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	· Name of industry sponsor /consortium
	

	· Process used
	The SEHSC produced the documents; EPA reviewed and edited the documents.
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Sponsorship History
	

	· How was the chemical or category brought into the SIDS Program?
	Documents were prepared and reviewed by industry prior to submission to sponsor country.  Sponsor country conducted reviews of submitted data and offered comments to industry.  Industry prepared and resubmitted documents for consideration at SIAM 26.  
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	Chemical Name
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	SUMMARY CONCLUSIONS OF THE SIAR

Human Health

No data are available on absorption, distribution, metabolism or excretion. The oral LD50 of D3 in rats is greater than 
15,400 mg/kg bw. Undiluted D3 was not irritating to rabbit’s eyes in a study with one rabbit. Repeated dermal application of undiluted D3 in a single rabbit resulted in minimal skin irritation (slight redness). No experimental data are available for skin sensitization.

Two inhalation exposure studies and one repeated-dose oral toxicity study were conducted with D3. The oral study, although not conducted according to an OECD guideline, was designed to investigate whether D3 increases liver weight similar to other oligomeric cyclosiloxanes. Test article-related increases in liver weights were seen in the male rats as low as 100 mg/kg-bw/day and in female rats at dose levels of 400 mg/kg-bw/day and above. In a combined repeated-dose/reproductive/developmental toxicity study conducted according to OECD TG 422, Sprague-Dawley rats were exposed to D3 vapor via inhalation at 100, 500 or 2500 ppm (approximately 0.61, 4.5 or 22.8 mg/L) for up to 29 days for 6 hrs/day, 7 days/week. Decreased body weight gains and food consumption, increased liver weights and incidence of centrilobular hepatocellular hypertrophy (both sexes), increased kidney weights and decreased seminal vesicle weight (with an increased incidence of atrophy) in males were seen at 2500 ppm (22.8 mg/L). Males showed protein droplet nephropathy with markedly increased incidence at 500 and 2500 ppm (4.5 and 22.8 mg/L). Decreased serum glucose was observed at 500 ppm (4.5 mg/L) and above. Serum cholesterol was increased in females at the highest concentration. The LOAEC was considered to be 0.61 mg/L (100 ppm) (the lowest dose tested) based on kidney findings in males. 

Sprague-Dawley rats (5/sex/dose at 0.084 and 0.945 mg/L; 10/sex/dose at 9.041 mg/L) were exposed to D3 aerosols via nose-only inhalation for 6 hrs/day, 7 days/week for 4 weeks. Mortality was noted in males and females at 9.041 mg/L. Symptoms prior to death were dyspnea, ataxia, reduced reflexes and piloerection. Hemorrhagic encrustation of the nose was seen at 0.945 mg/L and above. Slight inflammatory changes were seen in the nasal cavity at the highest concentration. Microscopically, aggregation of macrophages and perivascular round cell infiltration was seen in the lungs of high exposure animals. These changes are consistent with respiratory tract irritation. Complete recovery for the local effects was not achieved during the 4-week recovery period. The NOAEC for local effects was considered to be 0.084 mg/L. A NOAEC for systemic toxicity was considered to be 0.945 mg/L based on the mortality and clinical signs.

D3 tested negative in bacterial cells (Salmonella typhimurium and Escherichia coli) and yeast (Saccharomyces cerevisiae) and in some mammalian cells in vitro. D3 was slightly cytotoxic in the L5178Y Fischer mouse lymphoma cell line at concentrations of 0.016 and 1 mg/ml in the absence and presence of metabolic activation, respectively. However, D3 gave equivocal or weak positive results in tests for sister chromatid exchange, DNA repair and chromosomal aberrations (L5178Y mouse lymphoma cell line) at a concentration of about 1 mg/ml or higher. D3 tested negative in an in vivo cytogenetic assay in CD® rats. In the rat bone marrow cytogenetic assay, male and female rats were injected D3 intraperitoneally up to 1080 mg/kg-bw. Although it cannot be confirmed that D3 reached the bone marrow in the cytogenetic assay, D3 was tested at a high enough level that further attempts to increase the dose to demonstrate that D3 did reach the bone marrow would have resulted in death of the rat. Appropriate positive and negative controls were included and the expected responses were observed. D3 did not increase the frequency of chromosomal aberrations or chromosomal breaks in bone marrow cells.D3 is not expected to be genotoxic in vitro or in vivo. Carcinogenicity data are not available.

In the combined repeated-dose/reproductive/developmental toxicity screening study described above, D3 vapor caused an adverse effect on fertility following inhalation exposure, with decreased litter size and number of implantation sites at a concentration of 2500 ppm (22.8 mg/L), the highest concentration tested. No external abnormalities were observed in the pups.  Mean litter weight was decreased at 22.8 mg/L. The litter weight decreases at the high dose level are probably due to the reduced litter size and not treatment-related manifestation of developmental toxicity. A NOAEC of 500 ppm (4.5 mg/L) and LOAEC of 2500 ppm (22.8 mg/L) for reproductive/developmental toxicity were determined based on the decreased litter size and implantation sites. The maternal NOAEC and LOAEC were 500 ppm (4.5 mg/L) and 2500 ppm (22.8 mg/L) based on the decrease in body weights.

Environment

The EPISuite program developed by the U.S. Environmental Protection Agency and Syracuse Research Corporation has not been validated for chemicals that contain siloxanes in their molecular structure; therefore, there is uncertainty associated with the calculated values and they should be used with caution whenever they are reported below; the estimated values reported here are assigned a reliability code of 4.

D3 is a solid material at room temperature with a melting point of 64°C, a boiling point of 135.1°C at 1013 hPa, and an extrapolated vapor pressure of 6.71 hPa at 25°C. The water solubility of D3 is 1.6 mg/L at 25°C. The measured log Kow is 3.85 and the modeled EPISuite log Kow is 4.47. Rapid hydrolysis of D3 makes measurement of the D3 water solubility and octanol/water partition coefficient problematic and the values may not be accurate.

