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AICIS evaluation statement  
Subject of the evaluation 
Musk tibetene and a structural analogue 

Chemicals in this evaluation 

Name CAS registry number 
Benzene, 1-(1,1-dimethylethyl)-3,4,5-
trimethyl-2,6-dinitro- 145-39-1 

Benzene, 3-(1,1-dimethylethyl)-1,5-
dimethyl-2,4-dinitro- 84434-22-0 

Reason for the evaluation 
Evaluation Selection Analysis indicated a potential environmental risk. 

Parameters of evaluation 
The chemicals are listed on the Australian Inventory of Industrial Chemicals (the Inventory). 
These chemicals have been assessed for their risks to the environment according to the 
following parameters: 

• for the industrial uses listed in the ‘Summary of Use’ section 
• release primarily to sewage treatment plants as a result of their industrial uses. 

 
These chemicals have been assessed as a group as they are structurally similar and are 
expected to be released to the environment from similar use patterns. 

Summary of evaluation 

Summary of introduction, use and end use 

There is currently no specific information about the introduction, use and end use of the 
chemical in Australia.   

Available information indicates that musk tibetene was used as a fragrance ingredient in a 
range of consumer products worldwide including: 

• laundry and dishwashing products 
• cleaning and furniture care products 
• air freshener products 
• cosmetic and personal care products 
• automotive care products. 
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Although information indicates that the use of musk tibetene as a fragrance ingredient is 
declining due to international restrictions, there is evidence that the chemical may still be in 
limited use. 

No domestic use or introduction information was identified for 
3-(1,1-dimethylethyl)-1,5-dimethyl-2,4-dinitrobenzene (DMMT, the analogue of musk 
tibetene). This compound appears predominately as an impurity in musk xylene (CAS RN 
81-15-2), for which the use does not greatly differ from the use of musk tibetene. 

Environment 

Summary of environmental hazard characteristics 

According to domestic environmental hazard thresholds and based on the available data the 
chemicals are: 

• Persistent (P) 
• Bioaccumulative (B) 
• Toxic (T). 

Musk tibetene and DMMT are closely related to other nitromusk substances and are 
expected to have similar hazard characteristics. The parent chemicals are persistent and 
bioaccumulative, with difficult to predict toxicity characteristics. They are expected to partially 
degrade to amine-containing metabolites, which are expected to be persistent, 
bioaccumulative and toxic based on a combination of read across and standard quantitative 
structure activity relationships (QSAR) modelling. 

Musk tibetene may have the characteristics of a Persistent Organic Pollutant (POP) under 
the criteria in paragraph 1 of Annex D of the Stockholm Convention on Persistent Organic 
Pollutants (the Stockholm Convention).  

Environmental hazard classification 

The chemicals satisfy the criteria for classification according to the Globally Harmonised 
System of Classification and Labelling of Chemicals (GHS) for environmental hazards 
(UNECE 2017). This evaluation does not consider classification of physical hazards and 
health hazards. 

Environmental Hazard Hazard Category Hazard Statement 

Hazardous to the aquatic 
environment (long-term) Aquatic Chronic 4 

H413: May cause long 
lasting harmful effects to 
aquatic life 

Insufficient acute and chronic toxicity data suitable for classification are available to classify 
the chemicals as they are poorly soluble in water. Therefore, according to the GHS guidance 
on classification of aquatic hazards (4.1.2.2), the long term aquatic hazards of the chemicals 
are classified as Category Chronic 4 (i.e., the “safety net” classification) (UNECE 2017).  
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Summary of environmental risk 

Musk tibetene has historical uses as a fragrance ingredient in personal care and other 
domestic products. DMMT is present as an impurity in products containing other nitromusk 
fragrances. Based on their historical uses, both chemicals would be expected to be disposed 
to wastewater and released to the environment through sewage treatment plant (STP) 
effluents and derived biosolids. The chemicals are expected to undergo biotransformation in 
anaerobic areas of the STP to amino-metabolites. 

