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• Results of predictions for D5 using the PBT Profiler 
(http://www.pbtprofiler.net/). 

 
Potential carcinogenicity of D5 
 
OEHHA (2007, 2008a) concluded that concerns for potential carcinogenicity relevant to 
humans cannot be ruled out for D5.  A rat-specific mechanism for the uterine tumors 
induced by D5 has been proposed by Dow Corning and the Silicones Environmental 
Health and Safety Council (SEHSC).  OEHHA found this mechanism, which 
hypothesizes dopamine agonism by D5, plausible but still uncertain (see OEHHA, 2007 
and 2008a for a full discussion).  OEHHA has found no new information that would alter 
our earlier findings.  Concerns for the potential carcinogenicity of D5 remain. 
 
Relevant excerpts 
 
OEHHA (2007):  

• “Concerns for possible toxic effects of D5 were raised following the discovery that 
D5 exposure causes uterine cancer in female rats.” 

• “A statistically significant increase in a malignant tumor (uterine adenocarcinoma) 
due to D5, a chemical that may be bioconcentrated and is a candidate to replace 
perchloroethylene in dry cleaning, indicates a potential hazard for workers in the 
dry cleaning industry and perhaps for the general public.” 

• “Dow Corning has proposed that the tumors in rats are due to a mechanism not 
applicable to humans (Environ, 2006).  Dow Corning postulates that D5 acts as a 
dopamine agonist, i.e., D5 mimics the effects of dopamine by binding to 
dopamine receptors in the body and causing effects like dopamine…This 
hypothesized mode of action for D5 rat uterine carcinogenicity is plausible, but a 
substantial amount of uncertainty remains due to contradictions and information 
gaps in the available data.”  
 

OEHHA (2008a) 
• “However, OEHHA has concluded that 1.) current data are insufficient to 

definitively determine that the proposed mode of action (MOA) for tumorigenesis, 
namely endocrine action in the rodent through dopamine agonism, is in fact the 
MOA, and 2.) there is still a concern for potential carcinogenicity relevant to 
humans.  In making this determination, OEHHA is consistent with the judgment 
of U.S. EPA’s scientists, who reported a similar conclusion to SEHSC [Silicones 
Environmental Health and Safety Council] in December 2006.” 
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Effects of D5 on the reproductive system 
 
OEHHA (2007, 2008a) found some evidence of potential effects of D5 on the 
reproductive system.  D5 may affect reproductive hormones and one study of D5 
observed a significant increase on male pup anogenital distance.   
 
Relevant excerpts  
 
OEHHA (2007): 

• “Siddiqui et al. (2007) observed a significant increase in male pup anogenital 
distance [AGD].  This may indicate an anti-estrogenic or androgenic 
effect….OEHHA considers the statistically significant increase in AGD at 160 
ppm an effect of concern, possibly reflecting an anti-estrogenic (female hormone) 
or androgenic (male hormone) property of D5.” 

• “Hormonal effects are of interest and concern because of the finding of malignant 
tumors (adenocarcinomas) due to chronic D5 exposure in a hormone sensitive 
organ, the rat uterus.” 

• “Dopamine acts on the endocrine system by inhibiting prolactin release (Ben-
Jonathan and Hnasko, 2001).  In humans prolactin induces and maintains the 
secretion of milk (lactation) and during lactation decreases reproductive function 
and suppresses sexual drive in the mother.  Drugs used to treat hyper-
prolactinemia, such as cabergoline and bromocriptine, are dopamine receptor 
agonists.”  (This effect would depend on D5 being a dopamine agonist, which is 
still uncertain; see OEHHA, 2007 and 2008a for a full discussion of this issue.) 
 

OEHHA (2008a):  
 

• “…OEHHA staff noted a statistically significant increase in the anogenital 
distance in Sprague-Dawley rat F1 males exposed to 160 ppm D5 in the Siddiqui 
et al. (2007) study. OEHHA staff was concerned that this might be a hormonal 
effect of D5.” 

• “OEHHA agrees that [increased anogenital distance] is [a] sensitive endpoint for 
female reproductive toxicity…Given the existence of multiple studies indicating 
that chemicals which mimic the action of estradiol in the body could alter the 
AGD in male animals of several species, OEHHA believes that the concern 
expressed over the apparent effect of D5 on AGD in male rats in the study by 
Siddiqui et al. (2007) is still valid.” 
 

Effects of D5 on the liver, nervous system, and immune system 
 
There are indications that D5 has effects on the liver and immune and nervous systems, 
based on evidence from experimental studies and/or D5’s proposed effects on the 
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hormone prolactin and its hypothesized potential for dopamine agonism.  There are 
contradictions and data gaps in the available information on the potential dopamine 
agonism of D5 (see OEHHA, 2007 for a detailed discussion of this issue).  If D5 is truly 
a dopamine agonist, this could have effects on the nervous system as well as many 
other physiological processes.  OEHHA's principal concern with a dopaminergic mode 
of action is the possibility of functional and developmental neurological or 
neuroendocrinological effects.  Relevant excerpts on a range of potential effects of D5 
are given below. 
 