D3 is hydrolytically unstable over a range of environmentally relevant pH and temperature conditions. At pH 4, 7, and 9 (25 °C), the half-lives were 2, 23 and 0.4 minutes respectively. D3 initially hydrolyzes to hexamethyltrisiloxanediol followed by final hydrolysis to dimethylsilanediol (DMSD). In the atmosphere, indirect photooxidation by reaction with hydroxyl radicals is predicted to occur with a half life of 21 days. D3 is hydrolytically unstable therefore reaction with water vapor is likely the predominant degradation process for D3 in air. D3 is not readily biodegradable; an OECD TG 310 study resulted in 0.06% biodegradation after 28 days.

Level III fugacity modeling, using loading rates of 1000 kg/h each to air, soil and water shows the following percent distribution: air = 60.5%; soil = 34.5%; water = 4.9%; sediment = 0%.

In a 14-day study using rainbow trout, a BCF value of 100 ± 49 for D3 was calculated based upon parent D3 analysis in water and fish. Some morbidity and one case of mortality were observed among the ten fish. The impact of the diminished health of the fish on the reported BCF is unknown. This study utilized closed (except for an overflow) flow-through test vessels. It is expected that fish were exposed to the hydrolysis products in addition to D3.

Dimethylsilanediol is the final hydrolysis product of D3, but is not usually isolated because of its tendency to condense and form higher molecular weight oligomers. Dimethylsilanediol can be kept in a stable state only under special acid- and base- free conditions. Thus, most measured physicochemical properties of DMSD are not available; only measured water solubility of 1x 106 mg/L at 25ºC.  Furthermore, due to these properties, current estimation models are not capable of calculating physicochemical or environmental fate values with any degree of accuracy. Thus, modeled data are not provided for DMSD because estimated physicochemical properties coupled with uncertainty associated with the modeling of this chemical class, could result in an assessment of an unrealistic scenario. 

The adsorption of DMSD onto surfaces and its tendency to polymerize itself are important properties of this chemical. In the environment, DMSD is expected to be found in water and air and to be adsorbed by soil and sediment, but is still subject to hydrolysis. Unbound DMSD in air, water, and soil is expected to degrade photolytically to silica and carbon dioxide. DMSD has been shown to biodegrade to methylsilanetriol, carbon dioxide, and silica.

Due to rapid hydrolysis, aquatic toxicity tests invariably expose test organisms to a mixture of D3 and very soluble hydrolysis products. No mortalities were observed in a 96-h flow-through rainbow trout study with 10 renewals per day of the test solution when fish were exposed at the limit of water solubility (1.6 mg/L).  Similarly no effects were seen in a 48-h, flow-though Daphnia magna study when daphnids were exposed at the limit of water solubility. In a 72-h algal (Pseudokirchneriella subcapitata) study, closed-bottle with zero headspace, the EC50 of D3 was >1.6 mg/L (nominal) for biomass and growth rate.  

Exposure

D3 is used solely as an industrial intermediate in the Sponsor country. It is sold to industrial customers for the manufacture of other chemicals (siloxanes). The substance is reacted during use and loses its chemical identity. The use pattern is the same in the USA, Europe and Japan. In 2001, the North America production volume of D3 was 207 tonnes (455,000 lbs), European production volume was 3221 tonnes (7,100,000 lbs.) and in Japan the production volume was 236 tonnes (520,000 lbs). 

There are no intentional releases to the environment. Throughout the world, D3 is produced in closed reactors and transferred by hard piping to storage tanks to exclude moisture until it is intentionally reacted. D3 may be stored at the manufacturing site in tanks or trailers. This method of manufacture of D3 minimizes the potential that workers will be exposed to the compound. D3 may be sampled by chemical operators for analysis and both the chemical operators and analytical technicians have the potential for dermal and inhalation exposure to D3 during the sampling.

Consumer exposure directly to D3 is not expected since it is not used in consumer products. However, D3 is an impurity in siloxane polymers and other cyclosiloxanes used in consumer products. 

	RECOMMENDATION AND RATIONALE FOR THE RECOMMENDATION AND NATURE OF FURTHER WORK RECOMMENDED

Human Health:  The chemical is currently of low priority for further work.  The chemical possesses properties indicating a hazard for human health (repeated-dose toxicity and effects on fertility). Based on exposure data presented by the Sponsor country, (closed system, site limited intermediate) and relating to use pattern in three world areas (North America, Europe and Japan) this chemical is currently of low priority for further work.  These properties should nevertheless be noted by chemical safety professionals and users. Countries may desire to investigate any exposure scenarios that were not presented by the Sponsor country.

Environment:  The chemical is currently of low priority for further work because of its low hazard profile.


SIDS Initial Assessment Report

1 identity

1.1 Identification of the Substance

	CAS Number:
	541-05-9

	IUPAC Name:
	Hexamethylcyclotrisiloxane

	Molecular Formula:
	C6H18O3Si3

	Structural Formula:
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	Molecular Weight:
	222.47

	Synonyms:
	D3

Cyclotrisiloxane, hexamethyl- 
Dimethylsiloxane cyclic trimer
Hexamethylcyclotrisiloxane
1,1,3,3,5,5-Hexamethylcyclotrisiloxane


1.2 Purity/Impurities/Additives

The reported purity of D3 is 98-100% (SEHSC, 2006). Impurities include (<0.7%); D4 (octamethylcyclotetrasiloxane) (CAS 556-67-2) and/or up to 2% unspecified. 

