[bookmark: greenwashing_index_2025_evidence_6692b8]Greenwashing Index 2025: Evidence-Based Citation Report
[bookmark: executive_summary]Executive Summary
This comprehensive citation report provides scientific and regulatory evidence to support every point deduction in the Greenwashing Index 2025 Consumer Report. Through extensive research of 140+ credible sources including peer-reviewed studies, government agencies (FDA, EPA, FTC), toxicology databases, and environmental organizations, this document verifies each claim made in the original report without altering any scores.
The report evaluates 14 cleaning product brands across three weighted categories:
· Ingredient Safety (25 points)
· Environmental/Ethical Impact (40 points)
· FTC Compliance/Greenwashing (35 points)

[bookmark: methodology]Methodology
All citations derive from:
· Government regulatory agencies: FDA, EPA, FTC, CDC, OSHA, ATSDR
· Scientific literature: NIH/PubMed, peer-reviewed journals, toxicology studies
· International bodies: IARC, WHO, European Commission, SCCS
· Industry standards: CIR Safety, EWG, Campaign for Safe Cosmetics
· Environmental organizations: Greenpeace, Rainforest Action Network, WWF, Mongabay
· Labor rights documentation: U.S. Department of Labor, ILO studies

[bookmark: section_1_ingredient_safety_deductions]Section 1: Ingredient Safety Deductions
[bookmark: bm_1_1_sodium_lauryl_sulfate_sls_19bd3d]1.1 Sodium Lauryl Sulfate (SLS) and Sodium Laureth Sulfate (SLES)
Deduction: Skin/Eye Irritation, Respiratory Irritation, Aquatic Toxicity
Evidence:
[bookmark: fnref1]SLS has been extensively documented as a skin and eye irritant. A comprehensive toxicology study found that SLS causes eye irritation, skin damage, and mouth irritation through its surfactant properties, disruption of cell membranes, and protein conformational alteration. Research demonstrates that at concentrations of 1% or less, SLS can irritate the skin and increase Transepidermal Water Loss (TEWL). Studies on rabbits showed that 10% SLS exposure causes corneal opacity and stippling, with 28-30% of applications resulting in mild to moderate ocular irritation.[1]
[bookmark: fnref2][bookmark: fnref3][bookmark: fnref4][bookmark: fnref5]The Cosmetic Ingredient Review Expert Panel confirmed that SLS and SLES produce eye and/or skin irritation in experimental animals and human test subjects, with severity increasing directly with concentration. Human patch testing determined that SLS concentrations above 2% are irritating to normal skin. The material is classified as causing serious eye damage at higher concentrations and respiratory irritation when aerosolized.[2][3][4][5]
[bookmark: fnref6][bookmark: fnref7]For aquatic toxicity, sodium coco sulfate (a coconut-derived form chemically similar to SLS) is classified as "Harmful to aquatic life" (Aquatic Acute 3) and "Harmful to aquatic life with long lasting effects" (Aquatic Chronic 3). Toxicity studies show LC50 values for fish (Cyprinus carpio) > 10-100 mg/l and EC50 values for Daphnia magna > 10-100 mg/l.[6][7]
[bookmark: fnref3_1][bookmark: fnref4_1][bookmark: fnref5_1][bookmark: fnref7_1][bookmark: fnref1_1][bookmark: fnref2_1][bookmark: fnref6_1]Citations:[3][4][5][7][1][2][6]

[bookmark: bm_1_2_1_4_dioxane_contamination_9719c4]1.2 1,4-Dioxane Contamination from Ethoxylation
Deduction: Carcinogenic Potential from Ethoxylated Ingredients
Evidence:
[bookmark: fnref8][bookmark: fnref9][bookmark: fnref10][bookmark: fnref11]1,4-Dioxane is reasonably anticipated to be a human carcinogen based on sufficient evidence of carcinogenicity from studies in experimental animals. The National Toxicology Program (NTP) 15th Report on Carcinogens lists 1,4-dioxane with this classification. The U.S. EPA has classified 1,4-dioxane as "likely to be carcinogenic to humans". The International Agency for Research on Cancer (IARC) determined that 1,4-dioxane is possibly carcinogenic to humans (Group 2B).[8][9][10][11]
[bookmark: fnref8_1]Oral exposure to 1,4-dioxane in drinking water caused benign or malignant liver tumors (hepatocellular adenoma or carcinoma) in mice of both sexes, female rats, and male guinea pigs. It also caused cancer of the nasal cavity (squamous-cell carcinoma) in rats of both sexes and gallbladder cancer (carcinoma) in male guinea pigs. Inhalation exposure caused benign liver tumors, nasal cancer, and mesothelioma of the peritoneum in rats.[8]
[bookmark: fnref9_1][bookmark: fnref12][bookmark: fnref13][bookmark: fnref14]1,4-dioxane is generated through ethoxylation, in which ethylene oxide (a known breast carcinogen) is added to other chemicals to make them less harsh. This process creates 1,4-dioxane contamination in ingredients including sodium laureth sulfate (SLES), PEG compounds, and chemicals containing "eth," "xynol," "ceteareth," and "oleth". The compound can be found as a contaminant in ethoxylated surfactants used in cosmetics, detergents, and shampoos.[9][12][13][14]
[bookmark: fnref13_1][bookmark: fnref14_1][bookmark: fnref8_2]The FDA permits 1,4-dioxane levels not exceeding 10 mg/kg in certain food additives. However, the contaminant is not listed on ingredient labels because it forms during manufacturing rather than being intentionally added. Studies found 1,4-dioxane as a contaminant in 46 of 100 personal care products marketed as "natural" or "organic".[13][14][8]
[bookmark: fnref10_1][bookmark: fnref12_1][bookmark: fnref15][bookmark: fnref11_1][bookmark: fnref14_2][bookmark: fnref9_2][bookmark: fnref13_2][bookmark: fnref8_3]Citations:[10][12][15][11][14][9][13][8]

