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Daphnia magna (48h): no effects at limit of solubility. 

C20-30 solid LCCPs 

Fish (96-h): no effects at limit of solubility 

No study is available for C20-30 solid LCCPs, but no effects are expected given no effects were seen with C20-30 liquid 

LCCPs. No valid algal study exists for any of the LCCPs, but data from related chlorinated paraffins (SCCPs and MCCPS) 

suggest that LCCPs would show no effects on algae. The overall toxicity profile of these substances (SCCP, MCCP, 

LCCPs) suggest that filling this data gap is not critical for the environmental assessment.   

Chronic studies in fish are available for C20-30 liquid and solid LCCPs. No effects were seen in the tests (NOECs equating to 

the highest concentrations tested were reported: 4 mg/l nominal and 3.8 mg/l nominal). The results may be read across to 

C18-20 LCCPs.  

Daphnia magna has been identified as the most sensitive species for chlorinated paraffins as a substance class. Two studies 

are available which investigated chronic toxicity to Daphnia magna from C18-20 LCCPs. One showed no effects at a 

saturation limit of  2 ug/L (measured) and  the other, which followed a water-accommodated fraction technique, showed 

effects at 58-65 µg/L and  no effects at 29 – 32 ug/L (measured). Based on these data, the worst case assumption is that the 

NOEC for C18-20 LCCPs for Daphnia magna  is 29 μg/L (which is above many estimates of water solubility for LCCPs). 
Available chronic studies with C20-30 liquid LCCPs in Daphnia magna indicate no effects are observed below the limit of 

water solubility; the same conclusion can be read across to C20-30 solid LCCPs. 

Upon release into the environment, the substances are likely to partition to sediment in the aquatic compartment and 

bind to soil in the terrestrial environment; no data for sediment- or soil-dwelling organisms were available. 

LCCPs generally show little acute aquatic toxicity at concentrations at or above water solubility. Given the 

complexity of the substances and their very low solubility interpretation of test results is not straight forward. C18-20 

liquid LCCPs possess properties indicating a hazard for the environment (chronic toxicity to invertebrates). Based 

on the available data C20-30 liquid and solid LCCPs appear to present a low hazard for the environment. LCCPs are 

not readily biodegradable, and may have a potential for bioaccumulation.  

Use/Exposure 

The total EU usage of LCCPs was in the range of 5,000-10,000 tonnes/year from 1998-2004.  The main areas of use for 

LCCPs are as a flame retardant in rubber and textiles, and as a plasticiser/flame retardant in sealants/adhesives and 

paints.  LCCPs may also be used to a lesser extent as a secondary plasticiser in PVC, as an extreme pressure additive in 

metal cutting/working fluids (oil- and/or water-based) and as a component of leather fat liquoring treatments (leather is 

treated with a fat liquor as the last step in its preparation; the fat liquor improves the feel and suppleness of the leather).   

Occupational exposure to LCCPs may occur during their manufacture, their incorporation into downstream products 

(PVC, metal working fluids, sealants, rubber, leather fat liquors, paints, textiles) and their processing, especially at high 

temperatures and during the use of these products.   Occupational exposure may occur via dermal contact, though 

workers are generally advised to wear protective clothing and avoid skin contact.  Exposure by inhalation is not 

expected to be a likely source of exposure due to the very low volatility of LCCPs, though there is the potential for 

aerosols to form during the use of liquid products such as metal-working fluids or by inhalation of dusts from 

applications using the solid grades. Consumer exposure may occur through use of the substance as a plasticiser or flame 

retardant in consumer goods. Exposure would primarily be via the dermal route given the substance's physico-chemical 

properties. No information on migration of the substance from articles containing it is available. The concentrations of 

the substance used in articles are typically <1 -6% in PVC, and most rubber and paints. In exceptional cases, up to 15% 

is used in cabling materials and in some rubbers. Coatings that contain LCCPs are typically only used in occupational 

settings (e.g., roadway paint).  Releases to the environment could occur during production, the processing steps for the 

identified uses of the substance, use of articles containing the substance, and at end of life disposal. However, exposure 

is expected to be low from the majority of these releases. Depending on the waste disposal practices followed for water-

based emulsions for metal working fluids that may contain the substance, release of the substance to the environment 

may occur. However, the use of LCCPs in metal working fluids is expected to be minor compared to other applications. 
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SIDS INITIAL ASSESSMENT PROFILE 

 

CAS No. Mixture of two isomers:  109-52-4 and 116-53-0 

 

 Chemical Name  Commercial mixture of n-pentanoic acid and 2-methyl-1-butyric acid 

commercial mixture of approximately 64% n-pentanoic acid, CAS 

No.109-52-4 and 36% 2-methyl-1-butyric acid, CAS No. 116-53-0 

Structural Formula 
CH3-CH2-CH2-CH2-COOH  n-pentanoic acid 

CH3-CH2-CH(CH3)-COOH  2-methyl-1-butyric acid 

SUMMARY CONCLUSIONS OF THE SIAR 

Analogue Rationale 

The commercial mixture of n-pentanoic acid and 2-methyl-1-butyric acid contains two aliphatic acid isomers: n-

pentanoic acid (64%) and 2-methyl-1-butyric acid (36%). 2-Methyl-1-butyric acid is not isolated and is not 

produced except as the minor component of the commercial mixture of n-pentanoic acid and 2-methyl-1-butyric 

acid.  

Data from chemicals with structures and carbon chain lengths similar to the components of the commercial 

mixture have been used to satisfy endpoints or augment available data for the mixture. Propionic acid’s use as an 

analogue for n-pentanoic acid is based on the fact that propionic acid is a metabolite of n-pentanoic acid and 2-

methyl-1-butyric acid and has similar irritative potential in vivo as n-pentanoic acid. Butyric acid data was also 

used as an analogue based on similar physical chemical properties and in vivo irritative potential. 

For the environment, Henry’s Law constant, Log Kow, dissociation constant, photodegradation potential, and 

distribution in environmental compartments endpoints are addressed individually for each component, n-

pentanoic acid and 2-methyl-1-butyric acid. For human health toxicity endpoints, data for propionic acid (CAS 

No. 79-09-4) are used as support for repeated-dose and reproductive toxicity endpoints. Propionic acid (a 3-

carbon carboxylic acid) can be used as an analogue of n-pentanoic acid based on similarities in structure along 

with a common functional group. Both chemicals are corrosive, which is thought to contribute to the similar 

toxicities in repeated-dose studies. Finally, propionic acid is also a metabolic product of n-pentanoic acid and 2-

methyl-1-butyric acid through intracellular oxidation pathways. Calcium propionate (CAS No. 4075-81-4), the 

calcium salt of propionic acid, is used as support for the developmental toxicity endpoint. Calcium propionate 

dissociates to propionate ions in water. In the stomach, both calcium propionate and propionic acid exist as the 

non-ionized acid. 2-Methyl-1-propionic acid (CAS No. 79-31-2), similar in structure to 2-methyl-1-butyric acid, 

is used to supplement the genetic toxicity endpoint.  Due to similarities in metabolism (via beta-oxidation) and 

lower acute toxicity for the mixture compared with n-pentanoic acid, the straight chain (n-pentanoic acid) is an 

appropriate analogue for the mixture.   

n-Pentanoic acid is being presented at SIAM 29 as a separate case by the United States. Propionic acid has 

previously been assessed in the OECD HPV Chemicals Programme at SIAM 25. 

Physical-Chemical Properties 

The commercial mixture of n-pentanoic acid and 2-methyl-1-butyric acid is a colourless liquid with a melting 

point of -44°C*, a boiling point of 183.1°C* and a vapour pressure of 0.1h Pa* at 20 °C. The calculated range for 

partition coefficients (log Kow) for the commercial mixture is 1.18 to 1.39 at 25°C, and  the water solubility is 

32,000 mg/L* at 20°C. As the dissociation constant (pKa) for n-pentanoic acid is 4.83; the pKa for 2-methyl-1-

butyric acid is 4.80. The commercial mixture of n-pentanoic acid and 2-methyl-1-butyric acid has a pKa between 

4.80 and 4.83, and is anticipated to exist in its dissociated forms at environmentally relevant pH values. 

* Reliability = 4, data provided by manufacturer; however, supported by the analogue data 
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Human Health 

n-Pentanoic acid and 2-methyl-1-butyric acid are metabolized by intracellular β–oxidation pathways in fatty acid 

metabolism at concentrations up to 67 mM and 1 M, respectively, with products being acetic acid and propionic 

acid. Both acetic and propionic acids are normal constituents of cells and are formed during oxidative degradation 

of isoleucine. 

The oral LD50 value for the commercial mixture n-pentanoic and 2-methyl-1-butyric acid, administered as a 40% 

solution in corn oil, is 4920 mg/kg bw for female rats and >4000 mg/kg bw for male rats. Signs of toxicity 

included hypoactivity, abnormal or uncoordinated gait, lacrimation, slow breathing, and prostration. Necropsy of 

animals dying on study revealed haemorrhages in the glandular portion of the stomach with multiple areas of 

ulceration. The dermal LD50 in female rabbits is 1070 mg/kg bw; the commercial mixture was applied undiluted 

and produced oedema, necrosis, ulceration and desquamation at the application site. There was no mortality or 

signs of toxicity among male and female rats exposed for 6 hours to a substantially saturated vapour of the 

commercial mixture of n-pentanoic and 2-methyl-1-butyric acid.    The commercial mixture of n-pentanoic and 2-

methyl-1-butyric acid is corrosive and causes irreversible injury to the skin and eye. Severe irritation and 

ulceration, followed by necrosis, scabbing, alopecia, and desquamation were observed in a skin irritation assay 

performed in rabbits. The commercial mixture is a severe eye irritant. Severe corneal injury, iritis, and severe 

conjunctival irritation; haemorrhage, necrosis of the nictitating membrane, and corneal vascularization were 

observed in an eye irritation assay performed in rabbit. It is anticipated that high concentrations of the 

commercial mixture, produced as an aerosol or a vapour/aerosol mixture, will result in nasal and/or respiratory 

irritation. No experimental data are available for skin sensitisation in animals or humans for the commercial 

mixture or its components. 

There are no repeated-dose toxicity studies for the commercial  mixture of  n-pentanoic acid and 2-methyl-1-

butyric acid. Data are available for n-pentanoic acid and structural analogue propionic acid. 

There are short-term repeated-dose data available for n-pentanoic acid for rabbits via the dermal route of 

exposure, and for rats via the oral route. In a repeated-dose dermal toxicity study in male and female rabbits, n-

pentanoic acid in a mineral oil solution was applied to the skin at a dose of 500 mg/kg bw for a total of 10 

applications over fourteen days. Death was observed in one female rabbit; all test animals displayed vocalization 

upon handling, decreased food consumption, decreased body weight, and severe signs of dermal irritation. In a 

repeated-dose oral toxicity study in female rats, n-pentanoic acid in corn oil was administered by gavage at doses 

of 0, 125, 250, 500, 750, and 1000 mg/kg bw/day for 10 consecutive days. Dyspnea or rales were observed in all 

treated groups. Decreased activity, lethargy, and immobilization were observed at 750 and 1000 mg/kg bw/day. 

Mortality occurred at doses of 250 mg/kg bw/day and greater and all animals died at 1000 mg/kg bw/day. In a 

third study, n-pentanoic acid was administered to 10 rats in a rice diet at doses up to 10% (w/w) of the diet; half 

were sacrificed at 115 days and the other half at 150 days. Stomachs were examined microscopically if gross 

lesions were observed. n-Pentanoic acid induced benign hyperplasia, hyperkeratosis, acanthosis and papillomas in 

the forestomach. No malignant changes were detected and there were no changes in the glandular portion of the 

stomach. 

Repeated-dose oral toxicity data in dogs and rats are available for the analogue propionic acid. Dogs (4 to 

8/sex/dose) were exposed to 0, 0.3, 1.0, or 3.0% propionic acid (approximately 0, 196, 660, and 1,848 mg/kg-

bw/day for males and 0, 210, 696, and 1,832 mg/kg-bw/day for females) in the diet for 100 days. There was no 

mortality, no clinical signs of toxicity, and no haematological or clinical biochemistry changes. Microscopic 

examination of tissues revealed no lesions except point-of-contact diffuse epithelial hyperplasia of the mucosa of 

the esophagus in three dogs in the high-dose group. The incidence of lesions in the esophagus was similar in 

lower dose animals and controls. The incidence of lesions of the esophagus in the high-dose animals after a 6-

week recovery interval was similar to controls. Based on the point-of-contact effect observed in the esophagus, 

the LOAEL for this study in dogs is 3% propionic acid (1,848 mg/kg-bw/day in male dogs, and 1,832 mg/kg-

bw/day in female dogs) in the diet, and the NOAEL is 1% propionic acid or 660 mg/kg bw/day for males and 696 

mg/kg bw/day for females. In a repeated dose oral toxicity study, rats (20/sex/dose) received 0, 0.62%, 1.25%, 

2.5%, or 5% propionic acid in the diet for 91 days. There was no mortality. Males in the high dose group (5% in 

diet) exhibited decreased food consumption and decreased body weight gain, no other clinical signs of toxicity 

were observed. Point-of-contact effects observed were acanthosis, hyperkeratosis, and proliferation of the 

epithelium of the forestomach mucosa in rats in the high dose group; these changes were not observed after a 6-

week recovery interval. Based on point-of-contact effects observed in the forestomach, the NOAEL for male and 

female rats in this study is 2.5% propionic acid in the diet, or approximately 1600 mg/kg bw/day.  

Additional studies focused on the site-of-contact effect of the analogue propionic acid on the stomach; other 

tissues were not examined. Male rats (6 males/dose) were fed a control diet or a pellet diet containing 4% 
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propionic acid (approximately 2,700 mg/kg bw/day) for 24 weeks. Macroscopic and histopathological 

examination of the stomach revealed no adverse effects. Male rats (6/dose) were also given a control powdered 

diet, or a powdered diet containing 4% propionic acid for 12 weeks. Rats displayed severe hyperplastic changes 

and ulcerations in the forestomach but not in the glandular stomach.  

In another study, groups of 30 male rats were fed 0, 0.4 or 4% propionic acid in ground rat feed for 20 weeks or 

lifetime. Of the rats fed 0.4% propionic acid (approximately 270 mg/kg bw/day), hyperplasia and hyperkeratosis 

were observed histologically in the forestomach. Among rats fed 4% propionic acid, forestomach epithelial 

changes such as hyperplasia and hyperkeratosis were noted at 20 weeks, and hyperplasia with ulceration, 

dyskeratosis and papillomatous elevations (one with unspecified “carcinomatous” changes) were noted after 

lifetime exposure. No histopathological changes were observed in the glandular stomach in these studies. The 

consistency of the diet appeared to influence the incidence of lesions observed. The point-of-contact effects 

observed in the rat forestomach in response to feeding high doses of short-chain fatty acids are likely to be the 

result of severe irritation and inflammation and the associated hyperplastic proliferative repair response. 

In a bacterial reverse mutation assay with multiple strains of Salmonella typhimurium, and in an in vitro HGPRT 

forward mutation assay using Chinese hamster ovary (CHO) cells, n-pentanoic acid was negative with and 

without metabolic activation. An in vitro chromosomal aberration test using CHO cells with n-pentanoic acidwas 

positive with and without metabolic activation. An in vitro sister chromatid exchange assay in CHO cells, n-

pentanoic acid was negative without metabolic activation and positive with metabolic activation. The effect of pH 

in these studies is uncertain because it was not measured. An in vivo micronucleus assay in mice, n-pentanoic 

acid was negative at doses of 25%, 50% and 80% of the LD50 via intraperitoneal injection, as determined in 

range-finding studies. Cytotoxicity (PCE/NCE ratios) was seen in females (but not males) in the rangefinding test 

at 200 mg/mL, but was not observed in the definitive test at concentrations up to 266 mg/mL. Based on these 

data, the commercial mixture of n-pentanoic acid and 2-methyl-1-butyric acid is not expected to induce gene 

mutations but may induce chromosomal aberrations in vitro; it is not expected to induce micronuclei in vivo.  

There are no valid carcinogenicity studies for the commercial mixture or its components. In an invalid (reliability 

score of 3) 80-week dermal toxicity assay in mice with significant methodological deficiencies, repeated dermal 

application of undiluted n-pentanoic acid (25 mg/mouse or approximately 950 mg/kg bw applied two times per 

week) induced mortality (66%), severe skin ulcerations, chronic inflammation, and regenerative repair with 

disproportionate cell proliferation which resulted in scar tissue formation and subsequent dysplasia, hyperplasia, 

and skin tumours. The controls also showed high mortality (48%). There is some uncertainty regarding the skin 

tumors observed in the repeated exposure dermal toxicity study and the positive in vitro genotoxicity results.  

However, these effects were likely due to the low pH of the test solutions. 

There are no fertility studies available for the commercial mixture of n-pentanoic acid and 2-methyl-1-butyric 

acid or its components. Data are available regarding effects on reproductive organs for the structural analogue, 

propionic acid. In repeated-dose oral toxicity studies, there were no effects on reproductive organ weights, and 

reproductive organs and tissues were normal in male and female rats exposed to propionic acid at doses up to 5% 

in the diet (approximately 3300 mg/kg bw/day) for 91 days, with a NOAEL of 3300 mg/kg bw/day for 

reproductive organ toxicity. Similarly, there were no effects on reproductive organs in dogs fed propionic acid at 

doses up to 3% in the diet (1848 mg/kg bw/day for male dogs; 1832 mg/kg bw for female dogs) for up to 106 

days, with a NOAEL of 1832 mg/kg bw/day for reproductive organ toxicity. 

There are three developmental toxicity studies for n-pentanoic acid. Fetal malformations were not observed.  

However, significant maternal mortality limits the ability to make firm conclusions from these studies. In the 

most robust study, n-pentanoic acid in corn oil was administered by oral gavage to Sprague-Dawley rats on 

gestation days 6 through 15 at doses of 0, 50, 100, and 200 mg/kg bw/day. Rales and vocalization were reported 

during dosing in dams at all doses. Mortality of the dams occurred in all treated groups and was greater than 10% 

at 100 and 200 mg/kg bw/day. Necropsy of dams dying on study revealed respiratory tract congestion, distension 

of the gastrointestinal tract, and gastric irritation. Decreased fetal body weights were observed at 100 and 200 

mg/kg. Developmental toxicity, as evidenced by an increased incidence of reduced ossification of the sternebrae, 

was observed at 50 and 100 mg/kg bw/day. Developmental effects may have been confounded by maternal 

toxicity. 