1.3 Physico-Chemical properties

Table 1     Summary of physico-chemical properties

	Property
	Value*
	Reference/comments

	Physical state
	Solid
	Dow Corning Corporation, 2006aJan2008

	Melting point (oC)
	64 (m)
	DIPPR; Patnode et al.,1946; Goldblum and Moody, 1955

	Boiling point (oC)
	135.1 at 1013 hPa (m)
	DIPPR, 2005

	Relative density (liquid)
Relative density (solid)
	0.952 g/cm3 at 25oC (c)
1.12 g/cm3 at 25°C (m)
	DIPPR, 2007
DIPPR, 2007

	Vapour pressure (solid)
Vapour pressure (liquid)
	6.71 hPa at 25oC (e)
11.56 hPa at 25oC (e)
	DIPPR, 2007
DIPPR, 2007

	Water solubility (ppm)
	1.6 at 25oC (a) (m)
	Varaprath, et al., 1996 

	Partition coefficient n-octanol/water (log value)
	3.85 (a) (m)
4.38 (c)

4.47 (c)
	Bruggeman, et al.,1984
Kozerski and Shawl, 2007a; 2007b;  Goss, 2005

USEPA, 2003

	Henry’s law constant
	6.35 x 10-2 atm-m3 /mol (c)
	Dow Corning Corporation, 2006b


* m = measured; c = calculated; e = extrapolated from measured data
(a) The water solubility and log Kow values may not be applicable because D3 is hydrolytically unstable and rapidly generates hexamethyltrisiloxanediol in the presence of moisture.   Nonetheless, these endpoints provide valuable information on the behavior of the material and are needed to evaluate the transport and distribution (i.e., fugacity) of D3 between environmental matrices.  
Table 2     Summary of water solubility and partition coefficients for the hydrolysis products, hexamethyltrisiloxanediol (CAS No 3663-50-1) 

	Property
	Result (Reference)

	Water solubility
	7160 mg/L at 25°C  (Dow Corning Corporation 2006b)

	Partition coefficient n-octanol/water (log value)
	1.84 at 25°C (Dow Corning Corporation 2006b)


1.4
Supporting Chemical Justification
Adequate data are available for D3 for all SIDS endpoints.  Due to rapid hydrolysis of D3 (t1/2 of 23 minutes at pH 7 and 25(C), supporting information on hexamethyltrisiloxanediol (CAS No 3663-50-1) and dimethylsilanediol (CAS 1066-42-8), the immediate and final hydrolysis products of D3, have also been included for some parameters.
2 general information on exposure

In production, D3 is produced in closed reactors and transferred by hard piping to storage tanks to exclude moisture until it is intentionally reacted.  Necessary engineering controls during production include local ventilation.  D3 is stored on site in tanks.  D3 is transported from the manufacturing site to industrial customers.   

2.1 Production Volumes and Use Pattern

D3 is used solely as an industrial intermediate in the Sponsor country.  It is sold to industrial customers as a key intermediate in the manufacture of other chemicals (siloxanes).  The use pattern is similar in the USA, Europe and Japan.  In 2001, the North America production volume of D3 was 206.6 tonnes (455,489 lbs), European production volume was 3221 tonnes (7,100,000 lbs.) and in Japan the production volume was 236 tonnes (520,000 lbs) (SEHSC, 2006).  On a global basis this material is manufactured and transferred in closed systems (hard piped).  The substance is generally reacted during use and loses its chemical identity.  However, some products have been found to contain or emit small amounts of D3, primarily when the products are new (www.mst.dk).
In 2007, 12 D3-containing preparations are registered in Denmark, 4 preparations were listed for Norway (with a designation that D3 may be contained in consumer preparations), and 7 preparations were listed for Sweden.  The total number of tonnes listed was very small.  In Denmark, the use category was listed as publishing, printing and reproduction of recorded material, and printing inks were specifically noted.  The preparations may include raw materials and other various industrial or consumer uses (SPIN Database, 2007).  
2.2 Environmental Exposure and Fate
2.2.1 Sources of Environmental Exposure

In production in the sponsor country, D3 is handled in closed systems (hard-piped) and is transported from the manufacturing site (SEHSC, 2006).   There are no intentional releases to the environment in the sponsor country.  

2.2.2 Photodegradation

The NO3 radical and O3 reactions are of no importance as tropospheric removal processes for D3.  The dominant gas-phase chemical loss process is by reaction with the OH radical.  The calculated lifetime of D3 in the troposphere due to chemical reaction with the OH radical is approximately 30 days with a calculated half-life of 21 days.  The overall OH rate constant is 5.2 x 10-13 cm3/molecule-sec (Atkinson, 1991, Statewide Air Pollution Center, 1990).  No rate or half-life data are available regarding the photodegradation of hexamethyltrisiloxanediol or dimethylsilanediol.  
2.2.3 Stability in Water

In an OECD TG 111 study, D3 is hydrolytically unstable over a range of environmentally relevant pH and temperature conditions (Sun, 2002, 2004):
Table 3     Summary of stability in water

	
	Half life (minutes)

	pH
	At 25 oC

	4.0
	2 

	7.0
	23

	9.0
	0.4 


According to the definition in the test guidelines, D3 was observed to be hydrolytically unstable over a range of environmentally relevant pH conditions at 10, 25, and 35oC. D3 hydrolyzes to produce hexamethyltrisiloxanediol (CAS No 3663-50-1), which will further hydrolyze to dimethylsilanediol (CAS No. 1066-42-8; DMSD).  The equilibrium among DMSD and its dimer and trimer diols was studied by proton NMR and GC analysis of derivatized extracts (Spivak j, Dorn, B (1994) Environ Sci Technol 28:2345; cited in Chandra G (1997) Organosilicon Materials, Volume 3, The Handbook of Environmental Chemistry). The equilibrium ratios for dimethylsilanediol, tetramethyldisiloxanediol, and hexamethyltrisiloxanediol were represented by example concentrations of 1.0 x 107, 4.0 x 103, and 1.5 ng/L respectively.  This study shows that DMSD will be the predominant silanol in aqueous solutions.  Dimethylsilanediol has been shown to degrade to silicate in aqueous systems in the presence of light and nitrate at a rate of 1.7% in 5 weeks (Anderson et al., 1987).
2.2.4 Transport between Environmental Compartments

The EQC Level III Fugacity model (USEPA, 2003) was used to evaluate the fate, transport and distribution of D3 between environmental matrices.  Level III Fugacity modeling, using loading rates for Air, Soil, and Water of 1000 kg/h for each media, shows the following percent distribution: Air = 9.6%, Soil = 89.4%, Water = 1.0%, and Sediment = 0.0% (SEHSC, 2008).  Level III Fugacity modeling, using loading rates for Air, Soil, and Water of 1000 kg/h individually for each media, shows the following percent distribution: 1000 kg/h Air only: Air = 99.9%, Soil = 0.1%, Water = 0.0%, and Sediment = 0.0%; 1000 kg/h Water only: Air = 1.2%, Soil = 0.0%, Water = 98.3%, and Sediment = 0.4%; 100 kg/h Soil only: Air = 0.6%, Soil = 99.4%, Water = 0.0%, and Sediment = 0.0%.   However, because D3 rapidly hydrolyses, Level III Fugacity modeling was not conducted on the hydrolysis products, hexamethyltrisiloxanediol and dimethylsilanediol.  D3 initially hydrolyzes to hexamethyltrisiloxanediol followed by final hydrolysis to dimethylsilanediol (DMSD). 

