin applications. In H. H. Murray (Ed.), Developments in Clay Science (Vol. 2, pp. 85—
109). Elsevier. https://doi.org/10.1016/S1572-4352(06)02005-8

Murray, H. H. (2007). Applied Clay Mineralogy: Occurrences, Processing and Applications of Kaolins, Bentonites,
Palygorskitesepiolite, and Common Clays. Elsevier.

Murray, H. H., & Keller, W. D. (1993). Kaolins, kaolins, and kaolins. In H. H. Murray, W. M. Bundy, & C. C.
Harvey (Eds.), Kaolin Genesis and Utilization (Vol. 1, p. 0). Clay Minerals Society.
https://doi.org/10.1346/CMS-SP-1.1

National Center for Biotechnology Information (NCBI). (2024). PubChem Compound Summary for CID 92024769,
Kaolin. https://pubchem.ncbi.nlm.nih.gov/compound/Kaolin

Nguyén, M. H., Van, H. T., Thang, P. Q., Hoang, T. H. N., Pao, P. C., Nguyen, C. L., & Nguyén, L. H. (2021).
Level and potential risk assessment of soil contamination by trace metal from mining activities. Soil &
Sediment Contamination, 30(1 pp.92-106), 106—192. https://doi.org/10.1080/15320383.2020.1811203

NOP. (2015). Policy memorandum 15-2 (nanotechnology). National Organic Program.
https://www.ams.usda.gov/sites/default/files/media/NOP-PM-15-2-Nanotechnology.pdf

NOP. (2016, January 15). NOP 5023: Guidance, substances used in post-harvest handling of organic products.
National Organic Program.
https://www.ams.usda.gov/sites/default/files/media/NOP%205023%20Post%20Harvest%20Hdlg%20Rev0

1.pdf

NOSB. (1995). Kaolin and bentonite TAP 1995.
https://www.ams.usda.gov/sites/default/files/media/Kaolin%20%26%20Bentonite%20TAP%201995.pdf

NOSB. (2009). NOSB meeting minutes & transcripts, 1992-2009. National Organic Program.
https://www.ams.usda.gov/rules-regulations/organic/petitioned-substances/magnesium-carbonate

NOSB. (2010, April 29). Formal recommendation by the National Organic Standards Board (NOSB) to the
National Organic Program (NOP). Re: Sunset Review of National List substances (§205.603) allowed in
livestock production. National Organic Program.
https://www.ams.usda.gov/sites/default/files/media/NOP%20Final%20Rec%20Sunset%202012%20Rec%2
0Synthetic%20Substances%20Allowed%20in%200rganic%20Livestock.pdf

NOSB. (2015). Sunset 2017 NOSB final review: Handling substances §205.605(b). Agricultural Marketing Service.
https://www.ams.usda.gov/sites/default/files/media/HS%202017%20Sunset%20Final%20Rvw%20605%28
%29 _%28b%29 606_final%20rec.pdf

NOSB. (2020, October 30). National Organic Standards Board meeting, virtual. National Organic Program.
https://www.ams.usda.gov/sites/default/files/media/NOSBProposalPacketOctober2020.pdf

Oliveira, V. P. de, Martins, W. B. R., Rodrigues, J. I. de M., Silva, A. R., Lopes, J. do C. A., de Lima Neto, J. F., &
Schwartz, G. (2022). Are liming and pit size determining for tree species establishment in degraded areas
by kaolin mining? Ecological Engineering, 178. https://doi.org/10.1016/j.ecoleng.2022.106599

OSHA. (2021). OSHA Occupational Chemical Database: Kaolin. OSHA. https://www.osha.gov/chemicaldata/233

Palumbo-Roe, B., & Colman, T. (2010). The nature of waste associated with closed mines in England and Wales
[Publication - Report]. British Geological Survey. https://doi.org/10/014)

