














norepinephrine, glutamate and GABA).
Aluminium enters the brain in measurable quantities, even when trace levels are contained in a glass of tap water. Other sources of bioavailable
aluminium include baking powder, antacids and aluminium products used for general food preparation and storage (over 12 months, aluminium
levels in soft drink packed in aluminium cans rose from 0.05 to 0.9 mg/l). [Walton, J and Bryson-Taylor, D. - Chemistry in Australia, August 1995]

Polymax 7540L
TOXICITY IRRITATION

Not Available Not Available

aluminium chlorohydrate

TOXICITY IRRITATION

dermal (rat) LD50: >2000 mg/kg[1] Eye: no adverse effect observed (not irritating)[1]

Inhalation(Rat) LC50: >1<5 mg/l4h[1] Skin (human): 150 mg/30 s - mild

Oral (Mouse) LD50; 316 mg/kg[2] Skin: no adverse effect observed (not irritating)[1]

diallyldimethylammonium
chloride homopolymer

TOXICITY IRRITATION

Oral (Mouse) LD50; 1720 mg/kg[2] Not Available

sodium gluconate
TOXICITY IRRITATION

Oral (Rat) LD50: >2000 mg/kg[2] Not Available

water
TOXICITY IRRITATION

Oral (Rat) LD50: >90000 mg/kg[2] Not Available

Legend: 1. Value obtained from Europe ECHA Registered Substances - Acute toxicity 2. Value obtained from manufacturer's SDS. Unless otherwise
specified data extracted from RTECS - Register of Toxic Effect of chemical Substances