The analogue, calcium propionate is the non-corrosive salt of propionic acid, and does not induce significant 

point-of-contact toxicity typical of the parent acid. Calcium propionate was administered to pregnant mice and 

rats vial oral gavage during gestation days 6-15 at doses of 0, 3, 14, 65, and 300 mg/kg bw/day. Pregnant rabbits 

and hamsters were given calcium propionate via gavage at 0, 4, 19, 86, and 400 mg/kg bw/day during gestation 

days 6-18 (rabbits) or 6-10 (hamsters). In all species, there was no effect on maternal or fetal survival, or on fetal 

or litter size. No increases in fetal or skeletal abnormalities were observed. Both  NOAELs for maternal toxicity 
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and developmental effects were the highest doses tested (300 mg/kg-bw/day mice and rats; 400 mg/kg-bw/day for 

rabbits and hamsters). 

The commercial mixture of n-pentanoic acid (64%) and 2-methyl-1-butyric acid (36%) possesses 

properties indicating a hazard for human health (acute skin and eye irritation, repeated-dose toxicity 

associated with point of contact effects, and possible developmental toxicity in the presence of maternal 

toxicity).  Adequate screening-level data are available to characterize the hazard for human health for the 

purposes of the OECD HPV Programme. 

Environment 

The commercial mixture of n-pentanoic acid (64%) and 2-methyl-1-butyric acid (36%) is not expected to undergo 

hydrolysis in the environment, due to the lack of hydrolyzable functional groups. In the atmosphere, indirect 

photo-oxidation by reaction with hydroxyl radicals is predicted to occur with an estimated half-life between 2.6 to 

2.8 days (62.4-67.7 hours). For n-pentanoic acid, a half-life of 62.4 hours for atmospheric photo-oxidation was 

determined.  For 2-methyl-1-butyric acid, a half-life of 67.7 hours for atmospheric photo-oxidation was 

determined.  An OECD 301D Closed Bottle Test with the commercial mixture resulted in 72% biodegradation 

after 28 days. The commercial mixture is readily biodegradable under aerobic conditions.  

Based on Level III fugacity modelling with equal and continuous distributions to air, water and soil 

compartments, it is estimated that the majority of n-pentanoic acid and 2-methyl-1-butyric acid will distribute 

mainly to the soil (61.8%, 57.2%) and water (33.8%, 36.8%) compartments with minor distribution to the air 

compartment (4.33, 5.84%) and negligible amount in the sediments compartment. When released to water, this 

commercial mixture will remain in the water compartment. The Henry’s law constant for n-pentanoic acid is 4.48 

x 10
-7

 atm-m
3
/mol (0.045 Pa-m

3
/mol) at 25 °C; the Henry’s law constant for 2-methyl-1-butyric acid is 1.467 x 

10
-6

 atm-m
3
/ mol (0.149 Pa-m

3
/mol) at 25ºC. These values suggest that volatilization of the components of the 

commercial mixture from the water phase is not expected to be high. The Koc for n-pentanoic acid and 2-methyl-

1-butyric acid were calculated to be 4.084 and 3.661 L/kg, respectively. 

Bioaccumulation potential is low based on the preferred Log Kow values of 1.39 and 1.18 for n-pentanoic acid and 

2-methyl-1-butyric acid, respectively. The estimated BCF values with BCFWIN (v3.00) are 3.162 for both 

components of the commercial mixture.  

The commercial mixture of n-pentanoic acid and 2-methyl-1-butyric acid is comprised of two fatty acid isomers: 

n-pentanoic acid (64%) and 2-methyl-1-butyric acid (36%).  The following acute toxicity test results* on the 

commercial mixture have been determined for aquatic species: 

Fish Oncorhyncchus mykiss OECD TG 203 96 h LC50 = 75.9 mg/L  

Fish Pimephales promelas Static test 

system 

96 h LC50 = 29 mg/L  

96 h LC50 = 34 mg/L 

Aquatic 

invertebrate 

Daphnia magna Straus OECD TG 202 48-hr EC50 = 88.1 mg/L 

Algae Pseudokirchnerilla 

subcapitata 

OECD TG 201 96-hr EbC50 = 51.8 mg/L (biomass) 

96-hr ErC50 = 66.2 mg/L (growth rate)  

96-hr NOEC = 12.8 mg/L (biomass and growth 

rate) 

*all results are based on measured test concentrations in unbuffered test solutions  

The commercial mixture of n-pentanoic acid (64%) and 2-methyl-1-butyric acid (36%) possesses 

properties indicating a hazard for the environment (acute aquatic toxicity values between 1 and 100 mg/L 

in unbuffered systems). However, the commercial mixture is readily biodegradable, has low 

bioaccumulation potential, and the observed aquatic toxicity is due to reductions in pH. Adequate 

screening-level data are available to characterize the hazard for the environment for the purposes of the 

OECD HPV Programme. 

Exposure 

Global production of n-pentanoic acid and 2-methy-1-butric acid was estimated to be approximately 30,000 

tonnes in 2004.  Consumption in 2004 was estimated to be 17,000 tonnes in the US, and 10,000 tonnes in 

Western Europe. The commercial mixture of n-pentanoic acid and 2-methyl-1-butyric acid is produced in an 
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enclosed, continuous process by an air-oxidation reaction of a mixture of valeraldehyde and 2-

methybutyraldehyde.  

The commercial mixture is used as an industrial intermediate in the manufacture of neopolyol esters for the 

production of industrial lubricants used in refrigeration applications, fire-resistant hydraulic fluids, and jet 

engines. Some specialty applications include its use as a pharmaceutical intermediate, and in the manufacture of 

isoamyl valerate (an ester solvent), metallic salts, and plasticizers. The two components, n-pentanoic acid and 2-

methyl-1-butyric acid, have been identified as naturally-occurring volatiles in foods and both are food additives 

permitted for direct application to food. Both components are products of mammalian and microbial intercellular 

metabolism.  

No monitoring data within production and processing plants in the United States are available. The commercial 

mixture is manufactured in an enclosed, continuous process. Engineering controls and vapour collection systems 

are used during production, transfer, and loading operations. These measures are used to limit workplace 

exposures and odour complaints. 

Because of its objectionable odour, additional scrubbers and other emission controls are usually employed to 

minimize release of  the commercial mixture of during manufacture and use. However, the commercial mixture 

may be released to the environment as a fugitive emission during production and use; its individual components 

may be found in the environment as naturally-occurring emissions from food products, microorganisms, animal 

wastes, and diesel exhaust.  
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SIDS INITIAL ASSESSMENT PROFILE 
 

Category Name  

 

Isopropanolamines category 

Chemical Names and  

CAS Nos. 

1,1’-Iminodipropan-2-ol (Diisopropanolamine, DIPA) 

(CAS No. 110-97-4) 

1,1’,1”-Nitrilotripropan-2-ol (Triisopropanolamine, TIPA) 

(CAS No. 122-20-3) 

Structural Formulas 

DIPA 

 

CH3

OH

NH

CH3

OH

 
 

TIPA 

OH

CH3

CH3

OH

N

CH3

OH

 

SUMMARY CONCLUSIONS OF THE SIAR 

Category Justification 

DIPA and TIPA are the secondary and tertiary amine analogues, respectively, of the isopropanol amines series of 

compounds differing by a single, common substituent, isopropanol.  

These chemicals can be included in a single category for several reasons. Both have similar chemical structures and exhibit 

physico-chemical properties that are either very similar or that reflect incremental changes expected for an alcoholic amines 

series. Environmental fate characteristics are also similar, with the exception of biodegradation. DIPA is considered readily 

biodegradable but TIPA is not; however, TIPA will biodegrade to different extents under various conditions. Regarding 

mammalian toxicity, both compounds are skin and eye irritants, both target the kidney in repeated-dose studies (with the 

larger molecule showing greater toxicity), and both exhibit similarly low toxicity for other endpoints.  

Physical-Chemical Properties 

DIPA is a solid with a measured melting point of 42 °C, a measured boiling point of 249 °C at 1013 hPa, a measured 

vapour pressure of 0.00107 hPa at 25 °C, and a dissociation constant (pKa) of 9.1 at 25 °C. The octanol-water partition 

coefficient (log Kow) is -0.79, and the measured solubility is 870 g/L at 25 °C. TIPA is also a solid with the measured 

melting points range from 45-50 °C. Its measured boiling point is 305 °C at 1013 hPa, a measured vapour pressure of 

0.000013 hPa at 25 °C, and a dissociation constant (pKa) of 8.06 at 25 °C. The octanol-water partition coefficient (log 

Kow)of TIPA is -0.15, and miscible with water at 25°C. 

Human Health 

The absorption, distribution, and excretion of DIPA have been studied in rats after dermal administration. A single  dermal 

dose of 19 mg 
14

C-DIPA/ kg bw was applied to the shaved skin on the back of rats for up to 48 hrs.  Only 16.2% of the 

14C-DIPA was absorbed representing an absorption rate of less than 0.3% of the dose per hour.  The main route of 
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elimination was via the urine with minor amounts in the feces and no accumulation in the tissues.  DIPA was also 

administered at 19 mg/kg intraveneously in rats where 96.8% of dose was excreted unchanged in the urine after 48 hrs.    

Metabolism and excretion of TIPA was assessed in an OECD TG 417 oral study in male rats, in which single oral doses of 

10.7 mg 
14

C-TIPA/kg bw were administered. Radioactivity peaked in the plasma at 0.25 hrs post-dosing and rapidly 

declined.   Approximately 80% of the dose was excreted in 24 hours in the urine as unchanged TIPA. Minor amounts were 

eliminated in the feces and in the expired air with less than 1% remaining in the tissues or carcass. 

The most reliable study for acute oral toxicity indicates LD50 values between 2000 and 3980 mg/kg bw in rats for DIPA.  For 

TIPA, two studies of acceptable quality indicate LD50 values in rats of 5994 and 6500 mg/kg bw. Rats administered TIPA 

showed signs of lethargy, and at the highest TIPA dose, rats had pale watery eyes and diarrhea. The dermal 24-h LD50 values 

in rabbits were 8000 mg/kg bw for DIPA and > 5000 mg/kg bw for TIPA.  

In an OECD TG 404 study, no skin irritancy was reported in rabbits in which undiluted DIPA was in semi-occluded contact 

with the intact skin for at least 4 hours, but after prolonged occluded exposure using 10% or undiluted DIPA on intact or 

abraded skin, hyperemia and necrosis or denaturation were seen in rabbits. In an OECD TG 404 study, undiluted TIPA was 

also not irritating to rabbits after a 4-h exposure using semiocclusive conditions. After prolonged covered contact of TIPA 

on rabbit skin, irritation (redness, swelling and scar formation) was observed. In separate OECD 405 guideline studies, 

undiluted DIPA and TIPA in the eyes of rabbits after exposure for 72 hours, resulted in irritation with severe effects in some 

animals.  

No sensitisation potential was observed in screening tests involving repeated dermal applications of 50 % DIPA or 22% 

TIPA in guinea pigs. 

Repeated dose studies have been conducted with DIPA in rats and TIPA in dogs and rats.  In a repeat-dose oral toxicity 

study (OECD 408), rats (10/sex/dose) were administered DIPA at approximately 0, 100, 500 or 1000 mg/kg bw/day in their 

drinking water for 90 days. Another group (10/sex) was given untreated water for 28 days after the 90-day exposure to 1000 

mg/kg-bw.  Decreases in food and water consumption and body weight were observed at the highest dose and were 

associated with increased specific gravity and decreased volume of the urine. Serum cholesterol was increased and serum 

phosphorous was decreased at the highest dose, which were no longer seen at the end of the recovery period. Absolute and 

relative kidney weights were increased at 500 and 1000 mg/kg-bw without histopathological changes. The increased kidney 

weight was more pronounced in males than in females. The NOAELs were 100 mg/kg-bw/day for males and 500 mg/kg-

bw/day for females. Rats (5/sex/dose) were also administered DIPA via drinking water at 100, 300, 600, 1200 and 3000 

mg/kg bw/day for 14 days. At 1200 mg/kg bw/day, decreased body weights in males, slightly decreased food and water 

consumption, and increased relative kidney weights were observed.  The NOAEL was 600 mg/kg-bw/day for male and 

female rats. 

TIPA was administered to dogs (4/sex/dose) in their diet at 0, 500, 2000 or 7500 ppm (approximately 0, 16.8, 71.2 or 272 

mg/kg bw/day in males or 0, 19.7, 78.3 or 288 mg/kg bw/day in females) for 100 days. Ophthalmology, hematology, serum 

chemistry, urinalysis, blood methemoglobin, macroscopic and microscopic examinations, and organ weight evaluations 

showed no treatment-related effects, resulting in a NOAEL of 272-288 mg/kg bw/day (the highest dose tested). Rats 

(5/sex/dose) were also administered TIPA via drinking water at 100, 300, 600, 1200 or 2000 mg/kg bw/day for 14 days. At 

2000 mg/kg bw/day, decreased body weights, slightly decreased water consumption in females, and decreased protein and 

albumin were observed. At 1200 mg/kg bw/day, decreased protein and albumin were observed. Decreases in glucose were 

observed at 300 mg/kg bw/day and higher in males and 600 mg/kg bw/day and higher in females. Finally, increased relative 

kidney weights were observed at 300 mg/kg bw/day reaching statistical significance at 600 mg/kg bw/day in males. 

Increased relative kidney weights were observed in females starting at 300 mg/kg/day and became significant at 2000 mg/kg 

bw/day. The NOAEL was 100 mg/kg-bw/day for male and female rats. 

Rats (5/sex/dose) were administered DIPA at 0, 100, 500 or 750 mg/kg-bw for 5 days/week for 28 days dermally. Moderate 

erythema, edema and scabs were noted at the application site but no systemic toxicity was observed, resulting in NOAELs 

for dermal irritation and systemic toxicity of 100 and 750 mg/kg bw/day, respectively. When TIPA was administered 

dermally at 0, 300, 1000 or 3000 mg/kg bw for 5 days/week for 28 days, rats exhibited minimal thickening of skin at the 

highest dose. Erythema and scabs were seen in one animal each at the mid- and high-doses. The NOAEL for systemic 

toxicity was 3000 mg/kg bw/day and the NOAEL for local effects was 300 mg/kg bw/day. 

DIPA and TIPA did not cause gene mutations in a bacterial reverse mutation assay in several strains of Salmonella 

typhimurium or in Chinese hamster ovary cells. Neither substance resulted in chromosomal aberrations in rat lymphocytes. 

All the studies examined activity both in the presence and absence of metabolic activation.  These chemicals are not 
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considered to be genotoxic in vitro. 

The carcinogenic potential of DIPA and TIPA has been investigated in two oral studies. In one study, DIPA was 

administered via the diet to 20 males/dose at 0 or 1% DIPA (approximately 392 to 843 mg/kg bw/day) for 94 weeks. 

Sixteen of twenty animals survived. There were no significant differences between tumour incidence in controls or treated 

groups. A 104-week dietary study with 2% TIPA in the feed of male Wistar rats did not show any histological evidence of 

increased liver foci. Data from these studies combined with generally negative results from in vitro genotoxicity assays have 

indicated no evidence of a carcinogenic potential of these chemicals alone. However, the studies were limited in their ability 

to detect tumours because they used small numbers of males only and a single dose level.  

The reproductive toxicity of TIPA was investigated in a one-generation study in rats in which the test substance was 

administered via the diet to 25 rats/sex/dose at approximately 0, 39.7, 160 or 609 mg/kg bw/day (males) or 0, 43.7, 182 or 

700 mg/kg bw/day (females) for 5 weeks prior to mating, during mating, gestation and lactation. Twenty offspring/sex/dose 

were also given the same doses for 90 days post-weaning. No effects were reported and the reproductive NOAEL was 

609/700 mg/kg bw/day (highest doses tested). In an OECD TG 414 developmental toxicity study, pregnant female rats were 

administered DIPA via oral gavage at 1000 mg/kg-bw/day on gestation days 6 to 20. The maternal and developmental 

NOAEL was 1000 mg/kg bw/day (highest dose tested). Based on these results, DIPA and TIPA are not expected to have the 

potential for reproductive or developmental toxicity. 

DIPA and TIPA possess properties indicating a hazard for human health (skin and eye irritation).  Adequate 

screening-level data are available to characterize the human health hazard for the purposes of the OECD HPV 

Chemicals Programme.   

Environment 

DIPA and TIPA do not possess a molecular structure that contains functional groups subject to hydrolysis under neutral 

ambient conditions. Based on the dissociation constants, these chemicals are expected to be largely in the protonated amine 

forms (conjugate acids) at pH 7. The compounds absorb light >290 nm, and therefore direct photolysis is possible. In the 

atmosphere, indirect photo-oxidation by reaction with hydroxyl radicals for DIPA is predicted to have a half-life of 

approximately 1.262 hours and for TIPA is predicted to be 1.035 hours when evaluated using the AOPWIN model. DIPA 

passed the test for ready biodegradation (OECD 301F assay). A 94% degradation of DIPA was observed within 28 days in 

the presence of activated sludge. TIPA, however, did not pass the test for ready biodegradation (OECD 301F assay), as it 

exhibited an average of 0% biodegradation based on oxygen consumption after 28 days. However, TIPA is susceptible to 

degradation in the environment. An aerobic metabolism study resulted in a half-life of 14.3 days with 39% mineralization in 

30 days and 64% mineralization in 60 days. Another aerobic soil metabolism study resulted in a half-life of approximately 2 

days with complete mineralization by 20 days. 

A level III fugacity model with equal and continuous distribution to the air, water and soil compartments suggests that DIPA 

and TIPA will distribute mainly to the soil (62.2 and 69.4%) and water (37.8 and 30.6%) compartments, respectively, with 

negligible amount in the air (<0.1%) and sediment (<0.1%) compartments for both chemicals. When they are released only 

to water, they will distribute mainly to water (99.8%) with 0.2% to sediment and 0 % to air and soil.  