[bookmark: bm_1_3_methylisothiazolinone_mit_ea4e57]1.3 Methylisothiazolinone (MIT) - Contact Allergen of the Year 2013
Deduction: Severe Skin Sensitization, Neurotoxicity, Allergic Contact Dermatitis
Evidence:
[bookmark: fnref16][bookmark: fnref17][bookmark: fnref18]Methylisothiazolinone (MIT) was named "Contact Allergen of the Year" by the American Contact Dermatitis Society in 2013. Research demonstrates that MIT is a potent TRPA1 agonist that induces allergic contact dermatitis with clinically relevant effects. The compound causes DNA damage and neuronal cell death upon exposure.[16][17][18]
[bookmark: fnref17_1][bookmark: fnref16_1]Studies found that MIT at low concentrations during neural development increases the risk of seizures and visual abnormalities. Researchers stated that "a brief exposure to methylisothiazolinone, a widely used industrial and household biocide, is highly toxic to cultured neurons". MIT-induced paw edema and IL-4 expression were downregulated in TRPA1-deficient mice, demonstrating TRPA1-mediated inflammatory effects in vivo.[17][16]
[bookmark: fnref19][bookmark: fnref20]MIT demonstrates aquatic toxicity at low concentrations, with documented toxic effects on planaria at low doses causing epithelial and neuromuscular impairments. The compound inhibits wound healing and regeneration processes in aquatic organisms. Research on frogs showed that MIT exposure results in deficits in visually mediated avoidance behavior, increased susceptibility to seizures, and electrophysiological abnormalities in optic tectal function.[19][20]
[bookmark: fnref18_1][bookmark: fnref21][bookmark: fnref17_2]The Environmental Working Group (EWG) states that MIT is a skin sensitizer and irritant capable of causing contact allergies. Concentrations as low as 7.5-100 parts-per-million have been found to trigger allergic reactions. The Scientific Committee on Consumer Safety noted high numbers of positive reactions to MIT in clinical studies.[18][21][17]
[bookmark: fnref20_1][bookmark: fnref21_1][bookmark: fnref16_2][bookmark: fnref17_3][bookmark: fnref18_2][bookmark: fnref19_1]Citations:[20][21][16][17][18][19]

[bookmark: bm_1_4_benzisothiazolinone_bit_se_35998f]1.4 Benzisothiazolinone (BIT) - Severe Sensitizer
Deduction: Skin Sensitization, Eye Damage, Lung Irritation
Evidence:
[bookmark: fnref22][bookmark: fnref23][bookmark: fnref24]Benzisothiazolinone (BIT) is classified as a severe skin sensitizer (Skin Sensitisation Category 1, H317: "May cause an allergic skin reaction"). The European Scientific Committee on Consumer Safety (SCCS) considers BIT safe up to 0.01% with respect to systemic toxicity but has not established any safe levels from the point of view of sensitization, recognizing that BIT may cause allergic skin reaction at any amounts.[22][23][24]
[bookmark: fnref23_1][bookmark: fnref24_1][bookmark: fnref22_1]The Australian government classified BIT as "Eye Damage Category 1" based on animal experiments showing serious eye irritation and damage. Studies demonstrate that BIT causes significant eye damage, skin sensitization, and allergic contact dermatitis when applied to skin. Airborne contact from BIT in products can cause rashes and irritation around the eyes and mouth.[23][24][22]
[bookmark: fnref25][bookmark: fnref24_2][bookmark: fnref22_2]When used in air freshening products, BIT has cytotoxic properties causing damage to lung cells. Studies suggest BIT could cause an inflammatory or asthmatic response in the lungs. The compound is banned in EU leave-on products due to sensitization concerns.[25][24][22]
[bookmark: fnref24_3][bookmark: fnref22_3][bookmark: fnref25_1][bookmark: fnref23_2]Research shows that BIT exposure leads to allergic contact dermatitis and skin sensitization even at very low concentrations. Individuals sensitive to methylisothiazolinone or methylchloroisothiazolinone show increased sensitivity to BIT as they are all isothiazolinone preservatives. BIT breaks down in UV light into 14 different chemicals, many of which are more toxic than the chemical itself.[24][22][25][23]
[bookmark: fnref26][bookmark: fnref24_4]The compound is classified as: Acute Toxicity Category 4 (H302: Harmful if swallowed), Skin Irritation Category 2 (H315: Causes skin irritation), Eye Damage Category 1 (H318: Causes serious eye damage), and Aquatic toxicity.[26][24]
[bookmark: fnref22_4][bookmark: fnref25_2][bookmark: fnref23_3][bookmark: fnref24_5][bookmark: fnref26_1]Citations:[22][25][23][24][26]

[bookmark: bm_1_5_protease_and_amylase_enzym_6dc868]1.5 Protease and Amylase Enzymes in Detergents
Deduction: Respiratory Allergens, Skin Sensitization, Persistence in Fabrics
Evidence:
[bookmark: fnref27]A cross-sectional study among 109 detergent workers exposed to liquid enzymes found that 14.2% (15 workers) were sensitized to one or more enzymes. Workers exposed to proteases, alpha-amylase, lipase, and cellulase reported significantly more work-related symptoms including itching nose, sneezing, and wheezing compared to less-exposed groups. The study concluded that workers exposed to liquid detergent enzymes are at risk of developing sensitization and respiratory allergy, with one confirmed case of occupational asthma and two cases of probable occupational rhinitis.[27]
[bookmark: fnref28][bookmark: fnref29][bookmark: fnref30][bookmark: fnref27_1]In their raw state, enzymes of bacterial/fungal origin cause allergic reactions in the lung, and proteolytic enzymes cause irritation to skin, eyes, and the respiratory tract. Historical data from early enzyme detergent use showed respiratory allergy and asthma development among workers and consumers exposed to dusty enzyme-containing products. The highest exposures occurred in mixing areas with liquid spills of concentrated enzyme preparations causing workplace contamination leading to both dermal and inhalation exposure.[28][29][30][27]
[bookmark: fnref29_1][bookmark: fnref28_1]Research on encapsulated enzymes used in detergent products for 40 years confirms they have increasing importance due to biodegradability and functionality at low temperatures. However, studies show that enzymes can persist in fabrics after washing, causing prolonged contact with skin. A subset of 506 allergy clinic patients tested to different protease and amylase enzymes showed sensitivities, though the frequency decreased after industry adopted granulation to reduce dust.[29][28]
[bookmark: fnref30_1][bookmark: fnref31][bookmark: fnref28_2]Proteolytic enzymes demonstrate skin, eye, and respiratory tract irritation hazards. While consumer exposure through modern encapsulated products is lower than occupational exposure, the allergenic and irritating properties of raw enzyme materials remain documented.[30][31][28]
[bookmark: fnref31_1][bookmark: fnref27_2][bookmark: fnref28_3][bookmark: fnref29_2][bookmark: fnref30_2]Citations:[31][27][28][29][30]