Both chemicals are persistent, bioaccumulative and toxic according to domestic PBT criteria. 
PBT chemicals may become widely dispersed environmental contaminants, with potential for 
unpredictable adverse effects on environmental organisms. Therefore, PBT chemicals are 
considered to be highly hazardous to the environment. 

The global use of musk tibetene is expected to be low due to regulatory action in a number of 
jurisdictions and phase outs by industry groups. While there remains some evidence of 
contemporary use of musk tibetene, there is no evidence of active use of musk tibetene or 
DMMT in Australia. If information becomes available to indicate that environmental exposure 
is occurring in Australia from introduction and use of these chemicals, a further evaluation of 
the risks would be required. 

Proposed means for managing risk 

Inventory listing  

To manage the risks to environment from the introduction and use of the chemicals, the 
Inventory listings for Benzene, 1-(1,1-dimethylethyl)-3,4,5-trimethyl-2,6-dinitro- (musk 
tibetene; CAS RN 145-39-1) and Benzene, 3-(1,1-dimethylethyl)-1,5-dimethyl-2,4-dinitro- 
(DMMT; CAS RN 84434-22-0) should be varied under Section 86 of the Industrial Chemicals 
(IC) Act 2019. 

Term of listing Details 

Specific requirements to provide information 
to the Executive Director under Section 101 
of the IC Act 

 

Obligations to provide information apply. 
You must tell the Executive Director the 
volume of introduction, use and end use of 
the chemical within 20 working days if: 

• the chemical is being introduced for 
uses other than research and 
development 
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Conclusions 
The conclusions of this evaluation are based on the information described in this statement.  

Given the limited expected introduction and use of the chemicals in Australia, the Executive 
Director is satisfied that the environmental risks identified in this Evaluation Statement can be 
managed. This is provided that all requirements are met under environmental, workplace 
health and safety, and poisons legislation as adopted by the relevant state or territory and 
the proposed means of managing risks are implemented.  

However, these chemicals are persistent, bioaccumulative and toxic (PBT) and as such it is 
important that the introduction and use of such highly hazardous chemicals in Australia are 
known so that the risks can be appropriately managed. Therefore, a variation to the term of 
the listing for these chemicals, to add a specific requirement to provide information, is 
necessary to manage the risks from introduction of the chemicals (see Proposed means of 
managing risk). 

Note: Obligations to report additional information about hazards under  
Section 100 of the IC Act 2019 apply. 
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Supporting information 
Grouping rationale 
This evaluation considers the environmental risks associated with the industrial uses of musk 
tibetene and its analogue, 2 structurally related nitrobenzenes with use in fragrances.  

Musk tibetene belongs to a larger group of substances called nitromusks, which were 
developed as synthetic alternatives to natural musk chemicals. The use of these chemicals is 
in decline worldwide as many members of the nitromusk group are considered chemicals of 
concern and their use has been regulated internationally. 

The evaluation selection analysis (ESA) of the chemicals in this group indicated a need to 
assess the scale of use in Australia, as current industrial uses of these chemicals are 
unknown. The ESA highlighted potential persistence, bioaccumulation and toxicity (PBT) 
hazard characteristics, which indicate a high concern for the environment. 

Environmental risks resulting from the use of nitromusk compounds as fragrance ingredients 
in Australia have previously been assessed under the former Inventory Multi-tiered 
Assessment and Prioritisation (IMAP) framework established by the former National 
Industrial Chemicals Notification and Assessment Scheme (NICNAS). An environment Tier II 
assessment for Nitromusks is available, which determined that 2 of the compounds, musk 
xylene (CAS RN 81-15-2) and musk moskene (CAS RN 116-66-5), have PBT characteristics 
(NICNAS 2014). 