ALUMINIUM
CHLOROHYDRATE

for aluminium chloride: Reproductive effector in rats
Aluminium compounds are widely used in antiperspirants without harmful effects to the skin Some people, however, are unusually sensitive to
topically applied aluminium compounds. Skin irritation was reported in subjects following the application of aluminium chloride hexahydrate in
ethanol used for the treatment of axillary or palmar hyperhidrosis (excessive sweating) or the use of a crystal deodorant containing alum
Aluminium in antiperspirants is thought to work by (a) precipitating inside the eccrine sweat ducts as insoluble aluminium hydroxide, and (b)
altering sweating by either a direct constrictor effect on the eccrine duct lumen or via an anticholinergic action.
For cosmetic uses of aluminium, the majority would be applied in formulations where the aluminium would be insoluble, which means that very
little of the applied aluminium might be bioaccessible for skin absorption. The notable exception being antiperspirants where the aluminium is
soluble at low pH in the formulation,before being rendered insoluble as it is neutralised by the sweat on the skin s surface and within the sweat
ducts.
There are limited human data on the dermal absorption of aluminium. Aluminium compounds are common additives in underarm antiperspirants.
The active ingredient is usually an aluminium chlorohydrate salt, which is thought to form an obstructive plug of aluminium hydroxide within the
sweat duct
A preliminary study of the dermal absorption of aluminium from antiperspirants using aluminum-26 has been performed . After repeated
exposure for 6 days to aluminum chlorohydrate 21 % (about 13 mg of aluminium) to each axilla under occlusive dressing in two volunteers (one
man and a woman), on skin previously tape stripped twice,
blood and urine samples were collected. Aluminium was detected in the blood 6 hours after the first application and remained detectable for 15
days. The results of this study estimate that the proportion of aluminium is absorbed averaged 0.012% The shortcomings of this study are that it
was not done in accordance with good practice (GCP) and it was performed using only 2 volunteers.
A case of hyperaluminaemia 3.88 +/- 0.07 umol/L) in a 43-year-old woman who applied about 1g of an aluminium chlorhydrate-containing
antiperspirant cream on each shaved underarm every morning for 4 years was reported A decrease in aluminium concentration in plasma and
urine was observed, reaching the reference range in the third (for urine) and eighth (for plasma) month after antiperspirant use was
discontinued.
Beside this case report, for which only brief details are available, thereis no evidence for a link between hyperaluminaemia and antiperspirant
uses.
Based on the observation of a high incidence of breast cancer in the upper outer quadrant adjacent to the usual area of application of
deodorants and/or antiperspirants, some scientific teams have advanced the hypothesis of a possible link between antiperspirants and breast
cancer.
Aluminium was measured in human breast tissue in a study which separated a tissue component from the fat. Higher levels of aluminium were
found in outer regions than inner regions of the breast tissue (but not the breast fat). The reasons for the disproportionate deposition of
aluminium could relate to physiological mechanisms not yet understood, it would also be consistent with local absorption of aluminium from
long-term antiperspirant use in that region of the body
In another study, aluminium was measured at very high levels in breast cyst fluid On the basis that antiperspirant is designed to block sweat
ducts under the arm and breast cysts arise from blocked breast ducts in the adjacent region of the body, it is possible that antiperspirant use
could be a cause of breast cysts if sufficient aluminium is absorbed into breast tissue over long-term usage of underarm aluminium salts. For the
authors, finding of high levels of aluminium in breast cyst fluid is relevant to this issue.
The known genotoxic effects of aluminium might play a role in the development of breast cancer. However, the data currently available on the
subject are not sufficient to establish a causal relationship between aluminium exposure and the augmented risk of developing breast cancer.
Few epidemiological studies have attempted to address the issue of exposure to antiperspirant and risk of breast cancer development. A group
of clinical experts in oncology have analysed published data concerning the link between the use of deodorants/antiperspirants and an
increased risk of breast cancer. Fifty-nine studies resulting from the literature search were reviewed and nineteen articles with various
methodologies were selected for in-depth analysis. Among these nineteen articles, any are methodologically unsound, do not answer to the
questions posed or deal with the question of parabens and were therefore discarded by the reflection group. The expert group's conclusion
coincides with those of the French, European and American health authorities. After analysis of the available literature on the subject, no
scientific evidence to support the hypothesis was identified and no validated hypothesis appears likely to open the way to interesting avenues of
research.
The indirect mechanisms of genotoxicity, occurring at relatively high levels of exposure, are unlikely to be of relevance for humans exposed to
aluminium via the diet. In addition, the animal studies did not show any carcinogenic potential. Moreover, epidemiological data do not establish
any conclusive link between dermal aluminium exposure and development of cancer. In conclusion, there are insufficient data to establish a
clear relationship between the use of underarm aluminium-based antiperspirants and breast cancer
Studies have shown that aluminium chloride promotes nchorage-independent growth in human mammary epithelial cells. Their results suggest
that aluminium is not generally mutagenic, but it induces proliferation stress, DSBs and senescence in normal mammary epithelial cells; and that
long-term exposure to AlCl(3) generates and selects for cells able to bypass p53/p21(Waf1)-mediated cellular senescence. The authors
conclude that these observations do not formally identify aluminium as a breast carcinogen, but challenge the safety ascribed to its widespread
use in underarm cosmetic