April 11, 2025 Page 12 of 15


https://doi.org/10.14719/pst.1617
https://doi.org/10.1590/S2179-975X0816
https://doi.org/10.1016/S1572-4352(06)02005-8
https://doi.org/10.1346/CMS-SP-1.1
https://pubchem.ncbi.nlm.nih.gov/compound/Kaolin
https://doi.org/10.1080/15320383.2020.1811203
https://www.ams.usda.gov/sites/default/files/media/NOP-PM-15-2-Nanotechnology.pdf
https://www.ams.usda.gov/sites/default/files/media/NOP%205023%20Post%20Harvest%20Hdlg%20Rev01.pdf
https://www.ams.usda.gov/sites/default/files/media/NOP%205023%20Post%20Harvest%20Hdlg%20Rev01.pdf
https://www.ams.usda.gov/sites/default/files/media/Kaolin%20%26%20Bentonite%20TAP%201995.pdf
https://www.ams.usda.gov/rules-regulations/organic/petitioned-substances/magnesium-carbonate
https://www.ams.usda.gov/sites/default/files/media/NOP%20Final%20Rec%20Sunset%202012%20Rec%20Synthetic%20Substances%20Allowed%20in%20Organic%20Livestock.pdf
https://www.ams.usda.gov/sites/default/files/media/NOP%20Final%20Rec%20Sunset%202012%20Rec%20Synthetic%20Substances%20Allowed%20in%20Organic%20Livestock.pdf
https://www.ams.usda.gov/sites/default/files/media/HS%202017%20Sunset%20Final%20Rvw%20605%28a%29_%28b%29_606_final%20rec.pdf
https://www.ams.usda.gov/sites/default/files/media/HS%202017%20Sunset%20Final%20Rvw%20605%28a%29_%28b%29_606_final%20rec.pdf
https://www.ams.usda.gov/sites/default/files/media/NOSBProposalPacketOctober2020.pdf
https://doi.org/10.1016/j.ecoleng.2022.106599
https://www.osha.gov/chemicaldata/233
https://doi.org/10/014)

664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722

Technical Report Kaolin Handling/Processing

Pennsylvania Certified Organic. (2020, October 1). Comments on Handling subcommittee 2022 sunset reviews.
Comment ID AMS-NOP-20-0041-0769. Regulations.gov. https://www.regulations.gov/comment/ AMS-
NOP-20-0041-0769

Reichardt, F., Habold, C., Chaumande, B., Ackermann, A., Ehret-Sabatier, L., Le Maho, Y., Angel, F., Liewig, N.,
& Lignot, J.-H. (2009). Interactions between ingested kaolinite and the intestinal mucosa in rat: Proteomic
and cellular evidences. Fundamental & Clinical Pharmacology, 23(1), 69—79.
https://doi.org/10.1111/1.1472-8206.2008.00646.x

Ribeiro, S. S., Schwartz, G., Silva, A. R., da Cruz, D. C., Brasil Neto, A. B., Gama, M. A. P., Martins, W. B. R., de
Souza Barbosa, R., & do Carmo Alves Lopes, J. (2021). Soil properties under different supplementary
organic fertilizers in a restoration site after kaolin mining in the Eastern Amazon. Ecological Engineering,
170. https://doi.org/10.1016/j.ecoleng.2021.106352

Robinson, S. E., Capper, N. A., & Klaine, S. J. (2010). The effects of continuous and pulsed exposures of suspended
clay on the survival, growth, and reproduction of Daphnia magna. Environmental Toxicology and
Chemistry, 29(1), 168—175. https://doi.org/10.1002/etc.4

Salgueiro, P. A., Prach, K., Branquinho, C., & Mira, A. (2020). Enhancing biodiversity and ecosystem services in
quarry restoration — challenges, strategies, and practice—Salgueiro—2020—Restoration Ecology—Wiley
Online Library. Restoration Ecology, 28(3), 655—660. https://doi.org/10.1111/rec.13160

Schroeder, P. A. (2018). Kaolin. In New Georgia Encyclopedia.
https://www.georgiaencyclopedia.org/articles/business-economy/kaolin/

Schwanke, A. J., Silveira, D. R., Saorin Puton, B. M., Cansian, R. L., & Bernardo-Gusmao, K. (2022). Sustainable
conversion of Brazilian Amazon kaolin mining waste to zinc-based Linde Type A zeolites with
antibacterial activity. Journal of Cleaner Production, 338. https://doi.org/10.1016/].jclepro.2022.130659

Select Committee on GRAS Substances (SCOGS). (1977). Select committee on GRAS substances (SCOGS) opinion:
Bentonite; clay (kaolin) (packaging).