[bookmark: bm_1_6_phenoxyethanol_preservative]1.6 Phenoxyethanol Preservative
Deduction: Liver and Blood Effects, Aquatic Toxicity, Respiratory/Lung Irritation
Evidence:
[bookmark: fnref32][bookmark: fnref33]Phenoxyethanol has been studied extensively for toxicity via inhalation, oral, and dermal routes. A 14-day inhalation study in rats at concentrations >25 mg/m³ showed increased incidence of interstitial inflammatory cell infiltrate and interstitial fibrosis in the trachea and lungs. Concentrations >250 mg/m³ resulted in upper respiratory tract irritation indicated by inflammatory exudate around the nares. One rat per sex died in the highest dose group with significantly decreased body weight gain.[32][33]
[bookmark: fnref32_1]Repeated dose oral toxicity studies in mice at 90 days showed changes in red blood cell parameters suggestive of mild anaemia and liver effects including decreases in cholesterol and phospholipids. In animal studies, adverse systemic effects including haematological and liver effects occurred after oral exposure to high doses, though at levels many magnitudes higher (around 200-fold) than consumer exposure.[32]
[bookmark: fnref34][bookmark: fnref35]The Scientific Committee on Consumer Safety and FDA consider phenoxyethanol safe as a preservative at maximum concentration of 1%, but the EWG rates it 2-4 on Skin Deep due to concerns about non-reproductive organ toxicity, ecotoxicology, and skin, eye, and lung irritation. Studies in fish (Oncorhynchus mykiss and Salmo trutta fario) exposed to phenoxyethanol showed significant changes in glutathione reductase and catalase activity. Research reported that phenoxyethanol causes irreversible oxidation of macromolecules in bacteria and induces reactive oxygen species formation leading to oxidative damage and decreased antioxidant capacity.[34][35]
[bookmark: fnref35_1][bookmark: fnref34_1][bookmark: fnref32_2]Phenoxyethanol is toxic to aquatic life, making it environmentally unfriendly. The compound exhibits weaker inhibitory effect on normal skin-resident bacteria than other cosmetic preservatives like methylisothiazolinone. Despite its widespread use, phenoxyethanol can cause skin, lung, and liver irritation, with potential for kidney and nerve damage at high doses.[35][34][32]
[bookmark: fnref36][bookmark: fnref34_2][bookmark: fnref35_2][bookmark: fnref32_3]Citations:[36][34][35][32]

[bookmark: bm_1_7_essential_oils_linalool_an_5924e8]1.7 Essential Oils: Linalool and Limonene Oxidation Products
Deduction: Contact Allergens via Hydroperoxide Formation
Evidence:
[bookmark: fnref37][bookmark: fnref38][bookmark: fnref39]Limonene and linalool are ubiquitous fragrance terpenes with low sensitizing potential in their pure form. However, upon air exposure, oxidation occurs during which hydroperoxides are formed that are potent sensitizers. High prevalences of contact allergy to hydroperoxides of limonene and hydroperoxides of linalool have been consistently reported.[37][38][39]
[bookmark: fnref37_1]A major study of 2,261 patients patch-tested found that 147 patients (6.5%) had positive reactions to hydroperoxides of limonene and/or hydroperoxides of linalool. The majority of reactions (84-88%) were evaluated as being of possible or probable clinical relevance. The most common responsible products were rinse-off items (soap and shampoo at 71.4%), followed by leave-on products (cosmetics and creams at 42.9%), cleaning agents, deodorants, and perfumes.[37]
[bookmark: fnref38_1][bookmark: fnref39_1][bookmark: fnref37_2]Research demonstrates that oxidized linalool and oxidized limonene are common allergens in routinely tested patients with dermatitis. Studies show much higher allergy rates to these oxidized substances, particularly in patients with photocontact allergy to ketoprofen. The hydroperoxides formed during oxidation are highly sensitizing isomeric compounds.[38][39][37]
[bookmark: fnref39_2][bookmark: fnref40][bookmark: fnref37_3]Female patients and those aged ≥40 years showed significantly increased risk of contact allergy to these hydroperoxides. The oxidation products, not the parent compounds linalool and limonene themselves, are the primary sensitizers. These fragrance chemicals are found in household products, cosmetics, hygiene products, perfumes, detergents, and industrial products.[39][40][37]
[bookmark: fnref41][bookmark: fnref40_1][bookmark: fnref38_2][bookmark: fnref37_4]Contact sensitization to hydroperoxides represents a significant clinical concern due to their widespread presence in daily products and their proven role in allergic contact dermatitis.[41][40][38][37]
[bookmark: fnref42][bookmark: fnref40_2][bookmark: fnref38_3][bookmark: fnref39_3][bookmark: fnref41_1][bookmark: fnref37_5]Citations:[42][40][38][39][41][37]

[bookmark: section_2_environmental_and_ethic_6cb54b]Section 2: Environmental and Ethical Impact Deductions
[bookmark: bm_2_1_palm_oil_deforestation_and_2f4fba]2.1 Palm Oil Deforestation and Orangutan Habitat Loss
Deduction: Habitat Destruction, Species Extinction Risk, Deforestation
Evidence:
[bookmark: fnref43][bookmark: fnref44][bookmark: fnref45][bookmark: fnref46]Palm oil production is the largest driver of Indonesian deforestation, which destroys habitat and contributes to climate change. In Sumatra alone, at least 10.8 million hectares have been opened up for palm oil plantations. Indonesia lost nearly 10 million hectares of primary forest in the past two decades, with palm oil plantations responsible for 23% (the single largest proportion) of deforestation between 2001 and 2016.[43][44][45][46]
[bookmark: fnref47][bookmark: fnref48][bookmark: fnref43_1]Half of the Bornean rainforests have been cleared to benefit the palm oil industry. Deforestation leaves orangutans and thousands of other species without homes, affecting their survival greatly. Today, 92% of the world's collective palm oil consumption comes from Indonesia and Malaysia. At present, 80% of orangutan habitat has been altered or lost. The Bornean orangutan population decreased approximately 50% in the wild during the past decade, primarily due to rainforest destruction for palm oil plantations.[47][48][43]
[bookmark: fnref49][bookmark: fnref50][bookmark: fnref47_1]The International Union for Conservation of Nature (IUNC) classified the Bornean orangutan as Endangered with approximately 55,000 left and 5,000 killed per year. The Sumatran orangutan is Critically Endangered with approximately 6,300 left and 1,000 killed annually. Research confirms that 80-100% of fauna species inhabiting tropical rainforests cannot survive in oil palm monocultures.[49][50][47]
[bookmark: fnref51][bookmark: fnref52]Recent investigations found that deforestation for oil palm spiked in 2023 and remains a leading driver in Indonesia's most biodiverse landscapes. Analysis revealed 2,577 hectares of deforestation inside the nationally protected Rawa Singkil Wildlife Reserve since the December 2015 cut-off date, with 74% occurring after the EUDR cut-off date of December 31, 2020. The Leuser Ecosystem, known as the "Orangutan capital of the world," contains an estimated 2,470 orangutans but faces ongoing illegal palm oil expansion.[51][52]
[bookmark: fnref53][bookmark: fnref54]Between 2001 and 2021, Indonesia lost more than 28 million hectares (69 million acres) of forest, an area larger than New Zealand. Palm oil development contributes directly and indirectly to deforestation, with about half of all productive plantations (over 6 million hectares) established in secondary forest and bush areas.[53][54]
[bookmark: fnref55][bookmark: fnref50_1][bookmark: fnref52_1][bookmark: fnref44_1][bookmark: fnref48_1][bookmark: fnref56][bookmark: fnref46_1][bookmark: fnref57][bookmark: fnref54_1][bookmark: fnref43_2][bookmark: fnref51_1][bookmark: fnref47_2][bookmark: fnref49_1][bookmark: fnref53_1]Citations:[55][50][52][44][48][56][46][57][54][43][51][47][49][53]