Henry law’s constant values for DIPA and TIPA of 6.91x10
-11

 atm-m
3
/mole (7.00x 10

-6
 Pa-m

3
/mole) and 9.77x10

-12
 atm-

m
3
/mole (9.90x 10

-7
 Pa-m

3
/mole), respectively, at 25 °C suggests that volatilization of these chemicals from the water phase 

is expected to be low. The bioaccumulation potential of DIPA and TIPA is considered to be low based on log Kow values 

of -0.79 and -0.15, respectively, and supported by an estimated BCF value of 3 for both chemicals (BCFBAF Program 

(v3.00); USEPA, 2009). 

The following acute toxicity test results have been determined for aquatic species: 

DIPA 

Fish [Brachydanio rerio(new name:Danio rerio]   96 h LC50 ≥1000 -≤2200 mg/L (nominal) 

Invertebrate [Daphnia magna]                             48 h LC50 = 277.7 mg/L (nominal) 

Algae [Scenedesmus subspicatus]                           72 h ErC50 = 270 mg/L(growth rate, nominal) 

TIPA 

Fish [Cyprinus carpio]                                            96 h LC50 >1000 mg/L (nominal) 

Invertebrate [Daphnia magna]                            48 h LC50 = 857 mg/L (nominal) 
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Algae [Scenedesmus subspicatus]                           72 h ErC50 = 710 mg/L (growth rate, nominal) 

                                                                                 72 h EbC50 = 50 mg/L (biomass, nominal) 

                                                                                72-h NOEC = 0.64 mg/L (biomass, nominal) 

The chemicals in the isopropanolamines category possess properties indicating a hazard for the environment (acute 

aquatic toxicity to algae (biomass) between 0.1 and 100 mg/L for TIPA).  DIPA is readily biodegradable but TIPA is 

not readily biodegradable. The bioaccumulation potential of DIPA and TIPA is considered to be low. Adequate 

screening-level data are available to characterize the hazard to the environment for the purposes of the OECD HPV 

Chemicals Programme.  

Exposure 

DIPA had a production and/or import volume (aggregated across companies) in the United States between 4,540 to < 

22,700 tonnes during 2005 as reported to the U.S. Environmental Protection Agency through Inventory Update Reporting 

(IUR). Four companies reported manufacturing or importing DIPA in quantities greater than 11.35 tonnes.  The number of 

manufacturing, processing and use sites is between 100 and 999.   

DIPA and TIPA are widely used as emulsifiers, stabilizers, surfactants and chemical intermediates.  Major uses of DIPA 

include:  1) natural gas purification as a scavenger of carbon dioxide and hydrogen sulfide, 2) personal care products such 

as soaps and detergents as a pH adjuster or to form emulsifiers, foam stabilizers or viscosity modifiers, and 3) industrial 

metalworking as a corrosion inhibitor, and lubrication enhancer to reduce friction.  The major applications of TIPA include:  

1) coatings as a cross-linker, acid neutralizer to improve product stability and 2) pesticides as a neutralizer and to improve 

product stability. 

The most likely routes of occupational exposure to DIPA and TIPA are the dermal route, or by inhalation exposure to 

aerosols. DIPA and TIPA are both manufactured in closed systems using engineering controls that prevent the escape of 

liquid or vapours and minimize release to the environment. Workers who produce DIPA or TIPA, and those using it as a 

chemical intermediate or in product formulations, could be exposed during maintenance, sampling, testing or other 

procedures. The potential for exposure is reduced by engineering controls and personal protective equipment.  

Because DIPA and TIPA, or DIPA- and TIPA-derived fatty acid soaps and salts may be used in a wide variety of personal 

care products, the most likely route of consumer exposure to DIPA and TIPA in these products would be via the dermal 

route although some inhalation exposure may also be possible. These chemicals are also used in herbicide/pesticide 

formulations and coatings formulations, which may also introduce the possibility of dermal or inhalation exposure to DIPA 

and TIPA. There may also be low levels of DIPA and TIPA present in process waters from manufacturing and processing 

sites, which are discharged to a waste water treatment system.  

The chemical is stored in closed tanks, and transported in bulk tank cars or trucks, intermediate bulk containers, as well as 

in drum quantities. Environmental release during transport is possible in the event of a transportation accident.  Releases to 

water or as waste may occur as a result of consumer uses. At environmental pHs (typically pH 8) they are highly water 

soluble.  

 



SIAM 30, 20-22 April 2010 US/ICCA 

 

 

This document may only be reproduced integrally. 

SIDS INITIAL ASSESSMENT PROFILE 

 

CAS No. 1112-39-6 

Chemical Name Dimethoxydimethylsilane 

Structural Formula 

 

 

SUMMARY CONCLUSIONS OF THE SIAR 

Reduced Testing Rationale 

Testing for water solubility, partition coefficient and biodegradation was not conducted because 

dimethoxydimethylsilane (DMDMS) undergoes rapid hydrolysis in the presence of water with the half life of<0.6 

hours at pH 7 and 25°C. The hydrolysis products, methanol (CAS No. 67-56-1) and dimethylsilanediol (CAS 

1066-42-8), are expected based on the chemical structure of DMDMS at an equal ratio of 2 moles methanol to 1 

mole dimethylsilanediol. Nonetheless, modeled data are provided for the water solubility and partition coefficient 

endpoints for DMDMS; as it provides valuable information on substance behavior. Biodegradation data are 

available and provided for the hydrolysis products, methanol and dimethylsilanediol. In aqueous solutions, 

exposure to DMDMS is likely to be transient and observed aquatic toxicity is likely due primarily to the hydrolysis 

products, methanol and dimethylsilanediol. Dimethylsilanediol has been shown to be stable at environmentally 

relevant temperature and pH for 96 hours. As such, data from the hydrolysis products (methanol and 

dimethylsilanediol) are used to address the acute toxicity to fish and toxicity to aquatic plants for DMDMS. Data 

from the hydrolysis product methanol have been presented and agreed upon at SIAM 19 (sponsored by the United 

States; documents are available at http://www.oecd.org/document/63/0,3343,en_2649_34379_1897983_1_1_1_1,00.html). 

Physical-Chemical Properties 

The EPISuite program (v 4.0) developed by the U.S. Environmental Protection Agency and Syracuse Research 

Corporation has not been validated for chemicals that contain silanes in their molecular structure (although some 

measured data are included in the training data set); therefore, there is uncertainty associated with the calculated 

values and they should be used with caution whenever they are reported.  

Dimethoxydimethylsilane (DMDMS) is a liquid with a melting point of -80.2 °C, a boiling point of 81.5 °C at 

1010.9 hPa and a measured vapour pressure of 113.68 hPa at 25°C. The calculated octanol-water partition 

coefficient (log Kow) is 0.585, and the calculated water solubility is 6800 mg/L at 25 °C. The water solubility and 

log Kow values are not applicable because the chemical is hydrolytically unstable.  

Human Health 

No toxicokinetics data are available on the parent substance; however, rapid hydrolysis of this material is expected 

to produce 2 moles of methanol and 1 mole of dimethylsilanediol. In vitro percutaneous penetration of 
14

C-labeled 

dimethylsilanediol (
14

C-DMSD) was evaluated when applied in aqueous solution to human skin for 24 hours 

[OECD TG 428]. At the end of the assay, 59.5% of 
14

C-DMSD volatilized from the skin surface (captured in the 

charcoal baskets placed above the exposure site), 18.3% was on the skin surface, 2.5% remained in the skin after 

washing and tape stripping, and 13.9% of the applied dose was absorbed; 82.1% of the absorbed dose penetrated 

http://www.oecd.org/document/63/0,3343,en_2649_34379_1897983_1_1_1_1,00.html
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through the skin. 

The oral (gavage) LD50 in male and female rats of DMDMS was 4235 mg/kg bw [OECD TG 401]. Central 

nervous system effects were the predominant clinical sign of toxicity. No experimental data are available for 

irritation or skin sensitization in animals.  

In a combined repeated-dose/reproductive/developmental toxicity screening test [OECD TG 422], DMDMS was 

administered via gavage to 10 rats/sex/dose at 0 (corn oil), 50, 250 and 1000 mg/kg bw/day. Males were treated 

during pre-mating and mating periods. Males and toxicity group females were sacrificed after they had been 

treated for 29 or 28 days, respectively. Clinical signs included soiling of the chin and/or urogenital area in both 

sexes dosed at 1000 mg/kg bw/day; soiling of the muzzle was also noted in females at 1000 mg/kg bw/day. There 

were no statistically significant treatment-related differences between controls and treatment groups in mean body 

weight, body weight gain, food consumption, FOB tests and motor activity parameters, hematological, 

prothrombin and/or clinical chemistry parameters during the study. At 1000 mg/kg bw/day, statistically 

significantly decreased absolute and relative adrenal gland, thymus and testes weights and statistically 

significantly decreased absolute epididymides, prostate gland and seminal vesicle weights were observed in males; 

statistically significantly decreased absolute and relative spleen weight were observed in females. Statistically 

significantly increased absolute and relative liver weights were observed in males and females at 250 and 1000 

mg/kg bw/day. Histopathological examination showed adverse changes at 1000 mg/kg bw/day in the liver of male 

rats (centrilobular hepatocyte hypertrophy, hepatocellular vacuolation and protoporphyria), adrenal glands (adrenal 

cortical atrophy), male kidneys, testes and epididymides of male rats (degeneration of spermatocytes, seminiferous 

tubular degeneration) and in the liver of female rats (centrilobular and panlobular hepatocyte hypertrophy).  

Follicular cell hypertrophy was observed in the thyroid gland of all males and females at 1000 mg/kg bw/day.  

This is considered as an adaptive secondary effect (related to up-regulation of hepatic microsomal enzymes) and 

adverse for the rat, but that the mechanism is generally not applicable to species with significant levels of thyroid 

binding globulin.  The NOAEL for systemic toxicity was 250 mg/kg bw/day with a LOAEL of 1000 mg/kg 

bw/day.  

DMDMS did not induce gene mutations in bacterial cells (Salmonella typhimurium TA98, TA100, TA102, 

TA1535 and TA1537) in vitro [OECD TG 471] or chromosomal aberrations in Chinese hamster ovary cells 

[OECD TG 473; tested at the limit dose of 10 mM]. Based on these results, DMDMS is not considered to be 

genotoxic in vitro. 

No data are available for the carcinogenicity of DMDMS.  

The reproductive toxicity of DMDMS has been investigated in a repeated-dose/reproductive/developmental 

toxicity screening test in rats [OECD TG 422]. DMDMS was administered via gavage to 10 rats/sex/dose at 0 

(corn oil), 50, 250, and 1000 mg/kg bw/day. Males were treated for at least 29 days (14 days prior to mating and 

through the mating period) and females were treated for 14 days prior to mating, during mating and gestation 

periods and through post-partum day 3. There was a decrease in body weight gain for females at 1000 mg/kg bw/d 

(during gestational week 3 and during the 4 day post-partum period). Based on observations at 1000 mg/kg bw/day 

(an increase in days of gestation and a decrease in live pups), the NOAEL for effects on fertility was 250 mg/kg 

bw/day. No gross abnormalities were found for any of the pups. Based on observations at 1000 mg/kg bw/day (an 

increase in post-implantation loss, a significant decrease in the total number of viable pups and the ratio of number 

of viable pups/total, a decrease in final litter weight, a decrease in final average pup weight and an increase in the 

percentage of post-natal loss) the NOAEL for maternal and developmental toxicity was 250 mg/kg bw/day.    

DMDMS may present a hazard for human health (repeated-dose (liver, adrenal gland, kidney, testes and 

epididymides), reproductive and developmental toxicity). Adequate screening-level data are available to 

characterize the human health hazard for the purposes of the OECD HPV Chemicals Programme.   

Environment 

Testing for water solubility, partition coefficient and biodegradation was not conducted because 

dimethoxydimethylsilane (DMDMS) undergoes rapid hydrolysis in the presence of water with the half life of <0.6 

hours at pH 7 and 25°C.   

The measured hydrolysis half-life for DMDMS at pH 7 and 25
o
C is <0.6 hrs. In the atmosphere, indirect photo-

oxidation by reaction with hydroxyl radicals is predicted to occur with a half-life of 5.5 days with an overall OH 

rate constant of 1.96 x 10
-12

 cm
3
/molecule-sec. The biodegradation of DMDMS has not been determined due to its 
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rapid hydrolysis. Based on the rapid hydrolysis of this material, any potential for biodegradation is likely to be of 

the hydrolysis products. Consequently, the only substances remaining in the test system will be methanol and 

dimethylsilanediol. Methanol is readily biodegradable based on the results of standard tests that show 76 – 82 % 

and 95 % removal in standard ready tests after 5 and 20 days, respectively. Dimethylsilanediol has been shown to 

biodegrade in soils at rates between 0.9 to 6.4% per month based on 
14

CO2 production and is not expected to be 

readily biodegradable.  

A level III fugacity model calculation with equal and continuous distributions to air, water and soil compartments 

suggests that DMDMS will distribute mainly to the soil (58.3%), water (25.8%) and air (15.8%) compartments 

with minor distribution to the sediment compartment (<1%). However, DMDMS is unlikely to be found in the 

environment, as this material is hydrolytically unstable.  A calculated Henry’s Law constant of 1.20 x 10
2
Pa-

m3/mole (1.18 x 10
-3

 atm-m3/mole) suggests that volatilization from the water phase for DMDMS is expected to 

be high.   

(these two paragraph differ only slightly; one should be deleted; believe the first paragraph is correct) 

Bioaccumulation is not anticipated since the parent compound, DMDMS, is hydrolytically unstable.  The 

estimated BCF for the hydrolysis product dimethylsilanediol is low (3.16). However, as the model is not validated 

for this compound a final conclusion on bioaccumulation of dimethylsilanediol cannot be drawn with accuracy.  

Experimental BCFs of < 10 in fish species, including Cyprinus carpio and Leuciscus idus, have been measured for 

methanol.  

Bioaccumulation is not anticipated since the parent substance DMDMS, is hydrolytically unstable.  The estimated 

BCF for the hydrolysis product dimethylsilanediol is low (3.16). However, as the model is not validated for 

compounds containing silane in their structure a final conclusion on bioaccumulation of dimethylsilanediol cannot 

be drawn with accuracy.  Experimental BCFs of < 10 in fish species, including Cyprinus carpio and Leuciscus 

idus, have been measured for methanol.  

DMDMS reacts to form methanol and dimethylsilanediol through hydrolysis. The bioaccumulation potential for 

dimethylsilanediol cannot be predicted accurately, but is expected to be low (calculated BCF = 3.16). Methanol is 

not likely to bioaccumulate (measured BCF<10). Furthermore, due to these properties, current estimation models 

are not capable of calculating physicochemical or environmental fate values of dimethylsilanediol with a known 

degree of accuracy. The adsorption of dimethylsilanediol onto surfaces and its tendency to polymerize itself are 

important properties of this chemical. In the environment, dimethylsilanediol is expected to be found in water and 

air and to be adsorbed by soil and sediment, but is still subject to hydrolysis. Unbound dimethylsilanediol in air, 

water, and soil is expected to degrade photolytically to silica and carbon dioxide.  

Due to the rapid hydrolysis of DMDMS, aquatic organisms are likely exposed to the parent and its hydrolysis 

products, methanol and dimethylsilanediol. Acute aquatic toxicity to invertebrates has been investigated for 

DMDMS. Data for the hydrolysis products, methanol and dimethylsilanediol, are provided for acute toxicity to 

fish, aquatic invertebrates and aquatic plants. 

The following acute toxicity test results have been determined for aquatic species: 

DMDMS 

Fish: no data 

Invertebrate [Daphnia magna]: 48 h EC50 >  100 mg/L  (static; nominal) 

Algae: no data 

Methanol 

Fish [Lepomis macrochirus]: 96 h LC50 = 15,400 mg/L (flow-through) 

Fish [Salmo gairdneri ]: 96 h LC50 = 20,100 mg/L (flow-through) 

Fish [Pimephales promelas]: 96 h LC50 = 28,100 mg/L (flow-through) 

Invertebrate [Daphnia magna]: 48 h EC50 = 10,000 mg/L  (no details located) 

Algae [Scenedesmus quadricauda]: 10-14 d EC50 =28,400 (no details located) 

Dimethylsilanediol 
Fish [Oncorhynchus mykiss]: 96 h LC50 > 126 mg/L (static, measured) 

Invertebrate [Daphnia magna]: 48 h EC50 >  117 mg/L  (static; measured) 

Algae [Pseudokirchneriella subcapitata]: 72 hr EyC50, EC50 >118 (static; measured) 
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Algae [Pseudokirchneriella subcapitata]    NOEC = 118  mg/L (static; measured) 

DMDMS does not present a hazard for the environment based on its low hazard profile and the low hazard profile 

of its hydrolysis products.  DMDMS is not expected to be readily biodegradable. Adequate screening-level data 

are available to characterize the environmental hazard for the purposes of the OECD HPV Chemicals Programme. 

Exposure 

DMDMS was produced and/or imported in the United States at a volume between 454 and < 4,540 tonnes (1 

million and < 10 million pounds) during 2005. This material is also produced in Japan (< 45 tonnes in 2005). The 

substance is used as a chemical intermediate, an intermediate for silicone polymer/oligomers, rubber additive, 

water repellent; and in automotive products. Percent use in the final product is 0.02-100% with no parent 

substance remaining after end use.  

DMDMS is manufactured in closed systems. Engineering controls include ventilation devices and related 

equipment; closed sampling loops; grounding. Personal protective equipment includes safety glasses, respirator, 

gloves (impermeable chemical resistant), fire resistant clothing, safety shoes, and hard hat. No exposure is 

anticipated under routine operations.  Potential routes of exposure during routine operations include dermal and 

inhalation.  

The industrial consumers use DMDMS in closed systems; potential non-accidental exposure is not ruled out 

because additional information could not be obtained. Engineering controls include grounding and ventilation.  

Personal protective equipment includes gloves, safety glasses, and respirator. Potential routes of non-accidental 

exposure include inhalation and dermal.  