Dimethylsilanediol is the final hydrolysis product of D3, but is not usually isolated because of its tendency to condense and form higher molecular weight oligomers. Dimethylsilanediol can be kept in a stable state only under special acid- and base- free conditions. Thus, most measured physicochemical properties of DMSD are not available; only measured water solubility of 1x 106 mg/L at 25ºC. Furthermore, due to these properties, current estimation models are not capable of calculating physicochemical or environmental fate values with any degree of accuracy. Thus, modeled data are not provided for DMSD because estimated physicochemical properties coupled with uncertainty associated with the modeling of this chemical class, could result in an assessment of an unrealistic scenario.  

The adsorption of DMSD onto surfaces and its tendency to polymerize itself are important properties of this chemical. In the environment, DMSD is expected to be found in water and air and to be adsorbed by soil and sediment, but is still subject to hydrolysis. Unbound DMSD in air, water, and soil is expected to degrade photolytically to silica and carbon dioxide. DMSD has been shown to biodegrade to methylsilanetriol, carbon dioxide, and silica. 

2.2.5 Biodegradation

In an OECD TG 310 Ready Biodegradability test, there was no observed biodegradation of D3 (0.06 % after 28 days) (Gledhill, 2003).  No biodegradability data are available for hexamethyltrisiloxanediol or dimethylsilanediol using standard wastewater treatment organisms.  Microbial degradation of dimethylsilanediol in soil at a rate of 0.4 to 1.6% per week has been demonstrated (Lehmann, Miller, and Collins, 1998).  
2.2.6 Bioaccumulation

In a 14 day toxicity and body burden study, Oncorhynchus mykiss were exposed to measured D3 concentrations of 0 (control) or 67 µg/L D3 (Annelin, 1991).  D3 test solutions were prepared in a manner designed to saturate the water with D3.  Three large glass vessels were connected in series to which ~15g of D3 was floated on the surface.  Each solution was slowly stirred until equilibrium was attained.  Test solution from this saturator system was continually pumped through a closed exposure vessel containing ten rainbow trout. Under these conditions, fish would have been exposed to D3 and its hydrolysis products.  The measured water concentration of parent D3 (67 µg/L) was approximately 4% of its water solubility limit.  Concentrations of hydrolysis products were not determined.

The BCF value was determined only at day 14 and the depuration rate was not measured.  Although this study did not determine if equilibrium had been achieved by 14 days, studies with a similar substance (i.e. D4; Springborn Laboratories, 1991) reached the steady state BCF value within seven days.  This suggests that D3 was at the steady-state BCF plateau when the 14 day measurements in this study were conducted.  The mean measured tissue concentration of D3 was 6700 ± 3300 µg/kg resulting in a measured BCF of 100 ± 49.  Some morbidity and one case of mortality were observed among the ten fish.  The impact of the diminished health of the fish on the reported BCF is unknown.
BCF values estimated using EPIWIN range from 184 to 550 depending on the selected log Kow (Table 4).  The log Kow value of 4.38 derived from polyparameter modelling after the method of Goss et al. is deemed the most accurate value.  This log Kow provides a BCF estimate of 471.
Table 4  Bioconcentration factor values for D3, Hexamethyltrisiloxanediol and Dimethylsilanediol

	Material
	BCF
	Reference

	D3
	100

184 (log Kow = 3.85)

471 (log Kow = 4.38)

550 (log Kow = 4.47)
	Annelin, 1991a

USEPA, 2003

USEPA, 2003

USEPA, 2003

	Hexamethyltrisiloxanediol
	5.2 (log Kow = 1.84)
	USEPA, 2003

	Dimethylsilanediol
	3.2 (log Kow = -0.41)
	USEPA, 2003


2.3 Human Exposure

2.3.1 Occupational Exposure

D3 is produced in closed reactors and transferred by hard piping to storage tanks to exclude moisture until it is intentionally reacted.  D3 may be stored at the manufacturing site in tanks or trailers (Hill, 2007).  This method of manufacture of D3 minimizes the potential that workers will be exposed to the compound. D3 may be sampled by chemical operators for analysis and both the chemical operator(s) and analytical technician(s) have the potential for dermal and inhalation exposure to D3 during the sampling.
2.3.2 Consumer Exposure 
Although D3 is not intentionally used in consumer products, it has been identified in consumer products in Denmark.  The Danish Environmental Protection Agency regularly screens consumer products for chemical substances.  D3 appears in two of these reports (for 2005 and 2006) as indicated below.- 
In 2005, a mix of siloxanes were identified in a number of electronic devices (a printer, an oven, an iron, a mobile phone with charger, a computer and an electrical radiator).  The mix of siloxanes from the oven and the iron were analysed, and it was found that the main components were hexamethylcyclotrisiloxane, octamethylcyclotrisiloxane and decamethylcyclotrisiloxane.  Further exposure assessments were not performed for these substances (www.mst.dk).  
In 2006 D3 was identified in a screening of toys (one rubber figure and one soft toy).  In the toys, the measurements were only semi-quantitative, and no exposure assessments were performed(www.mst.dk).  
Also, in 2007, 4 preparations were listed for Norway, with a designation that D3 may be contained in consumer preparations.  The total number of tonnes listed was very small (SPIN Database, 2007).  

Other than these indications that D3 may be found in some consumer products, D3 is not known to be added directly to consumer products.