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The Scientific Committee on Consumer Safety (SCCS) of the European Commission is of the opinion that due to the lack of adequate data on
dermal penetration to estimate the internal dose of aluminium following cosmetic uses, risk assessment cannot be performed. Therefore internal
exposure to aluminium after skin application should be determined using a human exposure study under use conditions
OPINION ON the safety of aluminium in cosmetic products: March 2014
For aluminium compounds:
Aluminium present in food and drinking water is poorly absorbed through the gastrointestinal tract. The bioavailability of aluminium is dependent
on the form in which it is ingested and the presence of dietary constituents with which the metal cation can complex Ligands in food can have a
marked effect on absorption of aluminium, as they can either enhance uptake by forming absorbable (usually water soluble) complexes (e.g.,
with carboxylic acids such as citric and lactic), or reduce it by forming insoluble compounds (e.g., with phosphate or dissolved silicate).
Considering the available human and animal data it is likely that the oral absorption of aluminium can vary 10-fold based on chemical form
alone. Although bioavailability appears to generally parallel water solubility, insufficient data are available to directly extrapolate from solubility in
water to bioavailability.
For oral intake from food, the European Food Safety Authority (EFSA) has derived a tolerable weekly intake (TWI) of 1 milligram (mg) of
aluminium per kilogram of bodyweight. In its health assessment, the EFSA states a medium bioavailability of 0.1 % for all aluminium compounds
which are ingested with food. This corresponds to a systemically available tolerable daily dose of 0.143 microgrammes (µg) per kilogramme (kg)
of body weight. This means that for an adult weighing 60 kg, a systemically available dose of 8.6 µg per day is considered safe.
Based on a neuro-developmental toxicity study of aluminium citrate administered via drinking water to rats, the Joint FAO/WHO Expert
Committee on Food Additives (JECFA) established a Provisional Tolerable Weekly Intake (PTWI) of 2 mg/kg bw (expressed as aluminium) for all
aluminium compounds in food, including food additives. The Committee on Toxicity of chemicals in food, consumer products and the
environment (COT) considers that the derivation of this PTWI was sound and that it should be used in assessing potential risks from dietary
exposure to aluminium.
The Federal Institute for Risk Assessment (BfR) of Germany has assessed the estimated aluminium absorption from antiperspirants. For this
purpose, the data, derived from experimental studies, on dermal absorption of aluminium from antiperspirants for healthy and damaged skin was
used as a basis. At about 10.5 µg, the calculated systemic intake values for healthy skin are above the 8.6 µg per day that are considered safe
for an adult weighing 60 kg. If aluminium -containing antiperspirants are used on a daily basis, the tolerable weekly intake determined by the
EFSA is therefore exceeded. The values for damaged skin, for example injuries from shaving, are many times higher. This means that in case of
daily use of an aluminium-containing antiperspirant alone, the TWI may be completely exhausted. In addition, further aluminium absorption
sources such as food, cooking utensils and other cosmetic products must be taken into account
Systemic toxicity after repeated exposure
No studies were located regarding dermal effects in animals following intermediate or chronic-duration dermal exposure to various forms of
aluminium.
When orally administered to rats, aluminium compounds (including aluminium nitrate, aluminium sulfate and potassium aluminium sulfate) have
produced various effects, including decreased gain in body weight and mild histopathological changes in the spleen, kidney and liver of rats (104
mg Al/kg bw/day) and dogs (88-93 mg Al/kg bw/day) during subchronic oral exposure. Effects on nerve cells, testes, bone and stomach have
been reported at higher doses. Severity of effects increased with dose.
The main toxic effects of aluminium that have been observed in experimental animals are neurotoxicity and nephrotoxicity. Neurotoxicity has
also been described in patients dialysed with water containing high concentrations of aluminium, but epidemiological data on possible adverse
effects in humans at lower exposures are inconsistent
Reproductive and developmental toxicity:
Studies of reproductive toxicity in male mice (intraperitoneal or subcutaneous administration of aluminium nitrate or chloride) and rabbits
(administration of aluminium chloride by gavage) have demonstrated the ability of aluminium to cause testicular toxicity, decreased sperm quality
in mice and rabbits and reduced fertility in mice. No reproductive toxicity was seen in females given aluminium nitrate by gavage or dissolved in
drinking water. Multi-generation reproductive studies in which aluminium sulfate and aluminium ammonium sulfate were administered to rats in
drinking water, showed no evidence of reproductive toxicity
High doses of aluminium compounds given by gavage have induced signs of embryotoxicity in mice and rats in particular, reduced fetal body
weight or pup weight at birth and delayed ossification. Developmental toxicity studies in which aluminium chloride was administered by gavage
to pregnant rats showed evidence of foetotoxicity, but it was unclear whether the findings were secondary to maternal toxicity. A twelve-month
neuro-development with aluminium citrate administered via the drinking water to Sprague-Dawley rats, was conducted according to Good
Laboratory Practice (GLP). Aluminium citrate was selected for the study since it is the most soluble and bioavailable aluminium salt. Pregnant
rats were exposed to aluminium citrate from gestational day 6 through lactation, and then the offspring were exposed post-weaning until
postnatal day 364. An extensive functional observational battery of tests was performed at various times. Evidence of aluminium toxicity was
demonstrated in the high (300 mg/kg bw/day of aluminium) and to a lesser extent, the mid-dose groups (100 mg/kg bw/day of aluminium). In the
high-dose group, the main effect was renal damage, resulting in high mortality in the male offspring. No major neurological pathology or
neurobehavioural effects were observed, other than in the neuromuscular subdomain (reduced grip strength and increased foot splay). Thus, the