DMDMS is used in consumer automotive products at <1%; dermal exposure is possible. 

There are no intentional releases to the environment. The reactive nature of this material destroys the parent 

material in water, thus limiting environmental exposure to DMDMS.   
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SUMMARY CONCLUSIONS OF THE SIAR 

Physical-chemical properties 

n-Undecane is a colourless liquid with a water solubility of 0.004 mg/L to 0.044 mg/L at 25 °C.  Melting point 
and boiling point are -25.5 °C and 195.9 °C respectively. A calculated partition coefficient between octanol and 
water (Log Kow) is 5.74. Vapour pressure of n-undecane is 50 Pa at 25 °C. An estimated soil adsorption 
coefficient (Log Koc) is 3.42. 

Human Health 

n-Undecane vapour was readily absorbed by inhalation and was distributed to various tissues, especially fat 
tissues in rats. n-Undecane was also preferentially distributed to brain and a long-lasting redistribution from fat 
to brain can occur. The amount of n-undecane that can be absorbed through the skin was very small in vitro. 
After a single topical dose of n-undecane, maximum concentration in blood (C max) occurred shortly after the 
end of exposure (t max, ca. 30 min) in two healthy human volunteers. 

The 8-h inhalation LC50 value was above 2.82 mg/L (saturated vapor) for male rats. No toxic effects were 
observed in clinical signs, body weights, necropsy and histological observations.  

The oral LD50 value was above 2000 mg/kg for male and female rats in the acute study following OECD 
TG401. No toxic effects were observed.  

The incidences of mild irritancy to skin by n-Undecane were reported only from lower reliability studies (pigs 
and rabbits). Prolonged or repeated skin contact may cause defatting and dermatitis. No experimental data are 
available for eye irritation.  

No experimental data are available for skin sensitization in animals and humans. 

The repeat dose and reproductive/developmental toxicity screening toxicity of n-undecane has been investigated 
in one study. In a repeat dose and reproductive/developmental toxicity screening study in rats following OECD 
TG422, n-undecane was administered daily via gavage to 12 animals/sex/dose at 0, 100, 300, and 1000 mg/kg 
bw/day, for 46 days for males and from 14 days before mating to day 3 of lactation for females. Salivation was 
observed, and the body weight gain was suppressed in males given 1000 mg/kg bw/day, and body weights were 
increased in females given 1000 mg/kg bw/day during the lactation period. A decrease in hemoglobin 
concentration, an increase in white blood cells count, a decrease in albumin, and increases in α2-globulin, 
glutamic-pyruvic transaminase, cholinesterase and total cholesterol were found in males given 1000 mg/kg 
bw/day. Liver and thymus weights were increased in males given 1000 mg/kg bw/day, and liver weights were 
elevated in females given 1000 mg/kg bw/day. No effects were detected at autopsy or after histopathological 
investigations. The NOAEL for repeat dose toxicity is considered to be 300 mg/kg bw/day for both sexes.  

In a bacterial reverse mutation assay with E.coli WP2 uvrA and multiple strains of Salmonella typhimurium 
following OECD TG471 and 472, n-undecane was negative both with and without metabolic activation. An in 
vitro chromosomal aberration test using Chinese hamster lung (CHL/IU) cells was negative with and without 
metabolic activation following OECD TG473.  

Undecane was shown to have tumour promoting activity in mice skin following dermal exposure three times per 
week with benzo[a]pyrene as an initiator for 440 days, although undecane alone did not induce tumours in mice 
skin. No other data are available on the carcinogenicity of n-undecane by other exposure routes. 

The reproductive toxicity of n-undecane has been well investigated in a reproductive and developmental toxicity 
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screening test in rats following OECD TG422. In this study, n-undecane was administered daily via gavage to 
12 animals/sex/dose at 0, 100, 300, and 1000 mg/kg bw/day, for 46 days for males and from 14 days before 
mating to day 3 of lactation for females. Reproductive toxicity in parental animals was not observed up to 1000 
mg/kg bw/day. In offsprings of the 1000 mg/kg bw/day group, body weight gain was decreased. The NOAEL 
for reproductive toxicity is considered to be 1000 mg/kg bw/day, and the NOAEL for maternal and 
developmental toxicity is considered to be 300 mg/kg bw/day. However, the decreased body weight gain may be 
due to some general maternal toxicity. 

n-Undecane may present a hazard for human health (repeated dose toxicity). Adequate screening-level 
data are available to characterize the human health hazard for the purposes of the OECD HPV 
Chemicals Programme.   

Environment 

In the atmosphere, n-undecane is expected to be degraded by hydroxyl radicals.  A calculated half-life time of 
0.854 days and a rate constant of 12.5 × 10-12 cm3/molecule-sec were obtained by AOPWIN for the indirect 
photo-oxidation by reaction with hydroxyl radicals in air.  n-Undecane is not expected to directly photolyze 
due to a lack of absorption in the environment UV spectrum.  

n-Undecane is not hydrolysed due to the lack of hydrolysable functional groups.  n-Undecane is considered to 
be readily biodegradable. n-Undecane was degraded 100 % by BOD under aerobic conditions after 4 weeks 
cultivation period according to OECD Guideline 301C.  No measured data of bio-accumulation of n-undecane 
is available.  A bioconcentration factor of 120.9 was calculated with BCFWIN using a log Kow of 5.74. A 
bioconcentration factor of 1420 was also calculated with the Arnot-Gobas method, which indicates that 
n-undecane has a moderate bioaccumulation potential. 

Fugacity level III calculations show that n-undecane is mainly distributed to the water compartment (69.9 %) 
and air compartment (24.4 %) if equally and continuously released to the air, soil and water. A Henry’s law 
constant of 7.04 atm.m3/mole at 25 °C suggests that volatilization from water surfaces may be an important fate 
process. 

The following acute toxicity test results have been determined for aquatic species: 

Fish [Oryzias latipes]:                        96 h LC50 >0.013 mg/L (measured) 

Invertebrate [Daphnia magna]:                 48 h EC50 = 0.011 mg/L (measured) 

Algae[Pseudokirchneriella subcapitata]:         72 h ErC50 >0.0059  (measured; growth rate) 

                                          72 h EbC50 >0.0059  (measured; biomass) 

The following chronic toxicity test results have been determined for aquatic species: 

Invertebrate [Daphnia magna]:                 21 d NOEC = 0.0057 mg/L (measured) 

                                          21 d LOEC = 00083 mg/L (measured) 

Algae[Pseudokirchneriella subcapitata]:         72 h NOEC >0.0059 mg/L (measured; growth rate) 

                                          72 h NOEC >0.0059 mg/L (measured; biomass) 

n-Undecane possesses properties indicating a hazard for the environment (acute aquatic toxicity values less 
than 1 mg/L for invertebrate, and chronic aquatic toxicity value less than 0.01 mg/L for invertebrate). 
However, the substance is readily biodegradable and has moderate bioaccumulation potential. Adequate 
screening-level data are available to characterize the hazard to the environment for the purposes of the 
OECD HPV Chemicals Programme. 

Exposure 

The annual production volume of n-undecane in the sponsor country is expected to be 1,000-10,000 tonnes. The 
worldwide production volume of n-undecane is not available. In the Sponsor country n-Undecane is separated 
and purified by distillation from n-paraffins which is isolated from desulfurized kerosene by selective adsorption 
with molecular sieve.  

n-Undecane is used as feedstock for detergents and other industrial materials, reaction solvents and solvents for 
industrial cleaning in the sponsor country.  n-Undecane is also used in consumer products like car wax, oil for 
lamp in the sponsor country.  Uses for petroleum research, organic synthesis and distillation chaser are also 
known.  It is reported that n-undecane is contained in gasoline. According to IUR information by US-EPA, 
n-undecane is used in consumer products like lubricants, greases and fuel additives.  Therefore, consumer 
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exposure is expected through the use of these products. 

n-Undecane is produced in continuous closed system where little potential exists for environmental exposure in 
the sponsor country. Vent gas from the system is burnt.  Waste water, which may be released from the system 
through maintenance, is treated in the waste water treatment plant with activated sludge before it is released in 
the environment.  

Occupational exposure to n-undecane through inhalation and dermal contact are possible. Swedish Permissible 
exposure limit for n-undecane is 350 mg/m3. 
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SIDS INITIAL ASSESSMENT PROFILE 
 

CAS No. 123-30-8 

Chemical Name p-Aminophenol 

Structural Formula 

 
 

OHH2N
 

 
 

SUMMARY CONCLUSIONS OF THE SIAR 

Physical-chemical properties 

p-Aminophenol is a white or reddish yellow crystalline solid with a water solubility of 15.7 g/L at 20 °C.  The 
melting point and boiling point are 187.5 °C and 284 °C (decomposition point) respectively.  A partition 
coefficient between octanol and water (Log Kow) is 0.04 at pH 7.4.  A calculated vapour pressure of 
p-aminophenol is 0.00436 Pa at 25 °C.   

p-Aminophenol is an amphoteric substance with both hydroxyl and amino functional groups.  Dissociation 
constants of pKa1 = 5.48 and pKa2 = 10.30 show that p-aminophenol exists primarily as its neutral species in the 
environment at pH values between 6 and 9.   

Human Health 

Following oral administration to rabbits, 100 % of p-aminophenol is absorbed. In rabbits, the substance is 
excreted in the urine. Aminophenol conjugates and acetaminophenol and its conjugates were major urinary 
metabolites in rats subcutaneously administered with p-aminophenol. The dermal absorptions of p-aminophenol 
in rats and humans are 11% and 6-8% of the applied dose, respectively.  

The oral LD50 value was 671 mg/kg bw for male and female rats. P-Aminophenol caused lethargy, piloerection 
and oedematous swelling of the salivary glands. There are no reliable information for acute inhalation and dermal 
studies; however the inhalation LC50 value is reported to be more than 5.91 mg/L and the dermal LD50 value is 
reported to be more than 5000 mg/kg bw in the secondary literature. 

The irritant effects on the skin were tested in accordance with standard guideline. p-Aminophenol was slightly 
irritating to rabbit skin. It led to slight edema of both the intact and abraded sites in one rabbit at 24hr after 
application and recovered within 72 hr (a primary irritation score of 0.2 out of 8). p-Aminophenol was slightly 
irritating to rabbit eyes, but caused no corneal opacity. All the lesions disappeared within 2 days of the 
instillation in rabbits. No experimental data were available for respiratory tract irritation in animals. 

p-Aminophenol gave positive results for skin sensitization in a patch test in guinea pigs. Various human skin 
sensitisation studies showed positive reactions to p-aminophenol in hairdressers/barbers.  

The repeated dose toxicity of p-aminophenol has been investigated in three studies. In a repeated dose oral 
toxicity study in rats following OECD TG No.407, the substance was administered via gavage to (6 
animals/sex/dose) at 0, 4, 20, 100 or 500 mg/kg bw/day, for 28 days with a 14-day recovery period. Death was 
observed in one male due to renal damage at 500 mg/kg bw/day. Anemia-like findings were observed in males 
and females at 500 mg/kg bw/day. Brown urine was found in males and females at 100 and 500 mg/kg bw/day. 
There were increases in extramedullary hematopoiesis in 1 male and 5 females (2 females in the recovery group) 
and in hemosiderin pigment of the spleen in 5 females (6 females in the recovery group). Basophilic tubules in 
the kidney were observed in 1 male and 4 females at 100 mg/kg bw/day, and 4 males (3 males in the recovery 
group) and all females at 500 mg/kg bw/day. In addition, there were significantly increased absolute kidney 
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weights in females at 100 and 500 mg/kg bw/day and relative kidney weights in both sexes at 500 mg/kg bw/day. 
Significant increases in relative spleen weights in females at 500 mg/kg/day and in absolute and/or relative liver 
weights in both sexes at 500 mg/kg/day were also observed. Absolute brain weight was significantly decreased in 
the recovery group females at 100 and 500 mg/kg/day. Based on these results, the NOAEL for repeated dose oral 
toxicity was considered to be 20 mg/kg bw/day.  

In a reproductive and developmental toxicity screening test in rats following OECD TG No.421, the substance 
was administered via gavage to (12 animals/sex/dose) at 0, 20, 100 and 500 mg/kg bw/day, for 40-60 days. Four 
males and 2 females died at 500 mg/kg/day. In these dead animals, renal pathological changes including tubular 
necrosis, basophilic tubules or protein cast etc. were observed. In the surviving animals, decreases in body weight 
gain and food consumption, and brown urine were observed. Histopathological changes in the kidney (basophilic 
tubules, protein cast, and granular cast) and spleen (deposits of hemosiderin in the red pulp and extramedullary 
hematopoiesis) were observed in both sexes. In males, testicular toxicities such as histopathological changes and 
decreased absolute and relative weights of the testes and epididymides were indicative of treatment related 
effects. These findings were observed in male and female groups at 500 mg/kg bw/day; brown urine in both 
sexes and decreased food consumption in females were also found at 100 mg/kg bw/day. Based on these effects, 
the NOAEL for repeated dose oral toxicity was considered to be 20 mg/kg bw/day. 

In a repeated dose feeding study in rats, 40 male and 45 female rats per dose received concentrations of 0, 0.07, 
0.2 or 0.7% p-aminophenol in the diet for up to 6 months (equivalent to ca. 0, 47, 133, or 467 mg/kg bw/day). A 
reduction of body weight gain was observed in both sexes at 467 mg/kg bw/day. Decreases in RBC and 
haemoglobin were observed in females of the 467 mg/kg bw/day group at 13 week. In the histopathological 
examination, nephrosis was observed in both sexes at 47 mg/kg bw/day at 13 weeks. Based on these results, the 
dose of 47 mg/kg bw/day was considered as the LOAEL for both sexes. 

In a bacterial reverse mutation assay with multiple strains of Salmonella typhimurium and Escherichia coli 
following OECD TG471 and TG 472, p-aminophenol was negative both with and without metabolic activation. 
An in vitro chromosomal aberration test using Chinese hamster lung (CHL/IU) cells following OECD TG473 
was positive with and without metabolic activation. An in vivo micronucleus test using male mice following 
OECD TG474 was positive. An in vivo dominant lethal mutation test using male rats mated with untreated 
females was negative. Equivocal results exist concerning genotoxicity based on various in vitro and in vivo 
reports, but p-aminophenol is considered to be genotoxic (clastogenic) in vitro and in vivo based on positive 
results in the TG473 and TG 474 studies. 

No reliable data were available for the carcinogenicity of p-aminophenol.  

The reproductive toxicity of p-aminophenol has been well investigated in a reproductive and developmental 
toxicity screening test in rats [OECD TG 421]. In this study, p-aminophenol was administered via gavage to (12 
animals/sex/dose) at 0, 20, 100, or 500 mg/kg bw/day, for 40-60 days. Death was observed in both sexes (4 males 
and 2 females) at 500 mg/kg bw/day. Histopathological examinations revealed decreased spermatocytes and 
spermatid levels, vacuolation of Sertoli cells, degeneration/necrosis of spermatocytes in the testis, and decreased 
sperm counts and debris of germ cells in the epididymis lumen at 500 mg/kg/day, but these changes did not affect 
male reproductive performance, as evidenced by no changes in the copulation index, fertility index or precoital 
interval. Terminated estrus, longer gestation period, decreased delivery index, increased number of stillborn 
pups, lowered pup weight, decreased viability of pup on PND4 were observed at 500 mg/kg/day. The NOAEL 
for reproductive toxicity was considered to be 100 mg/kg bw/day based on terminated estrus and longer gestation 
period at 500 mg/kg bw/day, and the NOAEL for developmental toxicity was considered to be 100 mg/kg 
bw/day based on decreased delivery index, increased number of stillborn pups, lowered pup weight and 
decreased viability of pup on PND4 at 500 mg/kg/day. However, these effects were observed at the high dose, at 
which significant systemic/maternal toxicity was observed. 

In a feeding developmental toxicity study in rats, 25 female rats received concentrations of 0, 0.07, 0.2 or 0.7% 
p-aminophenol in the diet for 13 weeks (equivalent to ca. 0, 47, 133, or 467 mg/kg bw/day). They were then 
mated with untreated males. Pregnant females were once again fed with the p-aminophenol containing diet until 
day 20 of gestation, when they were killed. On day 0 of gestation, maternal body weights in the 133 and 467 
mg/kg bw/day dose groups were lower than those of controls. From day 0 to day 20 of gestation, maternal weight 
gains in the 467 mg/kg bw/day dose group had decreased. Dose-related postimplantation loss was observed at 
133 and 467 mg/kg bw/day in the presence of maternal toxicity. No toxicologically significant malformations 
were observed in the foetuses, but the number of variations (14th rudimentary ribs, unossified fifth or sixth 
sternebrae) was increased in the 133 and 467 mg/kg bw/day group as a consequence of maternal toxicity. The 
incidence of 14th rudimentary ribs is comparable with historical control, and increases of variations in the 14th 
ribs were only significant at the highest dose. Based on decreased maternal body weights at 133 mg/kg bw/day 
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and higher, the NOAEL for maternal toxicity was considered to be 47 mg/kg bw/day, but no adverse effects were 
observed on reproductive function. The NOAEL for developmental toxicity was considered to be 47 mg/kg 
bw/day based on postimplantation loss at 133 and 467 mg/kg bw /day, which is considered to be secondary 
effects of maternal toxicity. 

p-Aminophenol may present a hazard for human health (skin irritation/sensitization, repeated dose 
toxicity and genotoxicity). Adequate screening-level data are available to characterize the human health 
hazard for the purposes of the OECD HPV Chemicals Programme. 

Environment 

In the atmosphere, p-aminophenol is expected to be degraded by hydroxyl radicals.  A calculated half-life time 
of 0.144 days and a rate constant of 74.2 × 10-12 cm3/molecule-sec are obtained by AOPWIN for the indirect 
photo-oxidation by reaction with hydroxyl radicals in air.   

p-Aminophenol is not stable to sunlight and turns violet on exposure to sunlight.  As p-aminophenol has 
absorptions with λmax of 294 nm in the environmental UV spectrum, direct photolysis by light may occur.  
p-Aminophenol is also expected to undergo rapid oxidation in the presence of air. p-Aminophenol is not 
hydrolysed due to the lack of hydrolysable functional groups.  However, it is expected that p-aminophenol is 
not stable in water because of oxidation process in water.  It is known that oxidation process of aminophenols 
leads to the formation of highly coloured polymeric quinoid structures. Half-life times in water are reported to be 
7.67 days in purified water at 100 mg/L at pH 7 at 25 °C and 7.23 hours in de-chlorinated water at 1 mg/L at pH 
7.3 – 7.6 at 24 °C The latter value seems to be the most environmentally relevant one. However, there is some 
uncertainty on the reliability and relevance of both these half lives. 