3 human health hazards

3.1 Effects on Human Health

3.1.1 Toxicokinetics, Metabolism and Distribution

No data available.

3.1.2 Acute Toxicity

This material has been tested for acute toxicity by the oral route of exposure.  

Studies in Animals

Inhalation

No data available.

Dermal

No data available.

Oral

In an acute oral toxicity study, rats (2/sex/dose) were administered single doses of D3 in Dow Corning 344 fluid via gavage at 520, 770, 1040 or 15,400 mg/kg bw and were observed for 14 days.  There were no deaths or untoward effects observed at the highest dose of 15,400 mg/kg bw.  The approximate LD50 was greater than 15,400 mg/kg bw (Dow Corning, 1980).  
 Studies in Humans

No data available.

Conclusion

The acute oral LD50 for D3 in rats is greater than 15,400 mg/kg bw.   

3.1.3 Irritation

Skin Irritation

Studies in Animals
No guidelines studies were conducted to assess the eye and skin irritation of D3. However, skin and eye irritation potential of D3 was investigated in the following non-guidline studies:
Undiluted D3 (0.5 g) was applied daily for 5 days/week for two weeks to each side of the shaved abdomen of a single rabbit (Dow Corning, 1980).  The application sites were covered with a semi-occlusive dressing.  D3 produced slight redness only, indicating a very low potential to cause skin irritation following repeated applications.

Studies in Humans

No data available.

Eye Irritation

Studies in Animals

A single rabbit was used to determine the potential eye irritation of D3 (Dow Corning, 1980). An aliquot of 0.1 ml undiluted D3 was placed in each eye.  Following instillation, one eye was washed and the other eye was not.  The eyes were observed for 1, 2, 24, 48 and 168 hours.  No eye irritation was observed.

Studies in Humans

No data available.

Respiratory Tract Irritation

In a repeated exposure aerosol nose-only inhalation study with SD rats (actual concentrations were 0.084, 0.945 and 9.041 mg/L), lungs, bronchi and nasal cavity were examined (LPT, 1992). Hemorrhagic encrustation of the nose, were seen at 0.945 mg/L and above.  At the intermediate concentration of 0.945 mg/L, a slight hemorrhagic encrustation of the nose was observed in all rats in the first week, and the number of animals exhibiting this symptom varied from day 8 to the end of the study.  During the last three weeks the maximum number of animals were affected on day 19. The encrustation was still visible immediately before the necropsy (3/5 males; 3/5 females).  There were no signs of irritation at 0.084 mg/L. Slight inflammatory changes were seen in the nasal cavity at the high exposure males (3/5).  No inflammation reaction were noted in controls and in the low and intermediate exposure groups.  Microscopically, aggregation of macrophages and perivascular round cell infiltration was seen in the lungs of high exposure animals and not observed at the other concentrations.  Complete recovery was not seen for the local effects following the recovery period of 4 weeks.  The NOAEC for local effects was considered to be 0.084 mg/L with a LOAEC of 0.945 mg/L.
Conclusion

D3 caused minimal irritation (slight redness) upon repeated dermal application in one rabbit.  Ocular exposure to D3 in one rabbit did not result in eye irritation. Repeated exposures to D3 via aerosol inhalation caused hemorrhagic encrustation of the nose at 0.945 mg/L and above and slight inflammatory changes were seen at the high exposure males (9.041 mg/L). No signs of respiratory tract irritation was noted at 0.084 mg/L.
3.1.4 Sensitisation

No data available.

Conclusion

D3 has not been tested for sensitization potential.

3.1.5 Repeated Dose Toxicity

Repeated dose toxicity data for D3 are available for the oral (gavage) and inhalation routes of exposure.

Studies in Animals

Inhalation 

In a combined repeated-dose/reproductive/developmental toxicity screening test (OECD TG 422), Sprague-Dawley rats (10/sex/group) were exposed to D3 vapor via whole body inhalation 6 hours/day, 7 days/week for up to 29 days at 0, 100, 500 and 2500 ppm (approximately 0.61, 4.5 and 22.8 mg/L, respectively) (Dow Corning, 2002).  No mortality was seen in the toxicity phase animals.  Male and toxicity phase female animals showed decreased body weights at 2500 ppm.  Male animals showed a decreased food consumption at 2500 ppm and toxicity phase females showed a decreased food consumption at 500 ppm and higher.  In the functional observation battery, toxicity phase females were observed to have a slight change in reaction to handling at 2500 ppm.  Male animals showed a reduced motor activity at 2500 ppm; there were no treatment-related effects in the toxicity phase females.  There were no treatment related hematological findings.  Increased urea nitrogen and decreased alkaline phosphatase was observed for male animals at 2500 ppm.  Decreased serum glucose was observed for toxicity phase females at 500 ppm and higher. The significance of this finding is not known.  Increased serum cholesterol was observed for toxicity phase females at 2500 ppm.  Increased liver weight and incidence of centrilobular hepatocellular hypertrophy were observed in male and female rats following inhalation exposure to 2500 ppm D3 for up to 29 days.  Male specific effects of D3 exposure were observed for the seminal vesicles (decreased organ weight and increased incidence of organ atrophy at 2500 ppm) and kidney (increased incidence of protein droplet nephropathy at 500 and 2500 ppm).  The kidney findings may be male rat specific, and is probably not relevant for human health. A LOAEC was considered to be 0.61 mg/L (100 ppm) based on kidney findings in males at higher dose. No NOAEC could be identified for systemic effects. 