Relevant summary statements on a range of potential noncancer effects of D5 
 

• OEHHA (2007): “Furthermore, additional non-carcinogenic effects, associated 
with altered dopamine and prolactin levels, have been reported in humans and 
animals. Systems affected include the nervous system, fat tissue, the liver (bile 
formation), and the immune system.” 

• OEHHA (2008b): “D5 also has adverse health effects on the reproductive 
system, adipose tissue, bile production, and the immune system through its 
effects on prolactin, and it has the potential to cause adverse effects on the 
nervous system because of its influence on the neurotransmitter dopamine 
(OEHHA, 2007).” 

 
Excerpts on liver effects  
 
OEHHA (2007) 

• “There were several minor changes observed in clinical biochemistry parameters; 
the most notable was an increase in gamma glutamyl transferase (gamma-GT) in 
both sexes at the high dose (Table 3).  In females, this effect was dose-related 
between 46 and 224 ppm and did not return to control levels upon cessation of 
exposure.  Additionally, there was a decrease in serum lactate dehydrogenase 
(LDH) observed in females at 86 and 224 ppm, which did not resolve during 
recovery.  There was an increase in absolute and/or relative liver weight in rats of 
both sexes.  Taken together, these data suggest that the female rat is more 
sensitive to the actions of D5 on the liver. 

• “…in F0 females the 10% increase in liver weight at 160 ppm was significantly 
different from controls ” (from Siddiqui et al., 2007) 
 

OEHHA (2008a) 
 

• “…OEHHA noted that there were effects in rat liver after 3 months of D5 
exposure, including increased liver weight and increased levels in serum of the 
liver enzyme gamma-glutamyl transferase (Burns-Naas et al., 1998).  These are 
not always adaptive responses but rather indicators of cellular toxicity.  In the 2-
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year chronic study (Dow Corning, 2005b) there were some sporadic increases of 
enzymes in the serum.  In female rats exposed to 160 ppm D5 there was a 37% 
increase in GGT activity at 3 months and a 132.8% increase at 12 months.” 

• “We are not aware of data on the effect(s) of D5 on human liver, but such effects 
cannot be ruled out.” 
 

Excerpts on nervous system effects 
 
OEHHA (2007) 

• “…there is still concern that D5 could be a dopamine agonist and result in other 
adverse effects in humans…Dopamine is a major neurotransmitter, involved in 
many brain functions and downstream physiological processes.  Dopamine has 
been demonstrated to affect brain neural architecture during development (Todd, 
1992; Swarzenski et al., 1994; Song et al., 2002).” 

•  “…the proposed mode of action of D5 involves central dopamine agonism.  Thus 
production of tumors at 160 ppm indicates dopamine agonism at this dose level.”  

• “Data described above indicate that brain levels of D5 in rats exposed to 160 
ppm D5 were approximately twice as high as corresponding blood levels.  This 
raises the possibility that in utero exposure to D5 could result in adverse effects 
on brain neural development.  Dopamine D2 receptors, with which D5 interacts, 
have a role in neurological disorders and mental illness (Ben-Jonathan and 
Hnasko, 2001; Seeman et al., 2006).” 
 

Excerpts on immune system effects 
 
OEHHA (2007): 
 

• Immune effects observed in lung studies : 
o "…in the two year study a statistically significant effect was increased lung 

foci, presumably sites of macrophage accumulation, in 13% of the females 
(8/60) at 160 ppm after 24 months (controls = 0%)."  

o "In a two-generation reproduction study of D5 by inhalation, Siddiqui et al. 
(2007) reported increased alveolar histiocytosis (minimal) in the F0 and F1 
rats....The increase was statistically significant in F0 and F1 females 
exposed to 160 ppm D5." 

• Immune and other effects via dopamine effects:  "Dopamine can activate 
dopaminergic receptors in normal human T-cells, and trigger the selective 
secretion of IL-10 and/or TNFα (Besser et al., 2005).  Assuming D5 has 
dopamine agonist properties, this could have detrimental consequences in 
various immunological diseases, injuries and cancers.” 
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• Immune and other effects via prolactin effects:  "Prolactin has been reported to 
affect a variety of other cells including human adipocytes (Asai-Sato et al., 2006; 
Nilsson et al., 2005), mouse adipocytes (Flint et al., 2006) rat cholangiocytes 
(Bogorad et al., 2006a, b), rat chondrocytes (Zermeno et al., 2006), human 
natural killer (NK) cells (Sun et al., 2004), developing human thymocytes 
(Carreno et al., 2005), and rat pancreatic islet cells (Amaral et al., 2004).” 

 
Persistence and potential bioaccumulation of D5 
 
Canada recently concluded that D5 is persistent in the environment, consistent with 
OEHHA’s evaluations (OEHHA, 2007; 2008a; 2008b).  While there is some conflicting 
information on bioaccumulation, D5 has been detected in fish and other aquatic 
species.  This provides empirical evidence for D5’s potential accumulation in living 
organisms.  After evaluating OEHHA’s reports as well as submissions from SEHSC, the 
Scientific Guidance Panel for the California Environmental Contaminant Biomonitoring 
Program recommended it as a priority chemical for biomonitoring in California. 
 