lowest observed adverse effect level (LOAEL) was 100 mg/kg bw/day and the no observed adverse effect level (NOAEL) was 30 mg/kg bw/day.
Bioavailability of aluminium chloride, sulfate and nitrate and aluminium hydroxide was much lower than that of aluminium citrate This study was
used by JECFA as key study to derive the PTWI.
Genotoxicity
Aluminium compounds were non-mutagenic in bacterial and mammalian cell systems, but some produced DNA damage and effects on
chromosome integrity and segregation in vitro. Clastogenic effects were also observed in vivo when aluminium sulfate was administered at high
doses by gavage or by the intraperitoneal route. Several indirect mechanisms have been proposed to explain the variety of genotoxic effects
elicited by aluminium salts in experimental systems. Cross-linking of DNA with chromosomal proteins, interaction with microtubule assembly and
mitotic spindle functioning, induction of oxidative damage, damage of lysosomal membranes with liberation of DNAase, have been suggested to
explain the induction of structural chromosomal aberrations, sister chromatid exchanges, chromosome loss and formation of oxidized bases in
experimental systems. The EFSA Panel noted that these indirect mechanisms of genotoxicity, occurring at relatively high levels of exposure, are
unlikely to be of relevance for humans exposed to aluminium via the diet. Aluminium compounds do not cause gene mutations in either bacteria
or mammalian cells. Exposure to aluminium compounds does result in both structural and numerical chromosome aberrations both in in-vitro
and in-vivo mutagenicity tests. DNA damage is probably the result of indirect mechanisms. The DNA damage was observed only at high
exposure levels.
Carcinogenicity.
The available epidemiological studies provide limited evidence that certain exposures in the aluminium production industry are carcinogenic to
humans, giving rise to cancer of the lung and bladder. However, the aluminium exposure was confounded by exposure to other agents including
polycyclic aromatic hydrocarbons, aromatic amines, nitro compounds and asbestos. There is no evidence of increased cancer risk in
non-occupationally exposed persons.
Neurodegenerative diseases.
Following the observation that high levels of aluminium in dialysis fluid could cause a form of dementia in dialysis patients, a number of studies
were carried out to determine if aluminium could cause dementia or cognitive impairment as a consequence of environmental exposure over
long periods. Aluminium was identified, along with other elements, in the amyloid plaques that are one of the diagnostic lesions in the brain for
Alzheimer disease, a common form of senile and pre-senile dementia. some of the epidemiology studies suggest the possibility of an
association of Alzheimer disease with aluminium in water, but other studies do not confirm this association. All studies lack information on
ingestion of aluminium from food and how concentrations of aluminium in food affect the association between aluminium in water and Alzheimer
disease.” There are suggestions that persons with some genetic variants may absorb more aluminium than others, but there is a need for more
analytical research to determine whether aluminium from various sources has a significant causal association with Alzheimer disease and other
neurodegenerative diseases.Aluminium is a neurotoxicant in experimental animals. However, most of the animal studies performed have several
limitations and therefore cannot be used for quantitative risk assessment.
Contact sensitivity:
It has been suggested that the body burden of aluminium may be linked to different iseases. Macrophagic myofasciitis and chronic fatigue
syndrome can be caused by aluminium-containing adjuvants in vaccines. Macrophagic myofasciitis (MMF) has been described as a disease in
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adults presenting with ascending myalgia and severe fatigue following exposure to aluminium hydroxide-containing vaccines The corresponding
histological findings include aluminium-containing macrophages infiltrating muscle tissue at the injection site. The hypothesis is that the
long-lasting granuloma triggers the development of the systemic syndrome.
Aluminium acts not only as an adjuvant,stimulating the immune system either to fend off infections or to tolerate antigens, it also acts as a
sensitisers causing contact allergy and allergic contact dermatitis. In general, metal allergies are very common and aluminium is considered to
be a weak allergen. A metal must be ionised to be able to act as a contact allergen, then it has to undergo haptenisation to be immunogenic and
to initiate an immune response.Once inside the skin, the metal ions must bind to proteins to become immunologically reactive.The most
important routes of exposure and sensitisation to aluminium are through aluminium-containing vaccines. One Swedish study showed a
statistically significant association between contact allergy to aluminium and persistent itching nodules in children treated with allergen-specific
immunotherapy (ASIT) Nodules were overrepresented in patients with contact allergy to aluminium
Other routes of sensitisation reported in the literature are the prolonged use of aluminium-containing antiperspirants, topical medication, and
tattooing of the skin with aluminium-containing pigments. Most of the patients experienced eczematous reactions whereas tattooing caused
granulomas. Even though aluminium is used extensively in industry, only a low number of cases of occupational skin sensitisation to aluminium
have been reported Systemic allergic contact dermatitis in the form of flare-up reactions after re-exposure to aluminium has been documented:
pruritic nodules at present and previous injection sites, eczema at the site of vaccination as well as at typically atopic localisations after
vaccination with aluminium-containing vaccines and/or patch testing with aluminium, and also after use of aluminium-containing toothpaste
The material may cause skin irritation after prolonged or repeated exposure and may produce a contact dermatitis (nonallergic). This form of
dermatitis is often characterised by skin redness (erythema) and swelling epidermis. Histologically there may be intercellular oedema of the
spongy layer (spongiosis) and intracellular oedema of the epidermis.