Sprague-Dawley rats (5/sex/group, 10/sex/group in the high-concentration group) were exposed to D3 aerosol via nose-only inhalation, 6 hours/day, 7 days/week for 4 weeks at nominal concentrations of 0, 1.14, 6.87 and 34.68 mg/L (actual concentrations were 0.084, 0.945 and 9.041 mg/L, respectively) (OECD TG 412; LPT, 1992).  Five rats/sex from the high concentration group were assigned to the 4 week recovery period following exposure.  Mortality was noted in males at 9.041 mg/L. Symptoms prior to death were dyspnea, ataxia, reduced reflexes and piloerection.  Congestion of the kidneys, lungs and liver and pulmonary edema were seen in animals that died. These are the typical findings which are normally seen in dying animals.  During evaluation of local tolerance to the treatment, lungs, bronchi and nasal cavity were examined.  Hemorrhagic encrustations of the nose, were seen at 0.945 mg/L and above.  At the intermediate concentration of 0.945 mg/L, a slight hemorrhagic encrustation of the nose was observed in all rats in the first week, and the number of animals exhibiting this symptom varied from day 8 to the end of the study.  During the last three weeks the maximum number of animals were affected on day 19. The encrustation was still visible immediately before the necropsy (3/5 males; 3/5 females). There were no signs of nose irritation at 0.084 mg/L. Slight inflammatory changes were seen in the nasal cavity at the high exposure males (3/5). No inflammation reaction were noted in controls and in the low and intermediate exposure groups.  Microscopically, aggregation of macrophages and perivascular round cell infiltration was seen in the lungs of high exposure animals (6/10) and not observed at the other concentrations. These changes are consistent with respiratory tract irritation. Complete recovery for the local effects was not achieved during the 4-week recovery period. The NOAEC for local effects was considered to be 0.084 mg/L with a LOAEC of 0.0945 mg/L. A NOAEC for systemic effects for this study was considered to be 0.945 mg/L based on the mortality and clinical signs.
Oral

Sprague-Dawley rats (8/sex/dose) were administered D3 via gavage at 25, 100, 400 and 1600 mg/kg-bw/day for 14 days (Dow Corning, 1990).  The study was designed to investigate whether D3 increases liver weights similar to other oligomeric cyclosiloxanes. This was a non-guideline study limited to clinical observations, measurement of body weights, gross examination of organs and weighing of the liver. No test article-related deaths occurred. There were no clinical signs of toxicity or effects on body weight gains. Test article-related increases in the liver weights were seen in the male rats as low as 100 mg/kg/day and in female rats at dosage level in excess of 400 mg/kg bw/day. The increase in liver weights is not considered to be adverse. No significant changes were noted during gross pathological examination.
Studies in Humans

No data available.

Conclusion

In an OECD TG 422 study, increased liver weight and incidence of centrilobular hepatocellular hypertrophy were observed in male and female rats following inhalation exposure to 2500 ppm (22.8 mg/L) D3 for up to 29 days.  Male specific effects of D3 exposure were observed in the seminal vesicles (decreased organ weight and increased incidence of organ atrophy at 2500 ppm) and kidney (increased incidence of protein droplet nephropathy at 500 and 2500 ppm (4.5 and 22.8 mg/L)).  The kidney findings may be male rat specific, and is probably not relevant for human health.  The LOAEC was considered to be 100 ppm (0.61 mg/L). 
When rats exposed to D3 aerosols via nose-only inhalation, mortality was noted in males and females of the high exposure group.  Hemorrhagic encrustations of the nose were seen at 0.945 mg/L and above. The NOAEC for local effects was considered to be 0.084 mg/L with a LOAEC of 0.945 mg/L. A NOAEC for systemic toxicity was considered to be 0.945 mg/L based on the mortality and clinical signs. Test article-related increases in liver weights were seen in a 14 day gavage study in male rats as low as 100 mg D3/kg bw/day and in female rats at dosage level in excess of 400 mg/kg bw/day.  No significant changes were noted during gross pathological examination, and the increase in liver weights was not considered to be adverse based on histopathologic results obtained in the previously mentioned 422 study (Dow Corning, 2002). 
3.1.6 Mutagenicity

In vitro bacterial and mammalian genotoxicity and in vivo mammalian studies have been conducted with D3. These studies did not conform to modern standards.

In vitro Studies

Studies in Bacteria

In bacterial reverse mutation assays, no mutagenic activity of D3 was observed in any of the Salmonella typhimurium strains when tested up to 500 ug/plate in either the presence or absence of metabolic activation (Dow Corning 1979; Litton Bionetics, 1978).

In separate studies, S. typhimurium, E. coli and S. cerevisiae were exposed to D3 at doses up to 500 µg/plate, with and without metabolic activation (gene mutation and DNA repair tests).  Appropriate concurrent negative and positive controls were included, and the expected responses were observed. The results of these tests conducted on D3 in the presence and absence of metabolic activation were all negative for gene mutation. Therefore, D3 was not a bacterial mutagen under the conditions of these assays (Dow Corning, 1979 and Litton Bionetics, 1978). 
Studies in Mammalian Cells
The Fischer mouse lymphoma cell line was used in four studies to investigate the ability of D3 to produce chromosome aberrations, sister chromatid exchange (SCE), gene mutations or DNA damage (Litton Bionetics, 1978). Appropriate concurrent negative and positive controls were included. The solubility, toxicity, and doses were determined prior to screening.  Toxicity was measured as loss in growth potential of the cells induced by a four-hour exposure to the chemical followed by a 24-hour expression period in growth medium.  A minimum of four doses were selected from the range of concentrations by using the dose that showed 50% reduction in growth potential as the high dose and adding at least three lower doses.  The test substance was evaluated at 0.098, 0.20, 0.39, 0.78, 1.6, and 3.1 mg/mL in the main assay.  D3 was slightly cytotoxic in the L5178 Fischer mouse lymphoma cell line at concentrations of 0.016 mg/ml in the non-activated assay and 1 mg/ml in the activated assay.  A low level of chromosome damage at a concentration of about 1 mg/mL or higher (4% aberrations per cell at 1.56 mg/mL vs 12.5% for the positive control in the activated assay) could be explained by the cytotoxicity seen at higher concentrations. Slight elevation in SCE per cell was observed at concentration near 1 mg/ml in the activation assay with no associated increase in chromosomal aberration which reduced the implications of the SCE’s.  No evidence of primary DNA damage was obtained. An increase in the ∆ ELUT was observed at the high dose under nonactivation test conditions, but appeared to be the result of toxicity (30.1 at 0.064 mg/mL vs 45.9 in the positive control in the nonactivation assay).  All positive controls were active and solvent controls were negative.
In a mammalian cell gene mutation assay with L5178Y Fischer mouse lymphoma cell line, D3 was tested for the ability to induce gene mutation at concentrations of 0.07, 0.13, 0.27, 0.53, and 1.06 mg/mL (Litton Bionetics, 1978).  No gene mutation was observed.  
Table 4     Summary of bacterial and mammalian cell mutagenicity tests 
	Test system
	Result
	Reference