A test result with activated sludge showed 6 % degradation by BOD after four weeks cultivation according to the 
equivalent protocol with OECD Guideline 301C.  After the cultivation period, no p-aminophenol was detected 
but polymerized substances were detected.  BIOWIN estimation predicts that p-aminophenol is not ready 
biodegradable.  According to these results, p-aminophenol is considered to be not readily biodegradable.  

In a study performed according to OECD Guideline 305C with carp exposed to p-aminophenol at concentrations 
of 1.5 µg/L and 0.15 µg/L, bio-concentration factors of 10 – 46 were obtained over an eight-week exposure 
period.  A bio-concentration factor of 3.2 was calculated by BCFBAFWIN using a log Kow of 0.04.  These 
results demonstrate a low bioaccumulation potential of p-aminophenol in aquatic organisms.  An estimated log 
Koc of 1.96 indicates a low potential for accumulation in soil. 

Fugacity level III calculations show that p-aminophenol is mainly distributed to the water compartment (99.5 %) 
if released to the water. A Henry’s law constant of 2.01×10-5 Pa.m3/mole at 25 °C suggests that the volatilisation 
potential of p-aminophenol from the water surface is expected to be low.   

The following acute and chronic toxicity test results have been determined for aquatic species. In view of the 
half-life observed at 1 mg/l, it is possible that the species are exposed to both parent substance and degradation 
products. 

Fish [Oryzias latipes]:                         96 h LC50 = 0.93 mg/L (measured) 

Invertebrate [Daphnia magna]:                  48 h EC50 = 0.098 mg/L (measured) 

Algae[Pseudokirchneriella subcapitata]:          72 h ErC50 = 0.15 mg/L (measured; growth rate) 

                                           72 h EbC50 = 0.11 mg/L (measured; biomass) 

Fish [Oryzias latipes]:                         41 d NOEC = 0.064 mg/L(measured, growth) 

Invertebrate [Daphnia magna]:                  21 d NOEC = 0.055 mg/L (measured) 

Algae[Pseudokirchneriella subcapitata]:          72 h NOEC = 0.036 mg/L (measured; growth rate) 

                                           72 h NOEC = 0.036 mg/L (measured; biomass) 

p-Aminophenol possesses properties indicating a hazard for the environment (acute aquatic toxicity values 
lower than 1 mg/L for fish, invertebrate and algae, chronic aquatic toxicity values lower than 0.1 mg/L for 
fish, invertebrate and algae and not readily biodegradable). However, the substance has low 
bioaccumulation potential. Adequate screening-level data are available to characterize the hazard to the 
environment for the purposes of the OECD HPV Chemicals Programme. 
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Exposure 

Production of p-aminophenol in Japan was about 400 tonnes in 2007.  Production and import volume of 
aminophenols without distinction of ortho, meta and para isomers was reported to be 1,000 – 10,000 tonnes in 
Japan in fiscal year 2004.  Production volume of p-aminophenol in the USA was between 500,000 to 1 million 
pounds in 2006 according to IUR information supplied by the US-EPA.  Worldwide production volume of 
p-aminophenol was not available.  p-Aminophenol is produced by electrolytic reduction of nitrobenzene in 
sulphuric acid or manufactured by reduction of p-nitrophenol with iron filings and hydrochloric acid.   

p-Aminophenol is used as an intermediate for sulfur dyes, rubber antioxidant, and photo-graphic developer in 
Japan. This substance is also used as an intermediate for pharmaceutical products, a wood stain, imparting a 
rose-like colour to timber and a dyeing agent for furs and feathers.  p-Aminophenol is used as a developer in 
oxidation hair dyes. 

As p-aminophenol has high water solubility with 15.7 g/L at 20 °C and low vapour pressure with 0.00436 Pa at 
25 °C, it is thought that water compartment is the main target if p-aminophenol is released during the industrial 
processes.  No detailed information was available as to what extent p-aminophenol is released during the 
manufacturing and processing processes in Japan.  However, it is mentioned that most production of the 
technical grade aminophenols occurs on-site as they are chiefly used as intermediate reactants in continuous 
chemical syntheses.  As p-aminophenol is not readily biodegraded, the possibility of environmental release may 
exist.  

A nation-wide environmental survey of chemicals conducted by the Japanese Ministry of Environment in fiscal 
year 1986 showed that p-aminophenol was not detected in environmental surface water in nine different places 
with detection limit of 0.8 µg/L.  This survey also showed no detection of p-aminophenol in sediment in nine 
different places (detection limit of 0.05 µg/dry-g).  The same survey conducted in the fiscal year 2004, and 
p-aminophenol was detected in environmental surface water in one place at the level of 0.02 – 0.05 µg/L.  

Occupational exposure through inhalation of dust and dermal contact is possible. As p-aminophenol is used as an 
ingredient in hair dyes, direct consumer exposure does occur. 
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INITIAL TARGETED ASSESSMENT PROFILE 
 

CAS RN 17540-75-9 

Chemical Name  
Phenol, 2,6-bis(1,1-dimethylethyl)-4-(1-methylpropyl)- 

(DTBSBP) 

 

Structural Formula 

 

 
 

SUMMARY CONCLUSIONS OF THE TARGETED ASSESSMENT 

NOTE: The present assessment is targeted to address the following environment endpoints: stability in water 
and biodegradability, bioaccumulation potential, acute toxicity to aquatic organisms based on read across to 
close structural analogues and application of (Q)SAR model predictions. It cannot be considered as a full SIDS 
Initial Assessment. Summary information on exposure is also reported here. Other endpoints for human health 
and the environment are included in the Canadian screening assessment but have not been agreed upon by 
OECD member countries, and thus are not included in this profile.  
The final screening assessment has been published under the responsibility of the Government of Canada.  
[ http://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=AE29F426-1 ] 

Rationale for Targeting the Assessment 

The Government of Canada "categorized" or prioritized all 23,000 chemical substances on its Domestic 
Substances List (DSL) from 1999 to September 2006, as required by its Canadian Environmental Protection 
Act, 1999 (CEPA 1999). Using information from Canadian industry, academic research and other countries, 
Government of Canada scientists applied a set of rigorous tools to the 23,000 chemical substances on the DSL. 
They were categorized to identify those that were: inherently toxic to humans or to the environment and that 
might be persistent and/or bioaccumulative; and substances to which people might have greatest potential for 
exposure. During this priority-setting exercise, distinct approaches were taken for identifying substances of 
likely concern for human health and the environment, and subsequent assessment activities may have focused 
on either human health or ecological endpoints. Through categorization, the Government of Canada has 
identified approximately 4,000 of the 23,000 chemical substances on the DSL as priorities for further 
assessment, research and/or measures to control their use or release. 

The substance, DTBSBP was identified as a high priority for assessment of ecological risk because it was found 
to meet the ecological categorization criteria for persistence, bioaccumulation potential and inherent toxicity to 
aquatic organisms, and was believed to be in commerce in Canada.  

Analogue rationale  

To fill data gaps for biodegradation, bioaccumulation and ecotoxicity endpoints, a literature search was performed 
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and the database ChemIDplus® was used to identify appropriate analogue substances of DTBSBP. The substances 
2,4,6-tri-tert-butylphenol (CAS RN 732-26-3) and 2,6-di-tert-butyl-4-ethylphenol (CAS RN 4130-42-1) were 
found to be appropriate analogues for DTBSBP as they are similar in molecular mass and have similar structure 
and functional groups to DTBSBP. The molecular mass of DTBSBP is 262.44 g/mol. The structure and molecular 
mass of these analogue substances are presented in Table 1 below.  
 
Table 1. Analogue substances of DTBSBP used in the assessment 

Analogue Structure Molecular 
mass (g/mol) 

2,4,6-tri-tert-
butylphenol,  

CAS RN 732-26-3 

 

262.4 

2,6-di-tert-butyl-4-
ethylphenol,  

CAS RN 4130-42-1 

 

234.4 

Physical-chemical properties 

The substance DTBSBP is a liquid at room temperature. Physical-chemical property data for DTBSBP and 
analogue substances are presented in Table 2 below.   

Table 2. Experimental and modelled physical-chemical properties of DTBSBP and analogue substances1 

CAS RN. Log Kow Water 
solubility 
(mg/L) 

Melting 
Point (°C) 

Boiling 
Point (°C) 

Vapour 
Pressure 

(Pa) 

17540-75-9 
(DTBSBP) 

6.43 (m) 

6.1 (m) 

0.25 (m) 

2.5 (m) 

102 (m) 

18.9 (e) 

330 (m) 

275 (e) 

0.0028 (m) 

0.35 (m) 

732-26-3 6.39 (m) 

6.06 (e) 

0.51 (m) 

 

104 (m) 

131 (u) 

324 (m) 

278 (u) 

0.027 (m) 

4130-42-1 5.52 (m) 2.1 (m) 92 (m) 

44 (u) 

310 (m) 

272 (u) 

0.29 (m) 

(e= experimental data; m= modelled data; u= unknown: value is from a compilation volume) 

1. For a level comparison between all the substances, the first line of data for each substance shows data 
modelled using EPI Suite (2008) without the input of any available measured physical-chemical properties.  
The second line of data for each substance gives the measured values, where available, and in the case of 
DTBSBP, either measured values or values that were modelled using EPI Suite (2008) with some input of 
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measured or analogue physical-chemical property values.  This second line of values in the table for 
DTBSBP are the values that were used for further modelling of the environmental fate, ecotoxicity and 
bioaccumulation of this substance.  For some of the analogue values, the original source of the data is not 
actually known as the values were taken from compilation volumes.   

Human Health 

Not part of the targeted assessment. 

Environment  

The acid dissociation constant (pKa) of DTBSBP was modelled using the ACD/pKaDB Prediction Module 
(2005, v.9.04). The relatively high value obtained (pKa = 11.85) for the hydroxyl group of DTBSBP indicates 
that in water bodies at environmentally relevant pH (6–9), nearly 100% of the substance will be undissociated.  

According to the results of Level III fugacity modelling (EQC model 2003, v.2.02), DTBSBP is expected to 
predominantly reside in sediment (54%) and in air (36%) if released only to air.  It will primarily reside in 
sediment (96%) if released only to water, and in soil (99.9%) if released only to soil.   

Based on its high estimated log Koc value of  4.47 (PCKOCWIN, 2000, v.2.00), if released into water, DTBSBP is 
expected to adsorb strongly to suspended solids and sediment, and if released to soil, it will have high adsorptivity 
to soil particles (i.e., it is expected to be immobile). An estimated Henry’s Law constant of 3.70 Pa·m3/mol 
(HENRYWIN, 2000, v.3.20) suggests that volatilization from water surfaces and moist soils is not expected to be 
high.  

Atmospheric degradation of DTBSBP was modelled using AOPWIN (2000, v.1.92). A predicted half-life of 0.52 
days via reactions with hydroxyl radicals demonstrates that DTBSBP is likely to be rapidly oxidized. The substance 
is not expected to react with other photo-oxidative species in the atmosphere, such as O3.  

Since only one experimental study on the biodegradation of DTBSBP was available, read-across analogue data and 
ultimate biodegradation predicted by models (BIOWIN 2000 v.4.10, TOPKAT 2004 v.6.2, Canadian POPs Model 
2008) were also considered. All modelled results agree that that DTBSBP will not biodegrade rapidly and is 
expected to have a long ultimate degradation half-life in water (months). These ultimate degradation results are 
consistent with the properties associated with the functional groups in the chemical structure of DTBSBP. The 
estimated results predicting an ultimate degradation half-life of ≥ 182 days in water are supported by the empirical 
data that indicate that DTBSBP and its analogue substances, 2,4,6-tri-tert-butylphenol and 2,6-di-tert-butyl-4-
ethylphenol, do not readily biodegrade under aerobic conditions (OECD TG 301C; 0% BOD after 28 days; same 
result for all three substances). Also, DTBSBP does not contain functional groups expected to undergo hydrolysis 
in water, and this substance contains structural features associated with chemicals that are persistent (i.e., – tert-
butyl branches, benzene ring with more than two substituents and Kow >3).  

Since no experimental bioaccumulation data for DTBSBP were available, available analogue data and modelled log 
Kow, bioaccumulation factor (BAF) and bioconcentration factor (BCF) data were considered. The high modelled 
Kow value of DTBSBP (log Kow = 6.1; KOWWIN v.1.67) indicates that uptake through the diet is expected to be 
an important route of bioaccumulation in fish. BAF and BCF values were predicted for DTBSBP and the two 
analogues using the Arnot-Gobas kinetic model corrected for metabolic rate for middle trophic level fish 
(BCFBAF, 2008, v.3.00). The BCF and BAF values predicted by this model for DTBSBP (BCF = 22 387 L/kg, 
BAF = 870 963 L/kg) and the two analogues (BCF = 3119 and 14 050 L/kg, BAF = 7534 and 324 700 L/kg for 2,6-
di-tert-butyl-4-ethylphenol and 2,4,6-tri-tert-butylphenol respectively) indicate that DTBSBP is likely to be highly 
bioaccumulative. The Arnot-Gobas model was shown to be a good predictor of the empirical BCF data when 
compared with the available empirical fish BCF data for the analogue substances (highest BCF = 4870 to 5060 for 
2,6-di-tert-butyl-4-ethylphenol, and BCF = 16 000 to 23 000 L/kg for 2,4,6-tri-tert-butylphenol). Therefore, more 
weight is given to the results of the Arnot-Gobas model than to the results of the other two BCF models employed 
(BCFBAF 2008 v.3.00 – without correction for metabolic rate, and Dimitrov model in the Canadian POPs Model 
suite 2008), which produced BCF values of less than 5000. 

There are no experimental data available for the aquatic toxicity of DTBSBP, therefore modelled and analogue data 
were used to estimate the potential for aquatic toxicity. Toxicity values were predicted for DTBSBP in fish (96h 
LC50 = 0.039-0.1 mg/L; 60-day EC50 0.007 mg/L), water flea (96h EC50 0.015-0.93 mg/L; 21-day EC50 =0.12 
mg/L), and algae (96h EC50 0.20 mg/L; chronic EC50 0.09 m/L) using the models ECOSAR 2008 v.1.00, 
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Canadian POPs Model 2008, AIEPS 2003-2007 v.2.05, and TOPKAT 2008 v.6.2. The lowest predicted aquatic 
toxicity value for DTBSBP is the 60-day chronic EC50 value of 0.007 for fish (ECOSAR, 2008, v.1.00). In 
ECOSAR, toxicity predictions for DTBSBP were modelled as a phenol rather than as a neutral organic. However, 
the predictions for DTBSBP modelled as a neutral organic are very similar to the ECOSAR values modelled as a 
phenol. All toxicity predictions appear to be within the applicability domains of the models as none of the 
maximum Kow and molecular weight cut-off values specified in ECOSAR are exceeded. In addition, the predictions 
are below the estimated water solubility of the substance. The following empirical aquatic toxicity data for the 
analogue 2,4,6-tri-tert-butylphenol are available: fish (48-96 h LC50 0.06->10 mg/L), water flea (48h LC50 = 0.11 
mg/L; 21-day reproduction NOEC 0.36 mg/L), and algae (72h NOEC =0.32 mg/L). The lowest measured analogue 
read-across aquatic toxicity value for 2,4,6-tri-tert-butylphenol is a 96-h LC50 of 0.06 mg/L for fathead minnow.  
The measured toxicity values seem to generally support the modelled toxicity values for DTBSBP. 

DTBSBP possesses properties indicating a hazard for the environment (acute and chronic aquatic toxicity 
below 1 mg/L, not readily biodegradable and has high bioaccumulation potential). 

    Exposure Summary Information 

DTBSBP is an organic substance that is used in Canada and elsewhere as an antioxidant and liquid stabilizer in 
plastics such as polyvinyl chloride (PVC) and polyurethane, as well as in brake fluids, ink resins and 
mineral/vegetable oils used industrial applications. It is also used as an antioxidant in the petrochemical sector.  
 
This substance is not naturally produced in the environment. Currently the only known global manufacturer of this 
substance is located in the United States. A quantity of 16 686 kg of DTBSBP was imported into Canada in 2006, 
for use mainly in plastics manufacturing. The quantity of DTBSBP imported into Canada, along with the 
potentially dispersive uses of this substance, indicates that it may be released into the Canadian environment. 
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SIDS INITIAL ASSESSMENT PROFILE 
 

CAS No. 2943-75-1 

Chemical Name  Triethoxy(octyl)silane 

Structural Formula 

 

 
 

SUMMARY CONCLUSIONS OF THE SIAR 

Triethoxy(octyl)silane undergoes rapid hydrolysis (the half-life of 0.3 to 0.6 hours at a pH of 7 and 25oC), which 
occurs during testing; exposures to triethoxy(octyl)silane are likely to be transient depending on the test system, and 
observed intrinsic toxicity is likely due to a mixture of the parent molecule and the hydrolysis products ethanol and 
octylsilanetriol, and to a lesser degree any polymerization products. Based on the chemical structure of 
triethoxy(octyl)silane, the hydrolysis products, ethanol (CAS No. 64-17-5) and octylsilanetriol (CAS No. 31176-12-2)  
are expected, at a ratio of 3 moles ethanol to 1 mole octylsilanetriol. The water solubility of the octylsilanetriol cannot 
be measured because of the tendency to self-condense into highly cross-linked, high molecular weight polymers at 
concentrations greater than approximately 500 mg/L. It is known, however, that the octylsilanetriol and small 
condensation products will only precipitate out of water due to formation of larger, water insoluble polymeric resins. 
Data from the hydrolysis product ethanol have been presented and agreed upon at SIAM 19 (documents are available 
at http://www.inchem.org/documents/sids/sids/64175.pdf). 