DIALLYLDIMETHYLAMMONIUM
CHLORIDE HOMOPOLYMER

Somnolence, convulsions, respiratory depression recorded.
As cationic polymers possess unique physical structures and surface properties, various kinds of cationic polymers have been developed over
the past few decades for a wide spectrum of nanomedical applications in the central nervous system (CNS). Although cationic polymers could
be successfully used for gene transfer, drug delivery, and diagnostic imaging, after entering into the CNS, they may cause neurotoxicity and
induce CNS damage, which seriously limits their applications. The neurotoxic effects of cationic polymers on CNS are mostly studied in mice,
and have not been examined in detail.
While evaluating the neurotoxicity of cationic polymers, the surface charge, surface area, coating, size, shape, and the basic materials that
cationic polymers are made up of are expected to show important roles, and should be carefully considered. Apoptosis, necrosis, autophagy,
oxidative stress, inflammation, and inflammasome; which are expected to be the most important problems in the evaluation of cationic polymers-
induced neurotoxicity.
No specific data describing the health effects of cationic dialkyldimethylammonium (DADMA - dimonium) salts are readily available. However,
many of the properties described for alkyltrimethylammonium (ATMA)) salts also apply to DADMA salts, although these are generally less
irritating than the corresponding ATMA salts
For alkyltrimethylammonium chloride (ATMAC)
Most undiluted cationic surfactants satisfy the criteria for classification as Harmful (Xn) with R22 and as Irritant (Xi) for skin and eyes with R38
and R41. In addition, certain surfactants will satisfy the criteria for classification as Corrosive with R34 in addition to the acute toxicity.
According to Centre Europeen des Agents de Surface et de leurs Intermediaires Organiques (CESIO), C8-18 alkyltrimethylammonium chloride
(ATMAC) (i.e., lauryl, coco, soya, and tallow) are classified as Corrosive (C ) with the risk phrases R22 (Harmful if swallowed) and R34 (Causes
burns). C16 ATMAC is classified as Harmful (Xn) with the risk phrases R22 (Harmful if swallowed), R38 (Irritating to skin), and R41 (Risk of
serious damage to eyes). C20-22 ATMAC are classified as Irritant (Xi) with R36/38 (Irritating to eyes and skin).
Toxokinetics and Acute Toxicity: The few available absorption studies conducted with cationic surfactants indicate that absorption occurs in
small amounts through the skin. Percutaneous absorption of radiolabelled C12 alkyltrimethylammonium bromide (ATMAB) in 3% aqueous
solution (applied to an 8 cm2 area with occlusion) in the rat was low and corresponded to 0.6% of the applied 14C activity in 72 hours. Most of
the absorbed surfactant was excreted in the urine, i.e. 0.35% of the applied 14C activity within the first 24 hours, whereas 13.2% remained on
the skin after rinsing. Cutaneous application of the surfactant without rinsing resulted in a greater degree of percutaneous absorption (3.15%) in
48 hours. In the rat elimination after parenteral administration was rapid and was effected primarily via the urine, - more than 80% of the
radioactivity was eliminated within 24 hours of application. About 80% of the 14C activity was found in the gastrointestinal tract 8 hours after oral
administration of 14C-labelled C16 ATMAB. Only small amounts of the applied radioactivity were found in the urine and in the blood plasma.
This indicates poor intestinal absorption. Similar small amounts of 14C were found in the liver, kidneys, spleen, heart, lungs and skeletal
muscles. Within 3 days of ingestion, 92% of the administrated radioactivity had been excreted in the faeces and 1% in the urine. No appreciable
enterohepatic circulation of the radioactivity was found.
The acute oral toxicity of alkyltrimethylammonium salts is somewhat higher than the toxicity of anionic and nonionic surfactants. This may be
due to the strongly irritating effect which cationic surfactants exhibit on the mucous membrane of the gastrointestinal tract (SFT 1991). Cationic
surfactants are generally about 10 times more toxic when administrated by the intravenous route compared to oral administration.