	Salmonella typhimurium: TA-1535, TA-1537, TA-1538, TA-98, TA-100/with and without activation
	Cytotoxic conc. = 500 µg/plate

Negative for mutagenicity
	Dow Corning, 1979

	Salmonella typhimurium: TA-1535, TA-1537, TA-1538, 
TA-98, TA-100/with and without metabolic activation 
	Cytotoxic conc.
not reported

Negative for mutagenicity
	Litton Bionetics, 1978


	Saccharomyces cerevisiae (Saccharomyces) and Escherichia coli (W3110 (pol A+) and P3478 (pol A-))-100/with and without metabolic activation
	Cytotoxic conc. > 500 µg/plate Negative for mutagenicity in DNA repair test
	Litton Bionetics, 1978

	Mouse L5178Y cells/ with and without metabolic activation
	Cytotoxic conc. > 0.016 mg/mL in the nonactivated and 1 mg/ml in the activated assays.                     Negative for gene mutation Equivocal/weak positive for chromosomal aberrations, SCE’s and DNA damage at cytotoxic concentrations
	Litton Bionetics, 1978

	In vivo cytogenic assay in male rats
	Negative
	Bioassay Systems, 1982


In vivo Studies

In the rat bone marrow cytogenetic assay, D3 was injectd intraperitoneally (IP) to six male SD rats per group as a single dose (Bioassay Systems, 1982).  Dosages were 125, 225, 300, 400, 515 and 1080 mg/kg bw. Animals were sacrificed at 6, 24 and 48 hours after injection.  Mortality was seen at 400 mg/kg bw (3/6) and above (1/6 at 515 mg/kg bw and 5/6 at 1080 mg/kg bw) in the 24-hour group.  Appropriate negative and positive controls were included and the expected responses were observed.  D3 did not cause an increase in the frequency of chromosomal breaks or aberrations in bone marrow cells of rats.  

Conclusion

D3 did not induce any mutagenicity in bacterial mutagenicity tests at doses up to 500 µg/plate, both with and without metabolic activation. D3 was slightly cytotoxic in the L5178Y Fischer mouse lymphoma cell line at concentrations of 0.016 and 1 mg/ml in the absence and presence of metabolic activation, respectively. No gene mutation was observed in mouse lymphoma cells; however, D3 gave equivocal or weak positive results in tests for sister chromatid exchange, DNA repair and chrosomal aberrations (L5178Y mouse lymphoma cell line) at concentration of about 1 mg/ml or higher. In an in vivo study, D3 did not cause an increase in the frequency of chromosomal breaks or aberrations in bone marrow cells of rats.  D3 is not expected to be genotoxic in vitro or in vivo.
3.1.7 Carcinogenicity

No data available.

3.1.8 Toxicity for Reproduction

D3 has been assessed for toxicity for reproduction following inhalation exposure.

Effects on Fertility

In a combined repeated-dose/reproductive/developmental toxicity screening test (OECD TG 422; see Section 3.1.5), Sprague-Dawley rats (10/sex/group) were exposed to D3 vapor via whole body inhalation 6 hours/day, 7 days/week for at 0, 100, 500 and 2500 ppm (approximately 0.61, 4.5 and 22.8 mg/L, respectively) (Dow Corning, 2002).  D3 was administered to male rats for 28 days (14 days prior to mating and 14 days during the mating period) and to female rats throughout the 14-day pre-pairing, pairing and gestation period until the individual day 19 post coitum (total 46 days).  Control animals were exposed to air only under the same conditions as animals exposed to the test article.  Parental generation males were sacrificed after they had been treated for 28 days, P generation females and pups were sacrificed on day 4 post partum.  At all concentrations, there were no treatment-related effects on precoital time, fertility indices, mean duration of gestation, post-implantation loss, or pup survival from birth to scheduled sacrifice on day 4 post partum.  All but one female (2500 ppm group) were pregnant following the 7th day of mating,  At 2500 ppm there was a decrease in litter size (33%), a decrease in mean litter weight (27%), and a decrease in the number of implantation sites (33%).  One isolated incident of a female rat in the 2500 ppm group was recorded where the rat was seen squealing and shaking “with bulging eyes” for 10 minutes during treatment on day 31. Although a decrease in weight and atrophy of the seminal vesicles were seen at 2500 ppm, there was no treatment-related histopathological correlation observed in the reproductive organs of either sex from the parental generation.  The assessment of the integrity of the spermatogenetic cycle did not provide any evidence of impaired spermatogenesis.  In the reproductive toxicity study, exposure to 2500 ppm D3 was associated with decreased litter size, litter weight, and number of implantation sites.  A NOAEC of 500 ppm (4.5 mg/L) and LOAEC 2500 ppm (22.8 mg/L) for reproductive toxicity were determined based on the decreased litter size and implantation sites. The maternal NOAEC and LOAEC were 500 ppm (4.5 mg/L) and 2500 ppm (22.8 mg/L) based on the decrease in body weights. 