Physical-Chemical Properties 

The EPISuite program (v 4.0) developed by the U.S. Environmental Protection Agency and Syracuse Research 
Corporation has been used for estimating some environmental fate parameters.  This model has not been validated for 
chemicals that contain silanes in their molecular structure (although some measured data are included in the training 
data set); therefore, there is uncertainty associated with the calculated values and they should be used with caution 
whenever they are reported.  

Triethoxy(octyl)silane is a clear, colorless liquid with a melting point of -46 °C, a boiling point of 257 °C at 1020 hPa 
and a measured vapour pressure of 0.63 hPa at 25 °C. The octanol-water partition coefficient (log Kow) is >3.7 
(measured) at 23 °C. Water solubility is < 0.13 mg/L at 22.8 °C (measured). The water solubility and log Kow values 
may not be accurate because the chemical is hydrolytically unstable.  

Human Health 

No toxicokinetics data are available on the parent substance; however, rapid hydrolysis of triethoxy(octyl)silane is 
expected to produce 3 moles of ethanol for each mole of octylsilanetriol.  The toxicokinetics data for octylsilanetriol 
are not available. Following any route of intake resulting in an elevated blood ethanol level, metabolism proceeds in 
three basic steps: ethanol is oxidized within the cytosol of hepatocytes to acetaldehyde, which is rapidly converted to 
acetate, which is released into the blood and oxidized by peripheral tissues to acetic acid and ultimately carbon 
dioxide, and water. The main pathway for ethanol metabolism proceeds via alcohol dehydrogenase. The rate of 
hepatic metabolism of ethanol is concentration independent except at very low or very high concentrations. The 
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kidneys and lungs excrete only 5 – 10 % of an absorbed dose of ethanol unchanged. The major route of excretion of 
ethanol is in the urine. Ethanol is excreted in the un-metabolized form in urine, exhaled air and sweat. Its metabolic 
products are also excreted by exhalation and in the urine. 

The 4-hr inhalation LC50 value was greater than approximately 0.248 mg/L (the saturated vapor concentration) for 
vapor for male and female rats (similar to OECD TG 403). The substance caused hyperactivity in a single animal; 
there were no other clinical signs of toxicity. The dermal LD50 values were 6730 mg/kg bw for male and > 8000 
mg/kg bw for female rabbits (similar to OECD TG 402). The substance caused irritation and necrosis at the site of 
contact, central nervous system (CNS) effects (limb paresis or paralysis) as the predominant clinical sign of toxicity, 
labored breathing, iritis, and weight loss with some emaciation.  Findings at necropsy showed dark or bright red lungs 
and enlarged spleen. The oral LD50 values were 12,200 mg/kg bw for male and 11,500 mg/kg bw for female rats 
(11,800 mg/kg bw for combined sexes) (similar to OECD TG 401).  The substance caused CNS effects as the 
predominant clinical sign of toxicity (sluggishness, aggressive behaviour, and unsteady gait with limb paresis or 
paralysis). Microscopic examination suggested effects on the renal system (nephritis, hydronephrosis, tubular dilation, 
renal mineralization, and hemorrhages of the urinary bladder). In a second study, the oral LD50 value was > 5110 
mg/kg bw for male and female rats (OECD TG 401). The substance caused CNS effects (uncoordination, stilted gait, 
labored breathing, sunken sides and vocalization on handling) as the predominant clinical sign of toxicity; there were 
no gross necropsy findings in surviving animals.  The gastro-intestinal tract was severely autolytic in the single female 
that died on day 7.   

Triethoxy(octyl)silane was moderately irritating to the skin (test similar to OECD TG 404).  Moderate erythema and 
moderate edema were observed in a skin irritation assay performed in rabbits.  The effects were reversible by day 7.  
In a second study, triethoxy(octyl)silane was highly irritating to the skin (OECD TG 404).  Moderate erythema and 
moderate-to-severe edema were observed in a skin irritation assay performed in rabbits.  All skin effects were 
reversible by day 10.  Triethoxy(octyl)silane was slightly irritating to eyes (similar to OECD TG 405).  Transient iritis 
and minor-to-moderate conjunctival irritation with ocular discharge were observed in an eye irritation assay 
performed in rabbits.  All effects were reversible by day 7.  In a second study, triethoxy(octyl)silane was slightly 
irritating to eyes (OECD TG 405).  Diffuse redness and slight swelling of the conjunctivae were observed in an eye 
irritation assay performed in rabbits.  All effects were reversible by 48 hours. 

No experimental data were available for skin sensitization in animals.  

In a combined repeated-dose/reproductive/developmental toxicity screening test (OECD TG 422) 
triethoxy(octyl)silane was administered in dried (excess moisture content removed intentionally),  deacidified peanut 
oil daily, seven days a week by oral gavage to 10 Sprague-Dawley rats/sex/group at 0, 100, 300 or 1000 mg/kg 
bw/day for 28 (males) or 29 (toxicity group females) days. Reproductive group females (10/group) were treated with 
the same dose levels for up to 45 days (prior to mating through post-partum day 4).  Clinical signs included soiling of 
the head in 300 and 1000 mg/kg bw/day male and toxicity group females and 1000 mg/kg bw/day reproductive group 
females. Clinical observations consistent with neuromuscular toxicity (decreased activity, dragging of the hindlimbs 
and/or incoordinated gait) occurred only in the 1000 mg/kg bw/day reproductive group females, but were not 
observed in the males or toxicity group females.  However, no changes were noted during Functional Observational 
Battery and Motor Activity evaluations in males and toxicity group females.  Treatment-related decreases in group 
mean body weights and/or body weights gains occurred in all animals at 1000 mg/kg bw/day with associated 
decreases in food consumption (females). There was an increase in mean absolute and relative liver weights in males 
(relative: 11.7% and 17.3%) and toxicity group females (relative: 4.7% and 27.8%) at 1000 mg/kg bw/day. 
Histopathological findings were identified in the liver (dose-related centrilobular hypertrophy at 300 and 1000 mg/kg 
bw/day in toxicity and reproductive groups; not considered adverse as these changes are consistent with common 
adaptive changes that occur in the liver upon xenobiotic administration), bladder (diffuse epithelial hyperplasia in all 
animals at 1000 mg/kg bw/day) and kidneys, adrenal, thymus, spleen and brain, spinal cord, peripheral nerves and 
skeletal muscles (1000 mg/kg bw/day). CNS degeneration of white matter, predominantly the cerebellum and 
medulla, occurred in a large percentage of the toxicity and reproductive group females.  In the brain, 40% and 80% of 
the 1000 mg/kg bw/day toxicity and reproductive group females exhibited white matter degeneration, respectively.  
Degeneration of the spinal cord occurred in 50% and 90% of the 1000 mg/kg bw/day toxicity and reproductive group 
females, respectively. The peripheral nerves (sciatic and tibial) also showed minimal to severe degeneration and 
demyelination in both 1000 mg/kg bw/day toxicity and reproductive group females, with less incidence and severity 
occurring in the toxicity group females. Based on the bladder epithelial hyperplasia in males and the neuromuscular 
findings in the toxicity and reproductive group females at 1000 mg/kg bw/day, the NOAEL for systemic toxicity was 
300 mg/kg bw/day. In another study (similar to OECD TG 407), dietary administration of triethoxy(octyl)silane for 28 
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days to male and female Fisher 344 rats did not result in any treatment-related clinical signs or changes in food 
consumption, body and organ weights, hematology and clinical chemistry evaluations, or gross pathology and 
histopathology evaluations which were considered to reflect an adverse effect of the diet. The NOAELs were 
determined to be greater than 592.2 and 639.6 mg/kg bw/day (10,000 ppm) for male and female rats, respectively, the 
highest dose tested. 

Triethoxy(octyl)silane did not induce gene mutations in bacterial cells (Salmonella typhimurium TA98, TA100, 
TA1535 and TA1537, and Escherichia coli WP2uvrA) in vitro (OECD TG 471 or similar to OECD TG 471) in two 
separate studies or induce chromosomal aberrations in Chinese hamster ovary cells (similar to OECD TG 473).  Based 
on these results, triethoxy(octyl)silane is not considered to be genotoxic in vitro. 

No data are available for the carcinogenicity of triethoxy(octyl)silane.  

In the combined repeated-dose/reproductive/developmental toxicity screening test (OECD TG 422) mentioned above, 
triethoxy(octyl)silane was administered in dried, deacidified peanut oil daily, seven days a week by oral gavage to 10 
rats/sex/group at 0, 100, 300 or 1000 mg/kg/day for 28 days in males and up to 45 consecutive days in females. 
Reproductive parameters evaluated included evidence of mating, pregnancy, duration of gestation, mean number of 
implantation sites, mean number of corpora lutea, mean mating and fertility indices and evaluation of loss of offspring 
(pre-implantation and post-natal loss). Changes in reproductive parameters were limited to the 1000 mg/kg bw/day 
group.  Mating and fertility were unaffected by treatment. The mean duration of gestation was increased (5.6%) 
compared to controls (p<0.01).  Of the seven dams that successfully initiated parturition, four of these dams exhibited 
dystocia (difficult/prolonged labor).  Developmental parameters evaluated included total litter size, mean litter size, 
mean live litter size, mean litter weight, mean ratio of live births/litter size, sex ratio, pup viability, pup body weight 
and body weight gain. Changes in developmental parameters were limited to the 1000 mg/kg bw/day group.  The 
mean number of live male and female pups/dam at first litter check (PND 0) in the 1000 mg/kg bw/day group was 
statistically decreased by 39.3% compared to controls.  PND 0 mean litter weights, average pup body weights and 
body weight gains were similar to controls.  By PND 4, several dams in the 1000 mg/kg bw/day group had been 
euthanized due to the severity of various clinical signs and/or difficulty during labor.  Only four dams continued 
through PND 4.  Of these litters, the total viable pups on PND 4 were decreased compared to controls, resulting in a 
25.2% decrease in percent viability of pups/dam on PND 4 compared to controls.  This significant decrease was due to 
a single dam that had a 14.3% post-natal loss of offspring.  The remaining dams had no post-natal loss of pups 
between Days 0-4.  PND 4 mean litter weights, average pup body weights and body weight gains in the 1000 mg/kg 
bw/day group were also decreased compared to control weights.  External gross lesions were not observed for treated 
dams or pups.  The reproductive effects only occurred at the 1000 mg/kg bw/day dose level in association with 
marked maternal toxicity.  As such it is not possible to determine with confidence if the 1000 mg/kg bw/day dose 
level represents the NOAEL.  Therefore, the reproductive toxicity NOAEL is considered to be > 300 mg/kg bw/day. 
The developmental effects only occurred at the 1000 mg/kg bw/day dose level in association with marked maternal 
toxicity.  As such it is not possible to determine with confidence if the 1000 mg/kg bw/day dose level represents the 
NOAEL.  Therefore, the developmental toxicity NOAEL is considered to be > 300 mg/kg bw/day.    

Triethoxy(octyl)silane may present hazard for human health (skin irritation; repeated-dose toxicity-urinary 
tract; neuromuscular system-at high doses). Adequate screening-level data are available to characterize the 
human health hazard for the purposes of the OECD HPV Chemicals Programme.   

Environment 

The measured hydrolysis half-life for triethoxy(octyl)silane is 0.3-0.6 hours at 25 °C and pH 7. In the atmosphere, 
indirect photo-oxidation by reaction with hydroxyl radicals is predicted to occur with a half-life of 4.5 hours with an 
overall OH rate constant of 2.8 x 10-11 cm3/molecule-sec. Triethoxy(octyl)silane is considered not readily 
biodegradable (5-6%, 28 d) following OECD TGs 301 B, 301 C and 301 D for ready biodegradability; based on the 
rapid hydrolysis of this material any potential for biodegradation is likely to be due to the hydrolysis product ethanol. 
The other hydrolysis products, octylsilanetriols and condensed octylsilanetriols are expected to be not readily 
biodegradable. 

A level III fugacity model calculation with equal and continuous release to air, water and soil compartments suggests 
that triethoxy(octyl)silane will distribute mainly to the sediment (69.8%) and water (19.9%) compartments with minor 
distribution to the soil and air compartments (7.2 and 3%, respectively). However, triethoxy(octyl)silane is unlikely to 
be found in the environment, as this material is hydrolytically unstable. Henry’s Law constant of 1.49 x 102 Pa-
m3/mole (1.47 x 10-3 atm-m3/mole) suggests that volatilization from the water phase for triethoxy(octyl)silane is 
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expected to be high.  

A dynamic 70-day study (OECD TG 305C) was conducted to evaluate the bioconcentration of 14C-test substance by 
the common carp. A flow-through system was used to maintain a mean measured water concentration of 0.166 mg/L 
(high) or 0.0141 mg/L (low) for a 56-day exposure period.  Test fish were then placed in clean water for a 14-day 
depuration period.  Radioanalysis of the fish was performed throughout the exposure and depuration periods.  BCFs in 
this study were estimated to be 1670 for the high treatment level and 1980 for the low treatment level with a 
geometric mean average of 1818. While the fish in this test significantly accumulated the test material from water, the 
majority of 14C-test substance was cleared (depuration) within 14 days when the fish were placed in uncontaminated 
water. Results are based on total radioactivity (the test substance was radiolabelled on the octyl chain). The results 
represent the bioaccumulation of the parent compound and its hydrolysis/degradation products.  Ethanol is not likely 
to bioaccumulate (calculated BCF=3.16). 

Triethoxy(octyl)silane reacts to form ethanol and octylsilanetriol through hydrolysis. Furthermore, due to these 
properties, current estimation models are not capable of calculating physicochemical or environmental fate values 
with a known degree of accuracy. No information on the environmental fate of octylsilanetriol was found. However, 
based on studies on related monomeric silanols, it is expected that the adsorption of octylsilanetriol onto surfaces and 
condensation to disiloxanes in dilute aqueous solution may be important properties of this chemical. Octylsilanetriol is 
expected to partition primarily to soil and water due to its high water solubility and potential to bind to mineral 
surfaces. In water and air, octylsilanetriol may degrade photolytically. Slow biodegradation in water and soil might 
also occur. 

Due to the rapid hydrolysis of triethoxy(octyl)silane in ecotoxicity studies, aquatic organisms are likely exposed to the 
parent and its hydrolysis products, ethanol, octylsilanetriol, and condensed octylsilanetriol materials.  No toxicity data 
specifically relating to the silanol hydrolysis products are available. 

The following acute toxicity test results have been determined for aquatic species: 

Fish [Oncorhynchus mykiss]: 96 h LC50 > 0.055 mg/L (OECD TG 203; flow-through; measured; tested at the 
water solubility limit) 
Invertebrate [Daphnia magna]: 48 h EC50 >  0.049 mg/L  (OECD TG 202; flow-through; measured; tested at 
the water solubility limit) 
Algae [Pseudokirchneriella subcapitata]: 72-hour EyC50 , ErC50 , EbC50 > 0.13 mg/L (OECD TG 201; 

nominal; tested at the water solubility limit) 
Algae [Pseudokirchneriella subcapitata]    NOEC = 0.13  mg/L (nominal; tested at the water solubility limit) 

Triethoxy(octyl)silane does not present an acute hazard for the environment based on its low hazard profile at 
the limit of water solubility. However, this chemical is not readily biodegradable. The parent chemical and/or 
some of its hydrolysis products have a moderate bioaccumulation potential.  Adequate screening-level data are 
available to characterize the environmental hazard for the purposes of the OECD HPV Chemicals 
Programme.   

Exposure 

Triethoxy(octyl)silane was produced and/or imported in the United States at a volume between 454 and < 4,540 
tonnes (1 million and < 10 million pounds) during 2005. This material is also imported into Europe (91 to 272 
tonnes). The substance is used as a hydrophobation agent (building protection), manufacturing intermediate, water 
repellent, and pigment treatment.  Percent use in final product <5 - 100% with no parent substance remaining after 
end use.  

During manufacturing, occupational exposure through dermal and inhalation routes is possible, although worker 
exposures due to non-accidental releases are expected to be low, and are expected to occur only during transfer and 
sampling. These exposures are minimized by use of personal protective equipment (PPE) and engineering controls. 
PPE includes hard hat, glasses, chemical and fire resistant clothes, safety shoes, chemical resistant gloves, and 
respirator. Use of engineering controls includes pressure and temperature controls; location ventilation; closed 
sample loops, kettle house ventilation and local vent drops. The industrial consumer may use the substance in open 
applications to walls (building water-proofing) and closed systems with proper materials of construction. Engineering 
controls include ventilation systems, automatic feed systems with interlocks, grounded equipment, and splash guards 
at appropriate locations. 
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There are no consumer uses of the substance. 

There are no intentional releases to the environment. The reactive nature of this material destroys the parent material 
in water, thus limiting environmental exposure to triethoxy(octyl)silane.   
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SIDS INITIAL ASSESSMENT PROFILE 

CAS No. 2996-92-1 

Chemical Name  Trimethoxyphenylsilane 

Structural Formula 

 

 

SUMMARY CONCLUSIONS OF THE SIAR 

Physical-Chemical Properties 

Reduced Testing Rationale   

Trimethoxyphenylsilane (TMPS) undergoes rapid hydrolysis in the presence of water; the half life at pH 7 and 

25°C is 24 minutes (RCC, 2008a).  Based on the chemical structure of TMPS, this hydrolysis is expected to 

produce 3 moles of methanol (CAS No. 67-56-1) for each mole of phenylsilanetriol (CAS No. 3047-74-3).  

Methanol was previously assessed in the OECD HPV Chemicals Programme. Because TMPS is hydrolytically 

unstable, water solubility and partition coefficient were not measured; modeled values are provided.  Due to the 

rapid hydrolysis of TMPS in aqueous solutions, aquatic organisms are likely exposed to the parent and its 

hydrolysis products, methanol, phenylsilanetriol, and condensed silanetriol materials.   

The EPI Suite program (v 4.0) developed by the U.S. Environmental Protection Agency and Syracuse Research 

Corporation has not been validated for chemicals that contain silanes in their molecular structure (although some 

measured data are included in the training data set); therefore, there is uncertainty associated with the calculated 

values and they should be used with caution whenever they are reported.  