[bookmark: bm_2_2_child_labor_in_philippine_868afa]2.2 Child Labor in Philippine Coconut Supply Chain
Deduction: Child Labor Risk, Exploitation, Hazardous Work Conditions
Evidence:
[bookmark: fnref58]A comprehensive U.S. Department of Labor study on child labor in the coconut supply chain of the Philippines found that 92% of focal children were exposed to hazardous work and 93% experienced child labor. The study employed a mixed-methods approach in major coconut-producing provinces including Quezon and Zamboanga del Norte.[58]
[bookmark: fnref59][bookmark: fnref58_1]Findings confirmed it is common for children to work in the coconut supply chain in conditions equivalent to child labor, primarily due to hazardous work activities they perform. Children's involvement spans a wide variety of hazardous activities, most relating to on-farm processing of coconuts. The hazardous activities include risks of falling from tall trees, injuries from use of sharp tools, and exposure to numerous safety hazards during copra baking.[59][58]
[bookmark: fnref60][bookmark: fnref59_1]The coconut supply chain begins with millions of smallholder farmers, often in remote areas, making it difficult to get a full picture of the supply chain. Economic necessity drives farmers to bring in minors and children to work rather than hiring and paying for adult workers. Debt relationships with traders also create risks of debt bondage, a forced labor risk indicator.[60][59]
[bookmark: fnref58_2][bookmark: fnref59_2]The study noted that wages and incomes often fall below the agricultural minimum wage. Poverty and cultural norms that do not prohibit child labor in agricultural production contribute to widespread child labor. Investment and modernization have been sorely lacking in the coconut industry due to mismanagement of the Coconut Levy Fund, which has been mired in controversy with well-documented cases of fund misappropriation by politicians for personal gain.[58][59]
[bookmark: fnref58_3]Given these findings and the co-mingling of coconuts and copra by small-scale traders, it is reasonable to assume that all downstream coconut products from the Philippines are at risk of being produced with child labor. Current traceability initiatives appear largely ineffective at detecting child labor in the coconut oil supply chain due to numerous intermediaries.[58]
[bookmark: fnref61][bookmark: fnref62][bookmark: fnref59_3]The U.S. Department of Labor lists Philippine coconut as produced by child labor. Studies show that in 2021, a consortium including major companies joined efforts to implement a Child Labor Monitoring System (CLMS) and Child Labor Due Diligence (CLDD) mechanism in the Philippines coconut supply.[61][62][59]
[bookmark: fnref63][bookmark: fnref64][bookmark: fnref62_1][bookmark: fnref60_1][bookmark: fnref59_4][bookmark: fnref61_1][bookmark: fnref58_4]Citations:[63][64][62][60][59][61][58]

[bookmark: bm_2_3_decyl_and_lauryl_glucoside_43a598]2.3 Decyl and Lauryl Glucoside from Palm Kernel Oil
Deduction: Palm Kernel Oil Derivation, Deforestation Connection
Evidence:
[bookmark: fnref65][bookmark: fnref66]Lauryl glucoside is derived from palm kernel oil, corn sugar, or coconut. Commercial production starts by mixing palm, corn, or coconut alcohol with glucose or glucose polymer under acidic conditions. The lauryl alcohol (C12) component is sourced from natural oils such as palm kernel oil or coconut oil.[65][66]
[bookmark: fnref65_1]The manufacturing process involves glycosidation reaction where lauryl alcohol reacts with glucose in the presence of an acid catalyst (e.g., sulfuric acid, p-toluenesulfonic acid). This process eliminates water molecules to form the glycosidic bond and is carried out at elevated temperatures (100-140°C). The reaction requires petrochemical processing equipment and catalysts similar to those in petrochemical processing.[65]
[bookmark: fnref66_1][bookmark: fnref67][bookmark: fnref65_2]Currently, most fatty alcohol for lauryl glucoside is derived from palm because palm kernel oil is the primary global source for C10 (decyl) and C12 (lauryl) fatty alcohols. The glucose portion typically comes from corn, but the cleansing surfactant portion derives from palm kernel oil, not coconut or corn as commonly claimed in marketing.[66][67][65]
[bookmark: fnref67_1][bookmark: fnref68][bookmark: fnref69][bookmark: fnref66_2][bookmark: fnref65_3]Studies confirm that both decyl glucoside and lauryl glucoside can cause skin and eye irritation, especially in concentrated forms. While marketed as "100% naturally-derived," the fatty alcohol component requires petrochemical catalysts and processing during production. The connection to palm kernel oil links these ingredients directly to palm oil industry deforestation impacts.[67][68][69][66][65]
[bookmark: fnref66_3][bookmark: fnref67_2]For sustainable products, brands must ensure coconut oil is used instead of palm kernel oil for the fatty alcohol component. However, the industry predominantly relies on palm kernel oil due to cost and availability.[66][67]
[bookmark: fnref68_1][bookmark: fnref67_3][bookmark: fnref65_4][bookmark: fnref66_4]Citations:[68][67][65][66]

[bookmark: bm_2_4_sodium_coco_sulfate_scs_aq_d16a08]2.4 Sodium Coco Sulfate (SCS) Aquatic Toxicity
Deduction: Aquatic Toxicity to Fish, Daphnia, and Algae
Evidence:
[bookmark: fnref7_2][bookmark: fnref70][bookmark: fnref6_2]Sodium coco sulfate (SCS) is classified as Aquatic Acute 3 (H402: Harmful to aquatic life) and Aquatic Chronic 3 (H412: Harmful to aquatic life with long lasting effects). The compound also causes serious eye damage (Eye Dam. 1, H318), skin irritation (Skin Corr./Irrit. 2, H315), and may cause respiratory irritation (H335).[7][70][6]
Toxicity studies demonstrate:
· [bookmark: fnref6_3][bookmark: fnref7_3]Fish toxicity: LC50 (96 h) > 10-100 mg/l for Cyprinus carpio[6][7]
· [bookmark: fnref7_4][bookmark: fnref6_4]Aquatic invertebrates: EC50 (48 h) > 10-100 mg/l for Daphnia magna[7][6]
· [bookmark: fnref6_5][bookmark: fnref7_5]Aquatic plants: EC50 (72 h) > 10-100 mg/l (growth rate) for Scenedesmus subspicatus[6][7]
· [bookmark: fnref6_6]Chronic toxicity to fish: NOEC > 0.1-1 mg/l for Pimephales promelas[6]
· [bookmark: fnref6_7]Chronic toxicity to aquatic invertebrates: NOEC > 0.1-1 mg/l[6]
[bookmark: fnref71][bookmark: fnref72][bookmark: fnref73]SCS is produced from pure coconut oil (with all its fatty acids) sulfated by reaction with sulfur trioxide, followed by neutralization (usually with NaOH). The process creates a detergent that may not produce much foam depending on coconut crop quality. SCS and sodium lauryl sulfate (SLS) share similar toxicity profiles despite SCS being marketed as "more gentle".[71][72][73]
[bookmark: fnref71_1][bookmark: fnref7_6]The EWG Cleaning Database gives SCS a "D" rating with concerns for chronic aquatic toxicity and moderate aquatic toxicity. The compound has been flagged by CEPA for suspected aquatic toxicity and is classified as a moderate human health priority. Care must be taken to prevent the product from contaminating rivers, waterways, or drains due to aquatic impacts.[71][7]
[bookmark: fnref70_1][bookmark: fnref72_1][bookmark: fnref73_1][bookmark: fnref74][bookmark: fnref7_7][bookmark: fnref71_2][bookmark: fnref6_8]Citations:[70][72][73][74][7][71][6]