Developmental Toxicity

In a combined repeated dose/reproductive/developmental toxicity screening test (OECD TG 422; see Section 3.1.5) Sprague-Dawley rats (10/sex/group) were exposed to D3 vapor via whole body inhalation 6 hours/day, 7 days/week for at 0, 100, 500 and 2500 ppm (approximately 0.61, 4.5 and 22.75 mg/L, respectively) (Dow Corning, 2002).  D3 was administered to male rats for 28 days (14 days prior to mating and 14 days during the mating period) and to female rats throughout the 14-day pre-pairing, pairing and gestation period until the individual day 19 post coitum (total 46 days) (Dow Corning, 2002).  Control animals were exposed to air only under the same conditions as animals exposed to the test article.  Parental generation males were sacrificed after they had been treated for 28 days, P-generation females and pups were sacrificed on day 4 post partum.  At all concentrations, there were no treatment-related effects on pup survival from birth through to scheduled sacrifice on day 4 post partum.  Statistically significant decreases were noted for litter size (33%), litter weight (27%), and number of implantation sites (33%) in the 2500 ppm group. The litter weight decreases at the high exposure level are possibly due to the reduced litter size and not treatment-related manifestation of developmental toxicity. One isolated incident of a female rat in the 2500 ppm group was recorded where the rat was seen squealing and shaking “with bulging eyes” for 10 minutes during treatment on day 31.  This rat gave birth to 14 pups, none of which survived to PND 4.  No abnormal findings were noted for pups at first litter check or during the first 4 days post partum. Sex ratios at first litter check and on day 4 post partum were unaffected by treatment with D3.  Mean pup weights on day 0, day 1 and during the first 4 days post partum was unaffected by treatment. A NOAEC of 500 ppm (4.5 mg/L) and LOAEC of 2500 ppm (22.8 mg/L) for developmental toxicity were determined based on the decreased litter size and implantation sites. The maternal NOAEC and LOAEC were 500 ppm (4.5 mg/L) and 2500 ppm (22.8 mg/L) based on the decrease in body weights. 

Conclusion

In the reproductive/developmental toxicity phase of the combined repeated-dose/reproductive/developmental toxicity screening test (OECD TG 422), exposure to 2500 ppm D3 was associated with decreased litter size, litter weight, and number of implantation sites.  A NOAEC of 500 ppm (4.5 mg/L) and LOAEC of 2500 ppm (22.8 mg/L) for reproductive/developmental toxicity were determined based on the decreased litter size and implantation sites. The maternal NOAEC and LOAEC were 500 ppm (4.5 mg/L) and 2500 ppm (22.8 mg/L) based on the decrease in body weights. 
4 hazards to the environment

4.1 Aquatic Effects

Aquatic toxicity data are available for D3.

General 

D3 undergoes rapid hydrolysis (t1/2 = 23 minutes at pH 7 and 25ºC), which occurs during testing; exposures to D3 are likely to be transient and so exposures are likely to be primarily to the hydrolysis products. This is particularly relevant for studies in which D3 stock or test solutions were prepared via prolonged exposure of D3 to water prior to testing. Hydrolysis products include hexamethyltrisiloxanediol, tetramethyldisiloxanediol, and dimethylsilanediol (DMSD).  The Si-C bond is not expected to undergo hydrolysis.   
Acute Toxicity Test Results

Fish

In a 96-h flow through study with Rainbow Trout (Oncorhynchus mykiss), the LC50 for D3 was > 1.6 mg/L based on nominal concentration.  A 16 mg/mL dilutor stock solution was prepared in acetone and analyzed to confirm the D3 concentration in this solvent stock.  The solvent stock solution was combined with dilution water in the dilutor mixing chamber at rates designed to deliver a test concentration of 1.6 mg/L, i.e. the limit of water solubility.  Dilutor flow was maintained at a rate to deliver approximately 10 solution replacements per day.  No mortality or morbidity was observed resulting in a nominal NOEC of 1.6 mg/L.  
Aquatic invertebrates
In a 48-h flow through study with Daphnia magna, the EC50 for D3 was > 1.6 mg/L based on nominal concentration.  A 16 mg/mL dilutor stock solution was prepared in acetone and analyzed to confirm the D3 concentration in this solvent stock.  The solvent stock solution was combined with dilution water in the dilutor mixing chamber at rates designed to deliver a test concentration of 1.6 mg/L, i.e. the limit of water solubility.  Dilutor flow was maintained at a rate to deliver approximately 10 solution replacements per day.  No mortality or morbidity was observed resulting in a nominal NOEC of 1.6 mg/L.
D3 was not acutely toxic to Daphnia magna in a static test at concentrations of 130 µg/L or less over a 48-hour test period. The EC50 for this study conducted according to a non-guideline study method (under U.S. EPA GLP guideline 40 CFR Part 792) was > 129 µg/L (measured; Annelin, 1991b).  Algae

A combined 72-h and 96-hour algal (Pseudokirchneriella subcapitata) toxicity test was conducted for D3 (Springborn, 2007).  This test was conducted with sealed, zero-headspace vials.  Test material (D3) was initially prepared as a stock solution at 16 mg/mL in acetone.  This stock was used to prepare a series of secondary solvent stocks with D3 concentrations of 0, 1.0, 2.0, 4.0, and 8.0 mg/mL in acetone.  Analytical confirmation of the D3 concentrations in the secondary stocks was conducted.  Secondary stocks were used to prepare the individual test vials containing D3 at dose levels of 0.10, 0.20, 0.40, 0.80, and 1.6 mg/L.  Media control and solvent control test vials were also prepared.  Analytical confirmation of test vial concentrations was not conducted and hence all results are based on nominal concentrations.
Results for the 96-h algae toxicity test of D3 based upon cell density were:  NOEC = 1.6 mg/L; EC10, EC20, and EC50 > 1.6 mg/L.  Results for the 96-h algae toxicity test of D3 based upon growth rate were:  NOEC = 1.6 mg/L; EC10, EC20, and EC50 > 1.6 mg/L.  Results for the 72-h algae toxicity test of D3 based upon cell density were:  NOEC = 1.6 mg/L; EC10 = 0.48 mg/L, and EC20 and EC50 > 1.6 mg/L.  The 72-h EC10 result (0.48 mg/L) was determined by the study director to be not biologically relevant.  The only concentration that was significantly different from the solvent control was the 0.80 mg/L dose.  All other doses including the 1.6 mg/L dose were not statistically significant and no dose response curve was evident.  Results for the 72-h algae toxicity test of D3 based upon growth rate were:  NOEC = 1.6 mg/L; EC10, EC20, and EC50 > 1.6 mg/L.  
Chronic Toxicity Test Results

No data available.
Terrestrial Effects
No data available.

4.2 Other Environmental Effects

No data available.
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