Relevant excerpts 
 
OEHHA (2007):  
 

• “Concerns exist for the environmental persistence of D5, which is highly 
lipophilic, has been measured in aquatic species in a number of environments, 
and has a long half-life in human tissues.” 

• “D5 has been detected in human adipose tissue and breast milk, and in fish. 
Animal experiments have also shown that siloxane residues, including 
unchanged D5, are persistent in a variety of tissues for extended periods after 
exposure.  Based on the log Kow, BCF, detection in biota and experimental data 
showing residues, OEHHA considers D5 to be a persistent substance.” 

• “…in the Rhine River in Germany, D5 has been detected in fish up to 1 mg/kg (1 
ppm) and in eels up to 2.6 mg/kg (Mait, 2005).  D5 was also detected in aquatic 
organisms in the Nordic siloxane screening study (Norden, 2005). D5 was the 
predominant cyclosiloxane found in both fish livers and marine mammals. D5 
concentrations in freshwater and marine fish from urban areas and near STPs 
ranged from < 5 - 84 ng/g wet weight (ww). One sample of cod liver (9 pooled 
livers) collected near a Norwegian city center had a D5 concentration of 2,200 
ng/g ww. D5 was also detected in the blubber of seals and pilot whales at 
concentrations ranging from <5 - 24 ng/g ww.  Environment Canada (2007) 
concluded that since concentrations of D5 in Nordic waters were <5 μg/L, except 
for STP influents, the detection of D5 in biota indicated that D5 has the potential 
to bioaccumulate.” 
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OEHHA (2008a): 
 

• “D5 theoretically has significant bioaccumulative potential based on its high 
bioconcentration factor (BCF).  In the environment, D5 has been measured in 
several aquatic species at ppm concentrations.  Its half-life in humans is 
measured in weeks, not in hours.  Pharmacokinetic model results predict that it 
may take a year to reach steady state in fat tissue.  Thus, D5 persistence in the 
environment and in animal and human tissues is a concern.” 

• “OEHHA’s concern about D5 as an environmental contaminant is based primarily 
on environmental sampling which has indicated accumulation in wildlife, including 
fish (Mait, 2005; Norden, 2005).  More widespread and intensive use of D5 could 
therefore result in human exposure via the consumption of fish. This concern 
persists regardless of any experimental data, which may or may not help 
understand the details of the environmental fate and transport of D5.” 
 

Environment & Health Canada (2008): 
 

• Persistence: “Therefore, D5 has been determined to meet the persistence 
criterion as set out in the Persistence and Bioaccumulation Regulations.” 

o Air: “…atmospheric half-lives of more than 3 days.  D5 has the potential to 
be transported over long-distances in the atmosphere.” 

o Water:  “The hydrolysis half-lives for D5 under Canadian water conditions 
ranged from 1 to 733 days, indicating the substance is persistent under 
certain Canadian water conditions, especially in cooler and neutral water 
(5-10ºC).” 

o Sediment:  “D5 is also judged to be persistent in sediment, with half-lives 
of 49 to 588 days estimated under realistic Canadian sediment conditions 
(temperature of 5-25ºC) based on information to structurally similar 
analogue, D4, indicating the substance may be persistent in sediment.”  

o Soil:  “D5 is not considered persistent in soil, based on evidence of clay-
catalysed degradation, with dimethylsilanediol being the stable hydrolysis 
product.” 
 

• Bioaccumulation: “Therefore, while D5 has the potential to accumulate in biota, it 
is not possible to conclude at this time that D5 meets the criterion for 
bioaccumulation as set out in the Persistence and Bioaccumulation Regulations 
based on consideration of the conflicting evidence from laboratory studies and 
predictive models.” 

o “The empirical bioconcentration factor and modelled bioaccumulation 
factor are both above 5000, indicating D5 may have a high potential to 
accumulate in aquatic organisms.  However, data from a biomagnification 
study in fish and a biota-sediment accumulation study in invertebrates 
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suggest that the bioaccumulation potential of D5 may be lower, possibly 
due to reduced bioavailability.  
 

United Kingdom Environment Agency (2009) 
 

• "D5 meets the screening criteria for very persistent and very bioaccumulative 
(vPvB substances), but some mitigating factors and uncertainties need to be 
considered further.  In particular, the substance is expected to be lost from water 
by volatilization to the air, where subsequent degradation occurs.” 
 

Predictions from PBT Profiler – “orange” or “red” designations indicate that specific U.S. 
Environmental Protection Agency criteria have been exceeded.  Results for D5 are 
given below: 
 

• Persistence - “red” level of concern 
• Bioaccumulation - “orange” level of concern 
• Toxicity - “red” level of concern for chronic toxicity to fish 

 
Concluding remarks 
 
SF Environment’s hazard evaluation of D5 is consistent with OEHHA’s findings on the 
human health and environmental concerns associated with this solvent.  The contents 
of this memorandum, along with any updates for D5 and information on the human 
health and environmental hazards of other garment cleaning solvents, will be included 
in our final report to SF Environment.  Please feel free to contact me at (510) 622-3224 
if you have further questions. 
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