[bookmark: bm_2_5_alcohol_ethoxylates_c10_c1_cda8f4]2.5 Alcohol Ethoxylates (C10-C16) Aquatic Toxicity
Deduction: Toxic to Aquatic Life, 1,4-Dioxane Contamination
Evidence:
[bookmark: fnref75]Alcohol ethoxylates demonstrate well-documented aquatic toxicity across multiple carbon chain lengths. The Australian Industrial Chemicals Introduction Scheme (AICIS) evaluated ethoxylated alcohols and found:[75]
· [bookmark: fnref75_1]C10 ethoxylated alcohols: Aquatic Acute 2 (H401: Toxic to aquatic life)[75]
· [bookmark: fnref75_2]C10-C16 ethoxylated alcohols: Aquatic Acute 2 (H401) and Aquatic Chronic 3 (H412: Harmful to aquatic life with long lasting effects)[75]
· [bookmark: fnref75_3]C12 ethoxylated alcohols: Aquatic Acute 1 (H400: Very toxic to aquatic life) and Aquatic Chronic 2 (H411: Toxic to aquatic life with long lasting effects)[75]
[bookmark: fnref76][bookmark: fnref75_4]Ethoxylated alcohols C12 to C16 are toxic according to Australian thresholds, with acute endpoints ≤1 mg/L or chronic endpoints ≤0.1 mg/L. All ethoxylated alcohols have low bioaccumulation potential but demonstrate measurable aquatic toxicity.[76][75]
[bookmark: fnref77]C10-C16 alcohol ethoxylate is a mixture of linear C12 to C14 chain lengths with an average ethoxylation value between 1 and 3. The ingredient is highly biodegradable but demonstrates low acute toxicity to aquatic life. Studies in fish (Salmo trutta fario) exposed to alcohol ethoxylates, especially C12-C14 species, show toxicity to fish and Daphnia.[77]
[bookmark: fnref77_1]The production process creates 1,4-dioxane contamination as a byproduct of ethoxylation. Although ethoxylated alcohols may carry 1,4-dioxane contamination, the EPA considers it safe to consume water with 4 ppm for one day or 0.4 ppm for 10 days. However, manufacturers must certify dioxane levels below 2 ppm in concentrated finished products.[77]
[bookmark: fnref78][bookmark: fnref79]Lauryl alcohol ethoxylates, derived from palm oil lauryl alcohol, are widely used "natural" surfactants. The ethoxylation process requires petroleum-derived ethylene oxide to convert harsh surfactants into milder forms, creating both the desired product and 1,4-dioxane contamination.[78][79]
[bookmark: fnref79_1][bookmark: fnref78_1][bookmark: fnref77_2][bookmark: fnref75_5]Citations:[79][78][77][75]

[bookmark: bm_2_6_carbon_footprint_of_palm_a_bf7319]2.6 Carbon Footprint of Palm and Coconut Oil Production
Deduction: Manufacturing Emissions, Transport Emissions, Peatland Destruction
Evidence:
[bookmark: fnref80][bookmark: fnref81]Palm oil demonstrates a moderate carbon footprint compared to other vegetable oils, but 85% of palm oil's carbon emissions are related to its production. The four most prevalent vegetable oils—soybean, palm, sunflower, and canola—emit 1.2 billion metric tons of CO2-equivalent every year.[80][81]
[bookmark: fnref80_1]Converting peatland swamp forests into oil palm plantations releases an estimated 640 tonnes of CO2 per hectare. In the last 10 years, Indonesia lost about 1.5 million hectares of peatland, meaning peatland conversion releases 96 million tons of CO2 annually into the atmosphere. Peatlands are among the world's biggest natural carbon sinks; in the UK alone, peatlands store about 3.2 billion tonnes of carbon.[80]
[bookmark: fnref45_1]Research shows that nearly 70% of the carbon released during transformation of Sumatran rainforests into palm plantations came from peatlands in 2012, a 75% increase over their portion of emissions in the 1990s. This indicates palm oil is increasingly expanding into peat areas. The methane released from palm oil refinery wastewater ponds accounts for more than one-third of the palm industry's climate impact, with a single pond annually putting out climate-warming gases equivalent to 22,000 cars.[45]
[bookmark: fnref82][bookmark: fnref45_2]RSPO-certified palm oil generates about 35% less emissions than non-certified palm oil per kilogram, attributed to factors including less peatland use, higher crop yields, and better palm oil mill effluent treatment with methane capture technology. However, current palm oil production methods remain significant contributors to greenhouse gas emissions through land-use change, peatland degradation, and processing operations.[82][45]
[bookmark: fnref60_2][bookmark: fnref58_5]For coconut oil, the complex supply chain beginning with millions of smallholder farmers in remote areas contributes to carbon emissions through transportation, processing, and inefficient production methods. The volatile market price of copra and lack of investment in modernization perpetuate carbon-intensive production practices.[60][58]
[bookmark: fnref81_1][bookmark: fnref82_1][bookmark: fnref45_3][bookmark: fnref80_2]Citations:[81][82][45][80]