Trimethoxyphenylsilane (TMPS) is a liquid with a melting point of <-20.2 °C, a boiling point of 225.9 °C at 

1021.4 hPa  and a measured vapour pressure of 0.182 hPa at 25 °C. The calculated octanol-water partition 

coefficient (log Kow) is 0.55, and the calculated water solubility is 69,000 mg/L at 25 °C. The water solubility and 

log Kow values may not be accurate because the chemical is hydrolytically unstable.  

Human Health 

No toxicokinetics data are available on the parent substance; however, rapid hydrolysis of this material is expected 

to produce 3 moles of methanol for each mole of phenylsilanetriol.  Based on reported toxicity following repeated 

oral exposure (gavage), TMPS is systemically absorbed and then distributed to and excreted at least in part, from 

the urinary tract. The toxicokinetics of phenylsilanetriol are not available. Data from the hydrolysis product 

methanol have been presented and agreed upon at SIAM 19 (sponsored by the United States; documents are 
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available at http://www.oecd.org/document/63/0,3343,en_2649_34379_1897983_1_1_1_1,00.html). 

Methanol is readily absorbed by inhalation, ingestion and dermal contact and distributes rapidly throughout the 

body.  Metabolism in humans, rodents, and monkeys contributes up to 98 percent of the clearance, with more than 

90 percent of the administered dose exhaled as carbon dioxide.  Renal and pulmonary excretion contributes only 

about 2 – 3 percent.  The metabolism and toxicokinetics of methanol varies by species and dose.  In humans, the 

half-life is approximately 2.5 – 3 hours at doses lower than 100 mg/kg bw.  At higher doses, the half life can be 24 

hours or more. 

There are no reliable data for acute toxicity via either the inhalation or dermal routes.  In an acute toxicity study 

conducted according to OECD TG 425, a total of 7 female rats were administered TMPS by oral gavage including 

4 animals at 2000  and 3 animals at 550 mg/kg bw in polyethylene glycol 300.  When the single animal dosed at 

2000 mg/kg bw in a limit-test died spontaneously on study day 2, a main test with 6 animals was conducted.  In the 

main test, all three animals dosed at 2000 mg/kg bw had to be killed in extremis on study days 4, 5 or 6 and all 

animals dosed at 550 mg/kg bw survived.  Animals at 2000 mg/kg bw appeared unhealthy; effects on respiration, 

coordination and body weight loss were noted. Slight ruffled fur and slight sedation were observed in two of three 

animals dosed at 550 mg/kg; no clinical signs were observed in the third animal dosed at 550 mg/kg bw. There was 

no effect on body weight at 550 mg/kg bw. Three animals dosed at 2000 mg/kg bw showed a greater than 20% loss 

of body weight prior to being killed in extremis; no body weight was recorded at the spontaneous death of the first 

animal dosed at 2000 mg/kg bw that was found dead on test day 2. Macroscopic findings at 2000 mg/kg bw 

included light red congested lungs, black brown stomach distended with gas, tan discoloration of kidneys, and 

spleen reduced in size; there were no macroscopic findings at 550 mg/kg bw. The estimated LD50 was 1049 mg/kg 

bw.    

No experimental data are available for irritation or skin sensitization in animals.  

In a combined repeated-dose/reproductive/developmental toxicity screening test [OECD TG 422], TMPS was 

administered to four groups of 10 rats/sex/dose level by gavage daily at 0 (dried and deacidified corn oil), 100, 250 

and 500 mg/kg bw/day. Males were exposed for 28 days (including 14 days prior to pairing) and females were 

exposed for 14 days prior to pairing, through the pairing and gestation periods until the F1 generation reached day 

4 postpartum. Administration of TMPS at 500 mg/kg bw/day caused a reduction of food consumption in males 

during the first week of treatment and in females during the pre-pairing period up to day 14 of the gestation period. 

Reduced body weight was noted in males throughout the study and in females throughout the gestation period. 

Kidney weight was increased in males and thickened urinary bladder in males and females was seen at this dose. 

An increase of concentration of urea, bile acids and cholesterol was also noted in males at 500 mg/kg bw/day. 

Multifocal tubular degeneration/regeneration and transitional cell hyperplasia of kidney were noted in males and 

females. At 250 mg/kg bw/day, an increase in the urea and bile acid concentrations was observed. Multifocal 

tubular degeneration/regeneration and transitional cell hyperplasia of kidney were noted in males and females at 

this dose. The urinary bladder was observed to be thickened in males and females at all dose levels. This finding 

correlated with the histopathology examination showing perivascular lymphoid cell infiltration and transitional cell 

hyperplasia of the urinary bladder.  Based on the findings in urinary bladder, a NOAEL (No Observed Adverse 

Effect Level) for systemic toxicity of TMPS could not be established. The LOAEL was 100 mg/kg bw/day. In a 4-

week whole-body vapour inhalation (7 hr/day, 5 days/week) study conducted similar to OECD TG 412, there were 

no adverse treatment-related effects noted at any of the vapour concentrations administered. The NOAEC was 

determined to be 649 mg/m
3
 (highest concentration tested). 

TMPS did not induce gene mutations in bacterial cells (Salmonella typhimurium TA-1535, TA-1537, TA-98 and 

TA-100 and Escherichia coli WP2 uvrA), but did induce chromosomal aberrations in Chinese hamster V79 cells in 

vitro [OECD TG 473]. Based on these results, TMPS is considered to be genotoxic in vitro. 

No data are available for the carcinogenicity of TMPS.  

In the combined repeated-dose/reproductive/developmental toxicity screening test [OECD TG 422] with TMPS, 

the NOAEL for reproductive/developmental toxicity was 500 mg/kg bw/day (highest dose tested). The LOAEL for 

maternal toxicity was 100 mg/kg bw/day. Overall, TMPS did not show evidence of reproductive/developmental 

toxicity.  

TMPS may present hazard for human health (repeated–dose toxicity; genotoxicity).  Adequate screening-level data 

http://www.oecd.org/document/63/0,3343,en_2649_34379_1897983_1_1_1_1,00.html
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are available to characterize the human health hazard for the purposes of the OECD HPV Chemicals Programme.   

Environment 

Testing for water solubility, partition coefficient and biodegradation was not conducted because TMPS undergoes 

rapid hydrolysis in the presence of water with a measured hydrolysis half life of 24 minutes at pH 7 and 25°C. 

In the atmosphere, indirect photo-oxidation by reaction with hydroxyl radicals is predicted to occur with a half-life 

of 2.4 days with an overall OH rate constant of 4.4 x 10
-12

 cm
3
/molecule-sec. The biodegradation of TMPS has not 

been determined due to its rapid hydrolysis.  Based on the rapid hydrolysis of this material, any potential for 

biodegradation is likely to be of the hydrolysis products.  Consequently, the only substances remaining in the test 

system will be methanol and phenylsilanetriol. Methanol is readily biodegradable based on the results of standard 

tests that show 76 – 82 % and 95 % removal in standard ready tests after 5 and 20 days, respectively. However, 

phenylsilanetriols and its condensed silanol oligomers are expected to be not readily biodegradable.      

A level III fugacity model calculation with equal and continuous distributions to air, water and soil compartments 

suggests that TMPS will distribute mainly to the soil (69.7%) and water (22.3%) compartments with minor 

distribution to the sediment and air compartments (5 and  2.9%, respectively). However, TMPS is unlikely to be 

found in the environment, as this material is hydrolytically unstable. A calculated Henry’s Law constant of 5.41x 

10
-1

 Pa-m3/mole (5.34 x 10
-6

 atm-m3/mole) suggests that volatilization from the water phase for TMPS is not 

expected to be high. 

Bioaccumulation is not anticipated since the parent substance, tmps, is hydrolytically unstable. The estimated bcf 

for the hydrolysis product phenylsilanetriol is low (3.16). However, as the model is not validated for substances 

containing silane in their structure a final conclusion on bioaccumulation of phenylsilanetriol cannot be drawn with 

accuracy. Experimental bcfs of < 10 in fish species, including cyprinus carpio and leuciscus idus, have been 

measured for methanol. 

TMPS reacts to form methanol and phenylsilanetriol through hydrolysis. The bioaccumulation potential for 

phenylsilanetriol cannot be predicted accurately, but is expected to be low (calculated BCF= 3.16). Methanol is not 

likely to bioaccumulate (measured BCF<10). Furthermore, due to these properties, current estimation models are 

not capable of calculating physicochemical or environmental fate values with a known degree of accuracy. No 

information on the environmental fate of phenylsilanetriol was found. However, based on studies on related 

monomeric silanols, it is expected that the adsorption of phenylsilanetriol onto surfaces and condensation to 

disiloxanes in dilute aqueous solution may be important properties of this chemical. Phenylsilanetriol is expected 

to partition primarily to soil and water due to its high water solubility. In water and air, phenylsilanetriol may 

degrade photolytically. Slow biodegradation in water and soil might also occur. 

Due to the rapid hydrolysis of TMPS, aquatic organisms are likely exposed to the parent and its hydrolysis 

products, methanol, silanetriol, and condensed silanetriol materials. No toxicity data specifically relating to the 

silanol hydrolysis products are available. 

The following acute toxicity test results have been determined for aquatic species: 

Fish [Oncorhynchus mykiss]  96-h LC50 > 0.074 mg/L (OECD TG 203, flow-through)* 

Invertebrate [Daphnia magna]  48-h EC50 > 0.0029 mg/L  (OECD TG 202, flow-through)* 

Algae [Pseudokirchneriella subcapitata]  72-h EyC50, ErC50, EbC50 > 0.2 mg/L (OECD TG 201, nominal) 

Algae [Pseudokirchneriella subcapitata]  NOEC >= 0.2  mg/L (OECD TG 201, nominal) 

*The functional water solubility of TMPS (in the test media) was observed to be 0.2 mg/L (nominal).   

Testing was done using limit of solubility 0.2 mg/L (nominal); measured concentrations are reported.  

TMPS does not present an acute hazard for the environment based on its low hazard profile at the limit of water 
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solubility. This substance is expected to be not readily biodegradable.  Adequate screening-level data are available 

to characterize the environmental hazard for the purposes of the OECD HPV Chemicals Programme.   

Exposure 

In the Sponsor Country, production volume in 2005 was ca. 454 – 2268 tonnes in the United States of America. 

This material is also produced in Japan (45 tonnes in 2005). TMPS is used in automotive, water repellant, paint 

additive, chemical intermediate, primer and adhesion promotion, silicone elastomer catalyst production 

(polycondensation system), and as an intermediate for silicone polymers/oligomers. Percent use in final product <5 

- 100%, with no parent substance remaining after end use.  

The substance is manufactured in closed systems. Only during sampling or product transferring, the open system 

conditions are encountered; however; these operations are conducted in the presence of inert systems (nitrogen) 

which reduce safety concerns.  Use of engineering controls includes grounding, local exhaust ventilation, and 

closed sampling loops.   Personal protective equipment (PPE) includes gloves, safety glasses, respirator, fire 

resistant clothing, safety shoes, and hard hat.  No exposure is anticipated under routine operations.  Potential routes 

of exposure during routine operations include dermal and inhalation.  

The substance is used as a crosslinker for two-part mold making applications by industrial consumers. The 

substance is handled in both closed and open systems (only during sampling/transferring). Engineering controls 

include grounding and ventilation.  PPE includes gloves, safety glasses, and a respirator if the Threshold Limit 

Value is expected to be exceeded during sampling or product transferring. When standard operating procedures are 

followed, exposures are not anticipated. In the event of a non-routine work event, exposures are possible via the 

oral, dermal and inhalation route. 

The substance is used in consumer adhesives at less than 1%. Dermal is a potential route of exposure. 

There are no intentional releases to the environment. The reactive nature of this material destroys the parent 

material in water, thus limiting environmental exposure to TMPS.   
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SIDS INITIAL ASSESSMENT PROFILE 

 

CAS No. 3380-34-5 

Chemical Name  Triclosan; Phenol, 5 chloro-2-(2,4-dichlorophenoxy)- 

Structural Formula 

 

Cl

Cl Cl
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SUMMARY CONCLUSIONS OF THE SIAR 

Physical-chemical properties 

Triclosan is a white to off-white crystalline powder with a faint aromatic odour, a melting point of 54° to 
57.3°C, decomposition temperature of 280-290ºC, and a measured vapour pressure of 5.33x10-4 Pa at 20°C. 
The measured octanol-water partition coefficient (log Kow) is 4.76, and the water solubility is 10 mg/L at 20°C 
with a pKa of 8.1. Koc values estimated from the log Kow are 8417-9740 L/kg. 

Human Health 

In humans, triclosan is well absorbed from the gastrointestinal tract with peak plasma concentrations occurring 
after 1.6–5 hours and absorption ranging between 57-91%. Dermal absorption in humans from products 
containing triclosan varies between 3-14%, depending on the formulation. The observation of clinical signs of 
toxicity in repeat dose inhalation toxicity studies in rats (2 hours/day for 21 days, nose-only, doses up to 1.3 
mg/L) indicates that absorption can occur via the inhalation route. Bioavailability of triclosan is likely to be 
substantially greater by inhalation compared to oral or dermal routes due to the absence of first pass 
metabolism. Triclosan is widely distributed to organs and tissues with the highest levels generally seen in well-
perfused and excretory organs such as the liver, lung, kidney, gastrointestinal tract and gall bladder. Triclosan 
is rapidly removed from the blood, and extensive first pass metabolism occurs following oral or dermal 
administration. The half life elimination from plasma in human adults following oral administration ranged 
between 15-29 hours. Following dermal exposure, the half life elimination from plasma ranged between 34-
374 hours. Enterohepatic circulation has been demonstrated clearly in rats in dedicated studies, while 
comparatively limited evidence (eg. residual gastrointestinal radioactivity) is available for mice and hamsters. 
The major metabolic pathways in humans and animals involve glucuronide and sulphate conjugation, and 
metabolism to these conjugates has also been observed in the skin. Evidence of phase-1 metabolism found in 
rodent studies has not been reported in humans. In humans, excretion is relatively rapid; the major route of 
excretion being via urine (up to 87%), while excretion via faeces, the major route in rodents, is of secondary 
importance. Based on this, enterohepatic circulation appears to be a minor route of elimination compared to 
rodents. Triclosan has been detected in human breast milk samples indicating potential excretion in breast 
milk. The human oral and dermal data provide no evidence of a bioaccumulation potential.  

Triclosan has low acute oral and dermal toxicity but considerable inhalation toxicity. The triclosan oral LD50 
was greater than 5000 mg/kg bw in rats (males and females combined). An acute dermal toxicity study with a 
slurry of triclosan in propylene glycol reported the LD50 to be equal to or greater than 9300 mg/kg bw in 
rabbits. The only acute (4 hour) inhalation toxicity study available in rats indicated an LC50 greater than 0.15 
mg/L (the highest dose tested). Acute inhalation toxicity was also determined from a repeat dose inhalation 
toxicity study in rats in which more than 50% of the rats died after the initial single 2-h exposure to 10% 
ethanol aerosol containing 1300 mg triclosan/m3 air, indicating an LC50 less than 1.3 mg/L. At necropsy, acute 
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purulent inflammation with focal ulceration of mucous membranes in the nasal cavity and trachea was seen 
along with haemorrhage and severe acute congestion and oedema in the lung of dead rats.  

Triclosan is a moderate skin irritant in rabbits; erythema and oedema were observed in a skin irritation assay 
performed in rabbits with both intact and abraded skin. Responses were comparable or slightly more severe 
with abraded skin. Human patch test results with various formulations of triclosan also indicate the chemical to 
be a skin irritant. No significant phototoxicity was observed in human or animal studies. Triclosan is 
considered to be an eye irritant in rabbits; erythema and oedema of the conjunctiva and reversible corneal 
effects (severe on day 1) were observed in an eye irritation assay performed in rabbits; however, the 
experimental data available do not provide conclusive evidence to show that the chemical causes severe or 
irreversible eye damage. Triclosan is considered to be a respiratory tract irritant. Inflammation of the nasal 
cavity and trachea were observed at necropsy in animals that died in a repeat dose inhalation toxicity study 
performed in rats.  

Skin sensitisation studies conducted with triclosan formulations in well conducted guinea pig studies were all 
negative. Human volunteer studies conducted with formulations up to 25% triclosan did not show skin 
sensitisation potential; however, up to about 0.3% of patients with dermatitis or eczema have shown positive 
skin reactions to triclosan.  

The repeated dose toxicity of triclosan has been investigated in several animal studies; no reliable human data 
were available. In a 13-week oral study in mice, a LOAEL of 25 mg/kg bw/day was identified based on effects 
on haematology parameters, relative liver weights and total cholesterol. No NOAEL was identified. The 
relevance of this study is limited by particular sensitivity in the mouse to peroxisome proliferation, an effect 
not regarded as relevant to humans. In a repeat dose oral toxicity study in rats (OECD TG No. 453), the 
substance was administered via the diet to 60 rats per sex per group at 0, 12, 40, or 127 mg/kg bw/day in males 
and 0, 17, 56, or 190 mg/kg bw/day in females for 2 years, in addition 10 rats per sex per group received a dose 
equivalent to 247 mg/kg bw/day in males and 422 mg/kg bw/day in females for one year. No significant 
difference in survival was observed between triclosan treated and control animals of either sex. Treatment 
related effects included reduction in body weight gain of males at 247 mg/kg bw/day (10%), and of females at 
190 (6%) and 422 mg/kg bw/day (23%) treated for one year. The reduction in body weight gain observed at 
these higher doses in both males and females suggested that the maximum tolerated dose was reached in this 
study. However, no significant difference in body weight was seen in treated and control animals at the end of 
two years. A statistically significant increase in ovary weights was seen in females at 190 mg/kg bw/day after 2 
years of treatment (75% absolute, 69% relative weight). However, this was not associated with any 
histopathological changes in the ovaries. At 2 years, decreases in absolute spleen weights (approximately 
22.5% irrespective of dose) and relative spleen weights (17, 25 and 28% at 17, 56 and 190 mg/kg bw/day 
respectively) were seen in females, but these showed no dose response, were not accompanied by 
histopathological changes and were not regarded as sufficient evidence of an adverse effect. Histopathological 
changes including hepatocyte hypertrophy and hepatocyte vacuolisation in cells, were only seen in the liver of 
males (at 127 mg/kg bw/day after 13 and 78 weeks and at 247 mg/kg bw/day after 1 year of treatment), 
indicating the liver as the target organ following oral administration of triclosan. Changes in haematology 
and/or biochemical parameters included a decrease in serum aspartic aminotransferase in males at 40 mg/kg 
bw/day and above and an increase in corpuscular haemoglobin concentration in females at 17 mg/kg bw/day 
after 1 year of treatment; however, these changes were not considered adverse. Based on the histopathological 
effects observed in the liver in males at 127 mg/kg bw/day and the trend for reduction in body weight gain 
observed for females at 190 mg/kg bw/day, the NOAEL for repeat dose oral toxicity was determined to be 40 
mg/kg bw/day in males and 56 mg/kg bw/day in females. Studies in other species including mice, hamster and 
baboon also suggest the liver as a target organ. 