Silva, A. C. da, Sa Mendonca, E. de, Fontes, R. L. F., Marco, P. de Jr., & Ribeiro, F. P. (2003). Potential
environmental consequences of zinc and cadmium contamination in Kaolin Minespoil located in Minas
Gerais, Brazil. Communications in Soil Science and Plant Analysis, 34(5—6 pp.671-680), 680—671.
https://doi.org/10.1081/CSS-120018967

Siqueira-Gay, J., Santos, D., Nascimento, W. R., Jr., Souza-Filho, P. W. M., & Sanchez, L. E. (2022). Investigating
changes driving cumulative impacts on native vegetation in mining regions in the northeastern Brazilian
Amazon. Environmental Management, 69(2 pp.438-448), 448-438. https://doi.org/10.1007/s00267-021-
01578-4

Sonter, L. J., Ali, S. H., & Watson, J. E. M. (2018). Mining and biodiversity: Key issues and research needs in
conservation science. Proceedings of the Royal Society B: Biological Sciences, 285(1892), 20181926.
https://doi.org/10.1098/rspb.2018.1926

Tan, X., Liu, F., Hu, L., Reed, A. H., Furukawa, Y., & Zhang, G. (2017). Evaluation of the particle sizes of four clay
minerals. Applied Clay Science, 135, 313-324. https://doi.org/10.1016/j.clay.2016.10.012

Turhan, S. (2009). Radiological impacts of the usability of clay and kaolin as raw material in manufacturing of
structural building materials in Turkey. Journal of Radiological Protection., 29(1), 75-83.
https://doi.org/10.1088/0952-4746/29/1/005

Ukaonu, C., Hill, D. A., & Christensen, F. (2003). Hypokalemic myopathy in pregnancy caused by clay ingestion.
Obstetrics & Gynecology, 102(5 part 2), 1169—-1171. https://doi.org/10.1016/S0029-7844(03)00705-1

United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR). (2000). Sources and effects
of ionizing radiation. United nations scientific committee on the effects of atomic radiation (UNSCEAR)

April 11, 2025 Page 13 of 15


https://www.regulations.gov/comment/AMS-NOP-20-0041-0769
https://www.regulations.gov/comment/AMS-NOP-20-0041-0769
https://doi.org/10.1111/j.1472-8206.2008.00646.x
https://doi.org/10.1016/j.ecoleng.2021.106352
https://doi.org/10.1002/etc.4
https://doi.org/10.1111/rec.13160
https://www.georgiaencyclopedia.org/articles/business-economy/kaolin/
https://doi.org/10.1016/j.jclepro.2022.130659
https://doi.org/10.1081/CSS-120018967
https://doi.org/10.1007/s00267-021-01578-4
https://doi.org/10.1007/s00267-021-01578-4
https://doi.org/10.1098/rspb.2018.1926
https://doi.org/10.1016/j.clay.2016.10.012
https://doi.org/10.1088/0952-4746/29/1/005
https://doi.org/10.1016/S0029-7844(03)00705-1

723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781

Technical Report Kaolin Handling/Processing

2000 report to the general assembly, with scientific annexes, vol. 1: Sources. (p. 120).
https://www.unscear.org/docs/publications/2000/UNSCEAR_2000_Report Vol.L.pdf

United States Pharmacopeial Convention. (2008). USP-FCC Kaolin. Kaolin-Monograph.
https://online.foodchemicalscodex.org/uspfec/current-document/5_GUID-7FSE786E-3DC9-4464-90DA-
4F932A33DBBB_4 en-US?source=Activity

US EPA. (2021, June 8). Kaolin pc code 100104 interim registration review decision.
https://www.regulations.gov/document/EPA-HQ-OPP-2014-0107-0011