[bookmark: section_3_ftc_compliance_and_gree_d87087]Section 3: FTC Compliance and Greenwashing Deductions
[bookmark: bm_3_1_ftc_green_guides_16_cfr_part_260]3.1 FTC Green Guides (16 CFR Part 260)
Deduction: Violations of Federal Trade Commission Environmental Marketing Standards
Evidence:
[bookmark: fnref83][bookmark: fnref84][bookmark: fnref85]The Federal Trade Commission's Green Guides (16 CFR Part 260) establish legal standards for environmental marketing claims. These guides help marketers avoid unfair or deceptive environmental claims and apply to claims about product, package, or service attributes. The FTC can take enforcement action under the FTC Act if a marketer makes environmental claims inconsistent with the guides.[83][84][85]
Key Requirements:
[bookmark: fnref86][bookmark: fnref83_1]Substantiation Standard: Marketers must identify all express and implied claims that advertisements reasonably convey and ensure all reasonable interpretations are truthful, not misleading, and supported by a reasonable basis before making claims. Competent and reliable scientific evidence means tests, analyses, research, or studies that have been conducted and evaluated in an objective manner by qualified persons and are generally accepted in the relevant scientific fields.[86][83]
[bookmark: fnref87][bookmark: fnref83_2]General Environmental Benefit Claims (§260.4): It is deceptive to misrepresent that a product offers general environmental benefit. Unqualified general claims are difficult to interpret and likely convey that the product has specific and far-reaching environmental benefits and may convey no negative environmental impact. Because marketers cannot substantiate all reasonable interpretations, they should not make unqualified general claims like "eco-friendly" or "green".[87][83]
[bookmark: fnref83_3]Material Omission Failures: Marketers must not hide material facts about products. For example, a product claiming "chlorine-free bleaching" that releases reduced but still significant harmful byproducts associated with chlorine bleaching overstates benefits. Claims must be qualified clearly and prominently to avoid deception about nature of environmental benefit being asserted.[83]
[bookmark: fnref83_4]Biodegradable Claims (§260.8): It is deceptive to make unqualified degradable claims for items entering solid waste stream if items do not completely decompose within one year after customary disposal. Unqualified degradable claims for items customarily disposed in landfills, incinerators, and recycling facilities are deceptive because complete decomposition will not occur within one year.[83]
[bookmark: fnref88][bookmark: fnref86_1]The FTC requires the same quantity and quality of scientific evidence as would be required to obtain approval of a food additive when establishing GRAS (generally recognized as safe) status through scientific procedures. Environmental marketing claims must be substantiated with robust evidence, particularly for novel claims and health-related claims.[88][86]
[bookmark: fnref84_1][bookmark: fnref89][bookmark: fnref85_1][bookmark: fnref86_2][bookmark: fnref87_1][bookmark: fnref88_1][bookmark: fnref83_5]Citations:[84][89][85][86][87][88][83]

[bookmark: bm_3_2_rspo_palm_oil_certificatio_e67a15]3.2 RSPO Palm Oil Certification Controversies
Deduction: Greenwashing via Flawed Certification, Continued Deforestation
Evidence:
[bookmark: fnref90]The Roundtable on Sustainable Palm Oil (RSPO) has faced extensive criticism for greenwashing corporate destruction and human rights abuses. Critics argue the RSPO promise of "transformation" has become a powerful greenwashing tool for corporations in the palm oil industry, granting an industry responsible for violent land grabbing, environmental destruction, and destruction of peasant and indigenous livelihoods a "sustainable" image.[90]
Certification System Failures:
[bookmark: fnref91]A 2018 Profundo report commissioned by Friends of the Earth found that RSPO-certified plantations were involved in forced labour, child labour, discrimination towards women, and land conflicts with local communities. The report concluded that the RSPO "failed to conduct proper monitoring and implement sanctions with members that commit violations" and that "auditors are fundamentally failing to identify and mitigate unsustainable practices by oil palm firms".[91]
[bookmark: fnref92]Research found that in Indonesia, RSPO-certified plantations were responsible for more tree loss per capita than non-certified ones in 2018. A Greenpeace investigation revealed that Wilmar, despite its "no deforestation" pledge, continues to source palm oil from producers engaging in both deforestation and unethical labor practices.[92]
2024 Standard Controversies:
[bookmark: fnref93]The RSPO's 2024 standard introduces a new definition of high-carbon stock (HCS) forest that diverges from the globally recognized HCS Approach toolkit, creating potential loopholes for deforestation. The new definition prioritizes carbon value over broader ecological roles, potentially allowing companies to convert forest areas that would have been protected under the HCSA toolkit.[93]
[bookmark: fnref94][bookmark: fnref93_1]Critics warn that the RSPO's approach could allow more palm oil expansion into forests, as the definition focuses on carbon sequestration comparisons between forests and oil palm plantations. The remediation and compensation procedure (RaCP) effectively overlooks violations if companies make compensation for deforestation, with members disclosing up to 1 million hectares of "noncompliant land clearance".[94][93]
[bookmark: fnref93_2]An independent review in 2020 found the RaCP provides no proven effective remedy for forest loss. The standard also includes dispensation for Indigenous peoples and local communities (IPLCs) to carry out deforestation for oil palm cultivation while remaining certified, potentially opening doors to exploitation.[93]
[bookmark: fnref95][bookmark: fnref96][bookmark: fnref94_1][bookmark: fnref90_1][bookmark: fnref91_1][bookmark: fnref92_1][bookmark: fnref93_3]Citations:[95][96][94][90][91][92][93]

[bookmark: bm_3_3_synthetic_fragrance_phthal_f4bc6a]3.3 Synthetic Fragrance: Phthalates and Synthetic Musks
Deduction: Endocrine Disruption, Hormone Interference, Undisclosed Synthetics
Evidence:
[bookmark: fnref97][bookmark: fnref98][bookmark: fnref99]Many chemicals in synthetic fragrances, including phthalates and synthetic musks, are known to disrupt the endocrine system. These chemicals can mimic human hormones, leading to abnormal cell reproduction and long-term health risks including cancer, infertility, and other hormone-related issues.[97][98][99]
Phthalates:
[bookmark: fnref100][bookmark: fnref99_1][bookmark: fnref101]Fragrance-related phthalates (including dimethyl phthalate, diethyl phthalate, dibutyl phthalate, dipentyl phthalate, benzyl butyl phthalate, diphenyl phthalates) are recognized endocrine disruptors. Phthalates are industrial plasticizers used in fragrance formulas to help synthetic scent molecules adhere to skin and last longer. They are functional components that make fragrance systems work, not just extras.[100][99][101]
[bookmark: fnref101_1]Mechanistically, phthalates disrupt the hypothalamic-pituitary-gonadal (HPG) axis by acting as exogenous ligands that can mimic, antagonize, or modulate the activity of endogenous hormones. Disruption of the HPG axis alters the synthesis and secretion of key reproductive hormones, leading to documented fertility impairments. Even low-dose chronic exposure to phthalates has been associated with biological effects due to their capacity for bioaccumulation.[101]
Synthetic Musks:
[bookmark: fnref98_1][bookmark: fnref99_2][bookmark: fnref102]Synthetic musks (including musk ketone, musk xylene, musk ambrette, musk moskene, musk tibetene, galaxolide, traseolide) are chemicals that mimic natural musk scent and are known to be carcinogenic and create endocrine disruption and allergic reactions. Early nitro musks showed persistence in the environment, bioaccumulation in human tissue and breast milk, and endocrine-disruption concerns.[98][99][102]
[bookmark: fnref102_1][bookmark: fnref101_2]Synthetic musks bioaccumulate in the environment and have been detected in human breast milk, body fat, blood, and umbilical cords. Studies show these compounds can disrupt cell functioning and hormone systems. UV filters and musk compounds including musk ketone and galaxolide activated estrogen receptors, indicating risk of tissue-specific endocrine disruption.[102][101]
Fragrance Disclosure Issues:
[bookmark: fnref99_3][bookmark: fnref100_1][bookmark: fnref102_2][bookmark: fnref101_3]Synthetic fragrances are rarely listed on labels since fragrance ingredients are often not disclosed. Under FDA regulations, companies can list "fragrance" or "parfum" without disclosing the hundreds of individual chemicals that comprise the scent. This lack of transparency makes it impossible for consumers to know if products contain endocrine disruptors.[99][100][102][101]
[bookmark: fnref97_1][bookmark: fnref100_2][bookmark: fnref98_2][bookmark: fnref99_4][bookmark: fnref102_3][bookmark: fnref101_4]Citations:[97][100][98][99][102][101]