Skin and Eye Irritation: Skin irritation depends on surfactant concentration. Regardless of the structure, cationic surfactants lead to serious
destruction of the skin at high concentrations. Solutions of approximately 0.1% are rarely irritating, whereas irritation is usually pronounced at
concentrations between 1.0 and 10.0% surfactant. C16 ATMAC was severely irritating to rabbit skin in a concentration of 2.5%. The surfactant
was applied to intact and abraded sites and scored after 34 hours. Then the skin was rinsed and then scored again after 48 hours. The
erythema and Eschar Index was 3.75 (maximum 4) and the edema Index was 2.0 (maximum 4).
With regard to eye irritation, cationic surfactants are the most irritating of the surfactants. The longer chained alkyltrimethylammonium salts are
less irritating to the rabbit eye than the shorter alkyl chain homologues. C10 ATMAB, C12 ATMAB, and C16 ATMAC were tested in
concentrations between 0.1 and 1.0% in water and were found to be significantly irritating or injurious to the rabbit eye. A 5% solution of C18
ATMAC was instilled into the eyes of guinea pigs, and this concentration was very irritating with a total PII (The Primary Irritation Index) score of
96 (maximum 110).
A homologous series of ATMAB produced very little swelling of the stratum corneum and some homologues produced a shrinkage of the stratum
corneum after prolonged exposure.
Many proteins in the skin are considerably more resistant to the denaturating effects of cationic surfactants compared to those of anionic
surfactants. As cationic surfactants frequently have a lower critical micelle concentration than the anionic surfactants, a saturation of the
surfactant/protein complex is prevented by the formation of micelles.
Compared to a representative anionic surfactant, the cooperative binding with subsequent protein denaturation requires about a tenfold higher
concentration of a cationic surfactant. Contrary to the irreversible denaturating effect of sodium dodecyl sulfate, the adverse effects of some
cationic surfactants on proteins may be reversible. Cationic surfactants can interact with proteins or peptides by polar and hydrophobic binding.
Polar interactions result in electrostatic bonds between the negatively charged groups of the protein molecule and the positively charged
surfactant molecule.
Sensitisation: A repeated insult patch test of C16 ATMAC was conducted with 114 volunteers. Seventeen days after the last induction of 0.25%
surfactant, a challenge patch of 0.25% was applied. No sensitization was observed.
Sub-chronic toxicity: C16 ATMAB was administered at concentrations of 10, 20, and 45 mg/kg/day via the drinking water to rats for one year.
The only effect observed was a decrease in body weight gain in the 45 mg/day dose group.
Reproductive Toxicity: No embryo toxic effects were seen, when C18 ATMAC was applied dermally to pregnant rats during the period of major
organogenesis (day 6-15 of gestation). The concentrations of C18 ATMAC were 0.9, 1.5 and 2.5%. There was no increase in the incidence of
fetal malformations. C16 ATMAB was not teratogenic in rats after oral doses. Mild embryonic effects were observed with 50 mg/kg/day, but these
effects were attributed to maternal toxicity rather than to a primary embryonic effect. Lower doses of C16 ATMAB showed no embryo toxic or
teratogenic effects.
Mutagenicity: C16 ATMAC was studied in in vitro short-term tests to detect potential mutagenic effects. Cultures of Syrian golden hamster
embryo cells were used for an in vitro bioassay. No in vitro transformation of hamster embryo cells was induced, and C16 ATMAC was not
mutagenic in Salmonella typhimurium (Inoue and Sunakawa 1980). No mutagenic effects or genetic damages were indicated in a survey of nine
short-term genotoxicity tests with C16 and C18 ATMAC (Yam et al. 1984).
Environmental and Health Assessment of Substances in Household Detergents and Cosmetic Detergent Products, Environment Project, 615,
2001. Torben Madsen et al: Miljoministeriet (Danish Environmental Protection Agency)
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