US FDA. (2000, August). Guidance for industry: Action levels for poisonous or deleterious substances in human
food and animal feed. FDA. https://www.fda.gov/regulatory-information/search-fda-guidance-

documents/guidance-industry-action-levels-poisonous-or-deleterious-substances-human-food-and-animal-
feed

US FDA. (2024, September 6). Food ingredient & packaging terms. FDA; FDA. https://www.fda.gov/food/food-
ingredients-packaging/food-ingredient-packaging-terms

USDA. (2008, April). Cosmetics, body care, and personal care products. https://www.ams.usda.gov/grades-
standards/cosmetics-body-care-and-personal-care-products

Viseras, C., Sanchez-Espejo, R., Palumbo, R., Liccardi, N., Garcia-Villén, F., Borrego-Sanchez, A., Massaro, M.,
Riela, S., & Lopez-Galindo, A. (2021). Clays in cosmetics and personal-care products. Clays and Clay
Minerals, 69(5), 561-575. https://doi.org/10.1007/s42860-021-00154-5

Walter, J., Hradska, 1., Kout, J., Bures, J., & Konvicka, M. (2023). The impact of abandoned kaolin quarries on
macromycetes (Fungi: Basidiomycota, Ascomycota), carabid beetle (Coleoptera: Carabidae), and spider
(Araneae) assemblages. Biodivers Conserv, 32(4 pp.1437-1449), 1449-1437.
https://doi.org/10.1007/s10531-023-02561-7

Walter, J., Hradska, 1., Kout, J., Vodicka, S., Matéjkova, 1., & Konvicka, M. (2024). Assembly of heterotrophic
communities during spontaneous succession in quarries: Invertebrates model groups and macromycetes.
Restoration Ecology, 32(3 p.e14081-). https://doi.org/10.1111/rec.14081

Wang, X., Zhang, Z., Li, H., Hou, T., Zhao, Y., & Li, H. (2021). Effects of ethanol, activated carbon, and activated
kaolin on perilla seed oil: Volatile organic compounds, physicochemical characteristics, and fatty acid
composition. Journal of Food Science, 8§6(10 pp.4393-4404), 4404-4393. https://doi.org/10.1111/1750-
3841.15907

Wiemann, M., Vennemann, A., & Wohlleben, W. (2020). Lung toxicity analysis of nano-sized kaolin and bentonite:
Missing indications for a common grouping. Nanomaterials (2079-4991), 10(2), 204.
https://doi.org/10.3390/nano10020204

Willhite, C. C., Ball, G. L., & McLellan, C. J. (2012). Total allowable concentrations of monomeric inorganic
aluminum and hydrated aluminum silicates in drinking water. Critical Reviews in Toxicology, 42(5), 358—
442, https://doi.org/10.3109/10408444.2012.674101

Xiao, W., Zhang, Y., Chen, X., Sha, A., Xiong, Z., Luo, Y., Peng, L., Zou, L., Zhao, C., & Li, Q. (2024). The
diversity and community composition of three plants’ rhizosphere fungi in kaolin mining areas. Journal of
Fungi, 10(5), 306. https://doi.org/10.3390/j0f10050306

Zapico, 1., Laronne, J. B., Meixide, C., Sanchez Castillo, L., & Martin Duque, J. F. (2021). Evaluation of
sedimentation pond performance for a cleaner water production from an open pit mine at the edge of the
Alto Tajo Natural Park. Journal of Cleaner Production, 280. https://doi.org/10.1016/j.jclepro.2020.124408

Zapico, L., Laronne, J. B., Sanchez Castillo, L., & Martin Duque, J. F. (2021). Drainage network evolution and
reconstruction in an open pit kaolin mine at the edge of the Alto Tajo natural Park. Catena, 204.
https://doi.org/10.1016/j.catena.2021.105392