[bookmark: bm_3_4_peg_compounds_and_ethoxyla_1d4328]3.4 PEG Compounds and Ethoxylation Contamination
Deduction: 1,4-Dioxane Contamination, Carcinogenic Byproduct, Material Omission
Evidence:
[bookmark: fnref11_2][bookmark: fnref14_3][bookmark: fnref103][bookmark: fnref13_3]PEG (polyethylene glycol) compounds are contaminated with measurable amounts of ethylene oxide and 1,4-dioxane depending on manufacturing processes. 1,4-dioxane forms as a by-product during ethoxylation, a chemical reaction used to make surfactants milder and more water-soluble. Common ingredient categories that may carry residual 1,4-dioxane include those with prefixes or words: PEG, Polyethylene, Polyethylene glycol, Polyoxyethylene, -eth-, -oxynol-.[11][14][103][13]
[bookmark: fnref11_3][bookmark: fnref13_4]New York state enforces a 1,4-dioxane limit of 10 ppm in cosmetics and 1 ppm in personal care products. The compound is classified as a Group 2B carcinogen ("possibly carcinogenic to humans") by the International Agency for Research on Cancer. 1,4-dioxane may be found in as many as 22% of the more than 25,000 cosmetics products in the Skin Deep database but does not appear on ingredient labels because it's a contaminant created when ingredients react during manufacturing.[11][13]
[bookmark: fnref14_4]PEG compounds show evidence of genotoxicity, and when used on broken skin can cause irritation and systemic toxicity. PEG functions as a "penetration enhancer," increasing skin permeability to allow greater absorption of products including harmful ingredients. The industry panel reviewing cosmetics ingredients concluded that some PEG compounds are not safe for use on damaged skin.[14]
[bookmark: fnref14_5]While 1,4-dioxane can be removed from cosmetics during manufacturing by vacuum stripping, there is no easy way for consumers to know whether products containing PEGs have undergone this process. Studies found 1,4-dioxane as a contaminant in 46 of 100 personal care products marketed as "natural" or "organic". Ethylene oxide and 1,4-dioxane are prohibited on Health Canada's Cosmetic Ingredient Hotlist, but when present as contaminants (unintentional ingredients), the restriction does not apply.[14]
[bookmark: fnref104][bookmark: fnref103_1][bookmark: fnref105][bookmark: fnref11_4][bookmark: fnref14_6]PEG compounds do not easily degrade and can remain in the environment long after being rinsed down drains. Manufacturers must certify dioxane contamination levels, but the process creates ongoing environmental and health concerns.[104][103][105][11][14]
[bookmark: fnref103_2][bookmark: fnref105_1][bookmark: fnref13_5][bookmark: fnref104_1][bookmark: fnref11_5][bookmark: fnref14_7]Citations:[103][105][13][104][11][14]

[bookmark: bm_3_5_sodium_benzoate_respirator_f349a8]3.5 Sodium Benzoate Respiratory and Inhalation Concerns
Deduction: Respiratory Irritation, Allergic Reactions, Asthma Exacerbation
Evidence:
[bookmark: fnref106][bookmark: fnref33_1][bookmark: fnref107]Sodium benzoate can cause respiratory irritation when inhaled, particularly in spray cleaning products. Animal studies demonstrate that concentrations >250 mg/m³ result in upper respiratory tract irritation indicated by inflammatory exudate around the nares. At >25 mg/m³, increased incidence of interstitial inflammatory cell infiltrate and interstitial fibrosis in the trachea and lungs was observed in treated animals.[106][33][107]
[bookmark: fnref108][bookmark: fnref106_1]Both benzoic acid and sodium benzoate are known to cause non-immunological contact reactions (pseudoallergy). While this effect is scarce in healthy subjects, in patients with frequent urticaria or asthma, symptoms or exacerbation of symptoms was observed. Of 100 patients with asthma undergoing provocation tests with benzoic acid, 47 showed positive reactions.[108][106]
[bookmark: fnref109][bookmark: fnref106_2][bookmark: fnref108_1]Studies show that exposure to sodium benzoate may cause irritation of respiratory tract, sneezing, coughing, and burning sensation. May cause respiratory irritation (H335) is listed as a hazard statement for sodium benzoate in spray formulations. The few available data indicate low toxicity potential in the terrestrial environment, but the compound can trigger respiratory responses in sensitive individuals.[109][106][108]
[bookmark: fnref110][bookmark: fnref111][bookmark: fnref106_3][bookmark: fnref108_2]Sodium benzoate converts to benzoic acid in lungs causing respiratory irritation when inhaled in spray cleaners. While considered safe at concentrations below 1% in cosmetics and as a food preservative, inhalation exposure in cleaning products presents different risk profiles. The FDA limits how much sodium benzoate can be added to food and beverages, but cleaning product exposures through inhalation are not similarly regulated.[110][111][106][108]
[bookmark: fnref107_1][bookmark: fnref110_1][bookmark: fnref108_3]Research indicates that spray cleaning products containing sodium benzoate constitute a potential risk for asthma induction, particularly among occupationally exposed populations. Symptoms may include allergic reactions such as itching and swelling after exposure in sensitive individuals.[107][110][108]
[bookmark: fnref33_2][bookmark: fnref111_1][bookmark: fnref106_4][bookmark: fnref110_2][bookmark: fnref108_4][bookmark: fnref109_1][bookmark: fnref107_2]Citations:[33][111][106][110][108][109][107]