In a 90 day repeat dose dermal toxicity study in rats (OECD TG No. 411), triclosan was administered in 
propylene glycol as an occlusive topical application to 10 rats per sex per group at 0, 10, 40 or 80 mg/kg 
bw/day for at least 6 hours per day. The only treatment related effect observed was erythema and/or oedema at 
10 mg/kg bw/day and above, with severity increasing with dose. No mortality or clinical signs of toxicity were 
seen. At necropsy, hyperplasia, hyperkerotosis, inflammation and focal necrosis were seen at the application 
site. With the exception of one animal, dermal findings were observed to return to normal in the recovery 
group. As there were no significant clinical chemistry or haematological or histopathological changes to 
indicate reliable evidence of systemic toxicity, the  NOAEL for repeated dose dermal toxicity was considered 
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to be 80 mg/kg bw/day, the highest dose tested. For local irritant effects, no NOAEL could be identified. 

A number of in vitro and in vivo genotoxicity studies were available. In all the Ames tests with multiple strains 
of Salmonella typhimurium (some conducted according to OECD Guidelines), triclosan gave negative results 
with and without metabolic activation. In all studies, cytotoxicity was reported at high doses and controls 
behaved predictably. A weak positive result was observed in a bacterial reverse mutation assay (Bacillus 
subutilis) (5 mg/disc) with and without metabolic activation. An in vitro chromosomal aberration test with 
Chinese hamster ovary cells exposed to concentrations up to 1 µg/mL was negative with and without metabolic 
activation. However, another chromosomal aberration test with Chinese hamster V79 cells exposed to 3 µg/mL 
produced a significant increase in the incidence of chromosome aberrations in the absence of cytotoxicity with 
and without metabolic activation. Negative results were observed in two unscheduled DNA synthesis assays. 
Gene mutation tests in mouse lymphoma L5178Y cells with and without metabolic activation at concentrations 
of 15 µg/ml and 20 µg/ml did not demonstrate mutagenic potential.  In vivo micronucleus assays in mice, and a 
chromosome aberration test in rats were negative up to the maximum tolerated doses. Although there were 
some positive results in vitro, overall, triclosan is not considered to be genotoxic in vivo. 

The carcinogenic potential of triclosan has been investigated. In an oral study in rats (OECD TG 453), triclosan 
was administered via the diet to 60 rats per sex per dose at 0, 12, 40 or 127 mg/kg bw/day in males and 0, 17, 
56 or 190 mg/kg bw/day in females for 2 years. In addition, 10 rats per sex per group were administered doses 
equivalent to 247 mg/kg bw/day in males and 422 mg/kg bw/day in females. There was no significant 
difference in survival observed between the control and treatment groups. No treatment related tumours were 
observed at any dose in either sex.  

In an oral carcinogenicity study in hamsters (OECD TG 451), triclosan was administered via the diet to 60 
hamsters per sex per dose at 0, 12.25, 75 or 250 mg/kg bw/day for 90 to 95 weeks. At the highest dose, 
systemic toxicity was clearly evident in both sexes, and a deterioration in the clinical condition and increase in 
mortality were observed in males after week 80, suggesting that the maximum tolerated dose was exceeded. No 
treatment related tumours were observed at any dose in either sex. Based on these results, triclosan is 
considered to have no carcinogenic potential.  

The reproductive toxicity of triclosan has been well investigated in a two generation study in rats (OECD TG 
416, with some exceptions). In this study, triclosan was administered via the diet to 25 rats per sex per dose at 
0, 17, 56 or 176 mg/kg bw/day in males and 0, 23, 73 or 229 mg/kg bw/day in females, during a pre-mating 
period of at least 10 weeks and a mating period of up to 3 weeks. Females were also administered the test 
material throughout gestation and lactation. No deaths or clinical signs of toxicity were seen in F0 and F1 
parental animals. In F1 pups, postnatal survival from day 0 to 4 was slightly reduced at the top dose (82% 
survival compared to 90-96% in the other groups). No effect was seen on fertility at any dose tested. There was 
some evidence of systemic toxicity in parental animals with reductions in body weight gain of 10% or greater 
seen in F1 males and females at the top dose of 176 and 229 mg/kg bw day respectively, during the growth and 
development stage. In F2 pups, a slight decrease in postnatal survival from day 0 to 4 and day 4 to 21 and a 
slight decrease in mean body weights (< 10%) were observed at the top dose. No treatment related changes 
were seen in F2 animals maintained up to postnatal day 21 for body weight gain, food consumption or at 
necropsy. The NOAEL for reproductive toxicity was determined to be 176 and 229 mg/kg bw/day and to be 56 
and 73 mg/kg bw/day for systemic toxicity, in males and females, respectively. Based on these results, 
triclosan is not considered to be a reproductive toxicant. 

The developmental toxicity of triclosan has been investigated in rats and rabbits in two gavage studies [OECD 
TG 414 (Teratogenicity) and ICH (Embryo-foetal development, Stage C guidelines, with the exception that the 
placenta was not grossly examined)] at doses of 0, 15, 50 or 150 mg/kg bw/day triclosan (with 1% 
carboxymethylcellulose in a 20% glycerine in water suspension). In the rat study, no effect was seen on the 
number of implantations, resorptions, live foetuses or foetal body weight and no treatment related visceral 
changes or skeletal malformations in foetuses were seen at any of the doses tested up to 150 mg/kg bw/day. 
Compared to controls, slight increased incidences (not statistically significant) in foetuses with one or more 
variations in retarded ossification were seen in triclosan treated groups (91.2%, 92.4%, 92.9% and 95.3% at 0, 
15, 50 and 150 mg/kg bw/day, respectively). Triclosan was not a developmental toxicant in the rat in this 
study. Decreased food consumption, also observed at 150 mg/kg bw/day, may suggest maternal toxicity. No 
treatment related changes in dam body weight were reported at this dose. Based on these effects, the NOAEL 
for maternal toxicity was considered to be 50 mg/kg bw/day and the NOAEL for developmental toxicity was 
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150 mg/kg bw/day.  

 
No evidence of developmental toxicity was observed in rabbits at doses up to 150 mg/kg bw/day. At this 
highest dose, slight but statistically significant decreases in mean body weights (<10%) were seen on gestation 
days 14 and 16 and statistically significant decreases in maternal body weight gain were seen on days 16-19. 
Decreases in food consumption were also observed during the dosing period. No effects were seen in 
pregnancy rates, sex ratios or foetal weights. A slight decrease in the number of implantations and number of 
live foetuses per litter, and a decrease in % resorptions per litter were seen at 150 mg/kg bw/day, but these 
were not statistically significant and within historical control ranges. Increased incidences (per foetus and per 
litter) of additional subclavian arteries were seen that were outside historical control ranges. However, these 
effects were neither dose related nor statistically significant at the highest dose (150 mg/kg bw/day), and 
therefore, not regarded as treatment related. No treatment related skeletal variations were observed. The 
NOAEL for developmental toxicity was considered to be 150 mg/kg bw/day and the NOAEL for maternal 
toxicity 50 mg/kg bw/day. 

In another study in mice, the only treatment related developmental finding of delayed ossification of forelimb 
phalanges at 350 mg/kg bw/day was considered to be a consequence of maternal toxicity. The NOAEL for 
maternal toxicity was 75 mg/kg bw/day. The NOAEL for developmental toxicity was 350 mg/kg bw/day as the 
effect seen was secondary to maternal toxicity. Overall, triclosan is not considered a developmental toxicant. 

Several recent studies of thyroid effects of triclosan have been published. However, the alterations in thyroid 
hormone levels in these animal studies did not lead to physiological changes in the short term. Differences in 
thyroid hormone physiology and regulation exist between rats and humans to the extent that extrapolation 
between rats (a very sensitive model for chemically induced changes in the thyroid hormone axis) and humans 
may not be straight forward. 

Triclosan possesses properties indicating a hazard for human health (acute inhalation toxicity, skin, eye 
and respiratory irritation, liver toxicity). Adequate screening-level data are available to characterize the 
human health hazard for the purposes of the OECD HPV Chemicals Programme.   

 

Environment 

At environmental pH below ~8, the undissociated form of triclosan is expected to be the dominant form. 
Triclosan is hydrolytically stable in water at pH 4, pH 7 and pH 9 at 50°C, and it has an estimated half-life 
longer than 1 year at 25°C in waters of pH 4, 7 and 9. Aqueous photolysis is potentially a significant means of 
dissipation of triclosan in the environment, depending on water pH, as well as latitude and seasonal effects. 
The aqueous photolysis half-life of triclosan in water at pH 7 under irradiated conditions was ~41 minutes with 
a rate constant of 1.68 × 10-2/minute. However, other laboratory experiments showed that triclosan (phenolic or 
molecular form) is relatively photostable, with the deprotonated phenolate (anionic) form of triclosan relatively 
more photodegradable and able to rapidly degrade (orders of magnitude faster) when exposed to sunlight. 
When irradiated by UV light in the solid state or in aqueous solution, some triclosan is converted to the dioxin 
2,8-DCDD. In the atmosphere, indirect photo-oxidation by reaction with hydroxyl radicals is predicted to occur 
with a half-life of 7.96 hours, but little triclosan is expected to partition to the atmosphere and photo-oxidation 
is not expected to be a significant dissipation route.  

Based upon results from tests using the standard method OECD 301B (CO2 Evolution, Modified Sturm Test - 
% degradation over 28 days was 37%, at 10 mg/L and 18% at 20 mg/L) and 301F (manometric respirometry 
test – 52% degradation over 28 days at 10 µg/L), triclosan is not considered readily biodegradable. However, 
these and other studies with activated sludge under aerobic conditions suggest that triclosan may be inherently 
biodegradable, with substantial mineralisation to CO2 occurring. A high degree of mineralisation (>70%) was 
demonstrated in laboratory-scale continuous activated sludge systems. Potentially influencing factors in these 
tests include the concentration (potentially exceeding toxic levels) and extent of habituation of the 
microorganisms present to triclosan. 

Laboratory experiments with European soils at 20ºC (OECD TG 307) showed that triclosan was degraded in 
three aerobic soils with a DT50 of 2.5-3.3 days, but degradation slowed significantly over time, with a DT90 of 
19.1-231 days. In an Australian soil incubated at 22ºC, a half-life of 18 days was observed under aerobic 
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conditions, but triclosan persisted under anaerobic conditions over the 70 day experimental period. In sewage 
sludge-amended American soils under laboratory conditions reported half-lives for triclosan were 17.4-35.2 
days. In a study with two US soils with and without biosolids amendment, triclosan half-lives were 20-58 days. 
Biosolids amendment did not statistically significantly change the degradation rates. Degradation under aerobic 
conditions proceeds primarily via the formation of methyl triclosan, which is slower to degrade. Some 
mineralization of the residues is observed. In aerobic aquatic systems, triclosan dissipates rapidly from the 
water phase by degradation and adsorption to the sediment. In both compartments, it degrades to numerous 
minor metabolites, bound residues and carbon dioxide. In contrast to its degradation in aerobic environments, 
triclosan degrades very slowly and is persistent under anaerobic conditions, for example in soil and sediment. 
Triclosan has been shown to be persistent in sediments from natural waterways from several North American 
and European countries, with occurrences tracking the time course of usage and wastewater treatment 
strategies employed as far back as the 1960s.  

A predicted Henry’s law constant of 5 X 10-9 atm/m3 mole at 25°C suggests that volatilization of triclosan from 
the water phase is not expected to be high. A Koc of 47454 L/kg was estimated in suspended solids obtained 
from deactivated sewage sludge (total organic carbon content 45.5%). Based on the log Kow of 4.76, Koc values 
of 9740 L/kg and 8417 L/kg were estimated  by a QSAR model for predominantly hydrophobic substances and 
KOCWIN (v 2.0) respectively. Values determined in two soils with and without biosolids amendment ranged 
from 11397 to 15892. The adsorption coefficients indicate a high potential for strong adsorption to soils and 
sediments. 

A fugacity model calculation using the EPI Suite© program (EPIWEB 4.0), with the model estimates for KOC 
and degradation rates, and with equal and continuous distributions to air, water and soil compartments suggests 
that triclosan will distribute mainly to the soil (74.2%) and sediment (16.4%) compartments, with a minor 
amount to the water compartment (9.2%) and a negligible amount in the air compartment (0.2%). If released 
equally to the water and soil compartments, triclosan again partitions predominantly to the soil and sediment 
compartments (70.6% and 18.8%, respectively), with a minor amount to the water compartment (10.6%) and 
negligible amount to air (<0.01%). 

Triclosan is expected to bioaccumulate in the aquatic environment based on a measured bioconcentration factor 
of 1000 to >5000, and bioaccumulation is pH dependent (greater accumulation at lower pH.  

The following acute toxicity test results have been determined for aquatic species: 

Fish  
Fathead minnow (Pimephales promelas)       96 h LC50 =260 µg/L (nominal) 
Bluegill sunfish (Lepomis macrochirus)        96 h LC50 = 370 µg/L (nominal) 
Zebra fish (Brachydanio rerio)                      96 h LC50 = 540 µg/L  
Rainbow trout (Oncorhynchus mykiss)          96 h LC50 = 350 µg/L  
Golden orfe (Leuciscus idus)                         96 h LC50 = 560 µg/L  
Medaka (Oryzias latipes)                               96 h LC50 = 602 µg/L (nominal) 

Invertebrates  
Daphnia magna             48 h EC50 = 550 µg/L (nominal)  
Ceriodaphnia dubia      48 h EC50 = ~130 µg/L at pH 6.8-7.0, ~180 µg/L at pH 7.4-7.6, ~240 µg/L at pH 8.0-
8.2, ~420 µg/L at pH 8.5 (measured)  

Algae  
Green algae (Scenedesmus subspicatus)                72 h ErC50 = 2.8 µg/L (measured) 
Green algae (Scenedesmus subspicatus])              72 h EbC50 = 0.7 µg/L (measured) 
Green algae (Pseudokirchneriella subcapitata)    96 h EbC50 = 4.46 µg/L (nominal) 

Cyanobacteria (Anabaena flosaquae)      96 h ErC50 = 1.6 µg/L (measured) 
Cyanobacteria (Anabaena flosaquae)      96 h EbC50 = 0.97 µg/L (measured) 
Diatom (Navicula pelliculosa)                 96 h EbC50 = 19.1 µg/L (nominal) 
Duckweed (Lemna gibba)                        7 d ErC50 >62.5 µg/L (nominal) 

Microorganisms  

Triclosan is an antimicrobial compound to many bacteria, fungi, moulds and yeasts. Some species are resistant 
to triclosan and others are able to use it as a sole carbon source. Effects occur in sensitive micro-organisms at 
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SUMMARY CONCLUSIONS OF THE SIAR 

Analogue Justification 

The sponsored substance, (3-Chloropropyl)triethoxysilane (CPTES) is structurally analogous to (3-

chloropropyl)trimethoxysilane (CPTMO, CAS No. 2530-87-2).  Both CPTES and CPTMO hydrolyze to form 3 

moles of ethanol or methanol, respectively, for each mole of chloropropylsilanetriol. CPTMO has previously been 

assessed in the OECD HPV Programme and the SIDS dossier can be viewed at 

http://www.chem.unep.ch/irptc/sids/OECDSIDS/2530872.pdf. Similar structures, hydrolysis rates and available 

toxicological profiles for acute toxicity, irritation and sensitization support the use of CPTMO data for the genetic, 

repeated-dose and reproductive/developmental toxicity endpoints. The hydrolysis half-lives for CPTES and 

CPTMO at acidic pH (representative of the mammalian gut) are similarly rapid with half-lives of < 24 minutes 

(CPTES; pH 4) and 14.6 minutes (CPTMO; pH 5) at 25
o
C and therefore significant systemic exposure to 

unhydrolyzed (CPTES/CPTMO) parent is unlikely. The analogue approach was not used for ecotoxicity. The 

hydrolysis product, ethanol (CAS No. 64-17-5), has previously been assessed in the OECD HPV Programme and 

the SIDS dossier can be viewed at http://www.chem.unep.ch/irptc/sids/OECDSIDS/64175.pdf.   CPTMO 

represents a worst case as an analogue for CPTES, as methanol is more toxic than ethanol. The contribution of 

three moles of corresponding alcohol (methanol or ethanol) to the toxicity of the parent silane is expected to be 

negligible in rodents. However, the possibility of effects in humans that are not expressed in rats cannot be 

excluded.  Methanol exhibits potential hazardous properties for human health (neurological effects, CNS 

depression, ocular effects, reproductive and developmental effects, and other organ toxicity).  Rapid metabolism 

and excretion is noted depending on the dose. The assessment [of ethanol] is focused on its use as industrial 

chemical. Ethanol possesses properties that indicate a hazard for human health but these are manifest only at doses 

associated with consumption of alcoholic beverages.  

Physical-Chemical Properties 

The EPI Suite program (v 4.0) developed by the U.S. Environmental Protection Agency and Syracuse Research 

Corporation has not been validated for chemicals that contain silanes in their molecular structure (although some 

measured data are included in the training data set); therefore, there is uncertainty associated with the calculated 

values and they should be used with caution whenever they are reported.  

CPTES is a liquid with a measured melting point of less than -20.2 °C, a measured boiling point of 494 °C at 