April 11, 2025 Page 14 of 15


https://www.unscear.org/docs/publications/2000/UNSCEAR_2000_Report_Vol.I.pdf
https://online.foodchemicalscodex.org/uspfcc/current-document/5_GUID-7F5F786E-3DC9-4464-90DA-4F932A33DBBB_4_en-US?source=Activity
https://online.foodchemicalscodex.org/uspfcc/current-document/5_GUID-7F5F786E-3DC9-4464-90DA-4F932A33DBBB_4_en-US?source=Activity
https://www.regulations.gov/document/EPA-HQ-OPP-2014-0107-0011
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-action-levels-poisonous-or-deleterious-substances-human-food-and-animal-feed
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-action-levels-poisonous-or-deleterious-substances-human-food-and-animal-feed
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-action-levels-poisonous-or-deleterious-substances-human-food-and-animal-feed
https://www.fda.gov/food/food-ingredients-packaging/food-ingredient-packaging-terms
https://www.fda.gov/food/food-ingredients-packaging/food-ingredient-packaging-terms
https://www.ams.usda.gov/grades-standards/cosmetics-body-care-and-personal-care-products
https://www.ams.usda.gov/grades-standards/cosmetics-body-care-and-personal-care-products
https://doi.org/10.1007/s42860-021-00154-5
https://doi.org/10.1007/s10531-023-02561-7
https://doi.org/10.1111/rec.14081
https://doi.org/10.1111/1750-3841.15907
https://doi.org/10.1111/1750-3841.15907
https://doi.org/10.3390/nano10020204
https://doi.org/10.3109/10408444.2012.674101
https://doi.org/10.3390/jof10050306
https://doi.org/10.1016/j.jclepro.2020.124408
https://doi.org/10.1016/j.catena.2021.105392

782
783
784
785
786
787
788
789
790
791
792
793
794

Technical Report Kaolin Handling/Processing

Zapico, L., Molina, A., Laronne, J. B., Sanchez Castillo, L., & Martin Duque, J. F. (2020). Stabilization by
geomorphic reclamation of a rotational landslide in an abandoned mine next to the Alto Tajo Natural Park.
Engineering Geology, 264, 105321. https://doi.org/10.1016/j.enggeo.2019.105321

Zhang, Z., Kappenstein, O., Ebner, 1., Ruggiero, E., Miiller, P., Luch, A., Wohlleben, W., & Haase, A. (2020).
Investigating ion-release from nanocomposites in food simulant solutions: Case studies contrasting kaolin,
CaCO3 and Cu-phthalocyanine. Food Packaging and Shelf Life, 26.
https://doi.org/10.1016/1.fpsl.2020.100560

Zunino, F., & Scrivener, K. (2024). Reactivity of kaolinitic clays calcined in the 650 °C-1050 °C temperature range:
Towards a robust assessment of overcalcination. Cement and Concrete Composites, 146, 105380.
https://doi.org/10.1016/j.cemconcomp.2023.105380

April 11, 2025 Page 15 of 15


https://doi.org/10.1016/j.enggeo.2019.105321
https://doi.org/10.1016/j.fpsl.2020.100560
https://doi.org/10.1016/j.cemconcomp.2023.105380

	Identification
	Summary
	Background
	Evaluation Questions
	Evaluation Question #6: List any reported residues of heavy metals or other contaminants in excess of FDA tolerances that are present or have been reported in the petitioned substance [7 CFR 205.600(b)(5)].
	Evaluation Question #7: Discuss and summarize findings on whether the manufacture and use of the petitioned substance may be harmful to the environment or biodiversity [7 U.S.C. 6517(c)(1)(A)(i) and 7 U.S.C. 6517(c)(2)(A)(i)].
	Effects on terrestrial environments
	Effects on terrestrial biodiversity
	Effects on aquatic environments
	Effects on aquatic biodiversity

	Evaluation Question #8: Describe and summarize any reported effects upon human health from use of the petitioned substance [7 U.S.C. 6517(c)(1)(A)(i), 7 U.S.C. 6517(c)(2)(A)(i) and 7 U.S.C. 6518(m)(4)].
	Clarification of fruit wines
	Ingredients in cosmetic and personal care products
	Pest control in stored grains
	Paper and paperboard for food-contact packaging
	Direct ingestion of kaolin
	Kaolin exposure in mining and processing


	Authors
	References