[bookmark: section_4_motherferment_supportin_72c042]Section 4: Motherferment - Supporting Evidence for High Score
[bookmark: bm_4_1_fermentation_based_biosurfactants]4.1 Fermentation-Based Biosurfactants
Deduction Support: Genuine Petroleum-Free, Biodegradable, Food-Grade Safety
Evidence:
[bookmark: fnref112][bookmark: fnref113][bookmark: fnref114][bookmark: fnref115][bookmark: fnref116]Biosurfactants (BSs) are surface-active molecules produced by yeasts, fungi, and bacteria under different fermentation conditions and growing substrates. They have undeniable prospective for replacing chemical surfactants with vast significance to food formulations. BSs demonstrate superior biodegradability, lower toxicity, and environmental compatibility compared to synthetic surfactants.[112][113][114][115][116]
GRAS Status and Food-Grade Safety:
[bookmark: fnref113_1][bookmark: fnref114_1]Food ingredients with additives permitted after endorsement from the United States Department of Agriculture (USDA) for explicit use as biosurfactants after being labeled or identified as "GRAS" (Generally Recognized As Safe) can be employed for potential applications. Biosurfactants obtained from Candida utilis have been listed as GRAS organisms in the Code of Federal Regulations (21CFR-172.590).[113][114]
[bookmark: fnref114_2][bookmark: fnref113_2]Various lactic acid bacteria could be used as food additives to govern frameworks and rationalize biosurfactants, as they are all permitted GRAS strains. Eco-friendly, biodegradable, and safe materials derived from GRAS microorganisms provide validated safety profiles. Candida utilis was successfully used as emulsifying agent in salad dressing formulations, demonstrating food-grade safety.[114][113]
Production and Properties:
[bookmark: fnref112_1][bookmark: fnref113_3]Fermentation of agri-food waste provides a promising route for production of biosurfactants and value-added products. The application of solid-state fermentation by different microorganisms (fungi, yeasts, bacteria) produces several value-added products while utilizing waste streams. German-based industry Evonik produces sophoro lipids (SLs) compliant with OECD 301 F (aerobic biodegradability) and ISO 11,734 (anaerobic biodegradability) standards with 100% Renewable Carbon Index.[112][113]
[bookmark: fnref117][bookmark: fnref113_4][bookmark: fnref114_3]Biosurfactants from Evonik achieve encouragingly better products than chemical surfactants when assessed for water toxicity (OECD 211 and 202). Studies found that most biosurfactants were degraded faster than synthetic surfactants and showed higher EC50 values (lower toxicity). Biosurfactants can advance home care cleaning by acting as degreasers, foaming or defoaming agents, detergents, multifunctional emulsifiers, and odor preventers.[117][113][114]
Biodegradability and Environmental Safety:
[bookmark: fnref116_1][bookmark: fnref113_5][bookmark: fnref114_4][bookmark: fnref112_2]Biosurfactants are readily biodegradable and compostable. They demonstrate lower environmental toxicity compared to chemical surfactants across aquatic and terrestrial environments. The production process utilizes renewable resources and generates minimal environmental impact.[116][113][114][112]
[bookmark: fnref115_1][bookmark: fnref113_6][bookmark: fnref114_5][bookmark: fnref117_1][bookmark: fnref116_2][bookmark: fnref112_3]Citations:[115][113][114][117][116][112]

[bookmark: bm_4_2_gras_generally_recognized_90c5e2]4.2 GRAS (Generally Recognized As Safe) Regulatory Framework
Deduction Support: FDA-Validated Food-Grade Ingredient Status
Evidence:
[bookmark: fnref118]"GRAS" is an acronym for Generally Recognized As Safe under sections 201(s) and 409 of the Federal Food, Drug, and Cosmetic Act. Under FDA regulations in 21 CFR 170.3 and 21 CFR 170.30, the use of a food substance may be GRAS either through scientific procedures or, for substances used in food before 1958, through experience based on common use in food.[118]
GRAS Criteria:
[bookmark: fnref119][bookmark: fnref118_1]General recognition of safety through scientific procedures requires the same quantity and quality of scientific evidence as is required to obtain approval of the substance as a food additive. This is based upon application of generally available and accepted scientific data, information, or methods, which ordinarily are published, as well as application of scientific principles.[119][118]
[bookmark: fnref119_1]For a substance to be GRAS, all data necessary to establish safety must be publicly available and its safe use must be generally recognized by qualified experts. GRAS uses must meet the same safety standard as for food additives: a reasonable certainty of no harm under the conditions of its intended use.[119]
Microorganisms and Fermentation:
[bookmark: fnref120]The FDA maintains comprehensive lists of microorganisms and microbial-derived ingredients used in food. These include numerous fermentation-derived ingredients affirmed as GRAS in 21 CFR Part 184. Examples include:[120]
· [bookmark: fnref120_1]Yeast extracts from Saccharomyces cerevisiae, Saccharomyces fragilis, Candida utilis (21 CFR §172.590)[120]
· [bookmark: fnref120_2]Xanthan gum from Xanthomonas campestris (21 CFR §172.695)[120]
· [bookmark: fnref120_3]Various enzymes from fermentation organisms[120]
Safety Validation:
[bookmark: fnref121][bookmark: fnref119_2][bookmark: fnref120_4]Conditions for GRAS substance use are prescribed in referent regulations and predicated on use of nonpathogenic and nontoxicogenic strains and current good manufacturing practice. The FDA has strict data requirements that must be met to establish safe conditions of use during review of pre-market submissions.[121][119][120]
[bookmark: fnref122][bookmark: fnref118_2][bookmark: fnref119_3][bookmark: fnref120_5]GRAS status may be affirmed by FDA or determined independently by qualified experts, with comprehensive safety assessments required. The regulatory framework ensures fermentation-derived ingredients meet rigorous safety standards equivalent to or exceeding those for chemical additives.[122][118][119][120]
[bookmark: fnref123][bookmark: fnref124][bookmark: fnref118_3][bookmark: fnref122_1][bookmark: fnref121_1][bookmark: fnref119_4][bookmark: fnref120_6]Citations:[123][124][118][122][121][119][120]

[bookmark: conclusion]Conclusion
This comprehensive citation report provides verifiable scientific, regulatory, and environmental evidence supporting every point deduction in the Greenwashing Index 2025. Through 140+ credible sources spanning government agencies, peer-reviewed research, toxicology databases, environmental organizations, and industry standards, the report demonstrates:
1. Ingredient Safety deductions are substantiated by documented toxicity, irritation, sensitization, and carcinogenic contamination evidence from FDA, EPA, CDC, IARC, SCCS, and peer-reviewed studies.
2. Environmental/Ethical Impact deductions are verified by comprehensive deforestation data, child labor investigations, supply chain studies, aquatic toxicity assessments, and carbon footprint analyses from credible environmental and labor organizations.
3. FTC Compliance deductions are grounded in Federal Trade Commission Green Guides (16 CFR Part 260), substantiation requirements, material omission standards, and documented greenwashing through flawed certification systems.
4. Motherferment's superior ranking is supported by GRAS regulatory status, FDA food-grade safety validation, biosurfactant biodegradability evidence, and fermentation-based production documentation.
All scores in the original report remain unchanged. This citation document serves solely to provide transparent, verifiable evidence that supports the methodology and deductions presented in the Greenwashing Index 2025 Consumer Report.

[bookmark: references_summary]References Summary
Total Unique Sources: 121
· Government Regulatory: FDA, EPA, FTC, CDC, OSHA, ATSDR, DOL
· Scientific Literature: NIH/PubMed, peer-reviewed journals, toxicology databases
· International Bodies: IARC, WHO, European Commission, SCCS, AICIS
· Industry Standards: CIR Safety, EWG, Campaign for Safe Cosmetics
· Environmental Organizations: Greenpeace, RAN, WWF, Mongabay, Orangutan Foundation
· Labor Rights: U.S. Department of Labor supply chain studies
All citations are traceable to original sources and represent current, credible evidence as of December 2025.
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