The use of nitromusks such as musk tibetene is declining, and the chemicals are gradually 
being replaced by other synthetic musks, including macrocyclic musks (RPA 2008). AICIS 
has conducted risk assessments on ethylene brassylate and exaltone and related macrocylic 
musks which indicate the use of these replacements present a lower risk to the environment.  

Chemical identity 
Musk tibetene and its analogue, DMMT, are members of a group of fragrance chemicals 
known as nitromusks. Nitromusks are a group of structurally related, highly substituted 
aromatic substances with 2 or 3 nitro groups. Amongst the larger group of nitromusks, the 5 
most commercially relevant compounds are the nitrobenzenes musk xylene, musk ketone 
(CAS RN 81-14-1), musk tibetene and musk ambrette (CAS RN 83-66-9) and the nitroindane 
derivative musk moskene. 

Musk tibetene and DMMT have a common tert-butyl dinitrobenzene structure, with the only 
difference being that DMMT has one less methyl group. While musk tibetene is prepared 
through dinitration of the corresponding alkylated benzene precursor, (5-tert-butyl-1,2,3-
dimethylbenzene, CAS RN 98-23-7) (Gigante et al. 1995; Opdyke 1975), the analogue only 
appears to be generated as a by-product in the manufacture of nitromusks such as musk 
xylene, through incomplete reaction (Suzuki et al. 1999): 

 

https://www.industrialchemicals.gov.au/sites/default/files/Nitromusks_%20Environment%20tier%20II%20assessment.pdf
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Chemical name benzene, 1-(1,1-dimethylethyl)-3,4,5-trimethyl-2,6-dinitro- 

CAS RN 145-39-1 

Synonyms musk tibetene (MT) 
2,6-dinitro-3,4,5-trimethyl-tert-butylbenzene 
benzene, 1-(1,1-dimethylethyl)-3,4,5-trimethyl-2,6-dinitro- 
benzene, 1-tert-butyl-3,4,5-trimethyl-2,6-dinitro 

Structural formula 

 
Molecular formula C13H18N2O4 

Molecular weight (g/mol) 266.3 

SMILES CC1=C(C)C(=C(C(=C1C)[N+]([O-])=O)C(C)(C)C)[N+]([O-])=O 

Chemical description - 

 



 

Evaluation statement [EVA00040] 22 December 2022 Page 10  

 

Chemical name benzene, 3-(1,1-dimethylethyl)-1,5-dimethyl-2,4-dinitro- 

CAS RN 84434-22-0 

Synonyms desmethyl musk tibetene (DMMT) 
3-(1,1-dimethylethyl)-1,5-dimethyl-2,4-dinitrobenzene 
3-tert-butyl-1,5-dimethyl-2,4-dinitro-benzene 

Structural formula 

 
Molecular formula C12H16N2O4 

Molecular weight (g/mol) 252.27 

SMILES CC1=CC(=C(C(=C1[N+](=O)[O-])C(C)(C)C)[N+](=O)[O-])C 

Chemical description - 

Analogue chemicals 

The evaluation of musk tibetene and DMMT relies on data from analogue chemicals musk 
xylene and musk ketone. The chemical identity of these analogues is presented below for 
structural comparison only; these chemicals are not the subject of this evaluation: 
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Chemical name benzene, 1-(1,1-dimethylethyl)-3,5-dimethyl-2,4,6-trinitro 

CAS RN 81-15-2 

Synonyms musk xylene (MX) 
1-(1,1-Dimethylethyl)-3,5-dimethyl-2,4,6-trinitrobenzene 
5-tert-Butyl-2,4,6-trinitro-m-xylene 
benzene, 1-tert-butyl-3,5-dimethyl-2,4,6-trinitro 
musk xylol 

Structural formula 

 
Molecular formula C12H15N3O6 

Molecular weight (g/mol) 297.26 

SMILES C(C)(C)(C)c1c([N+](=O)[O-])c(C)c([N+](=O)[O-])c(C)c1[N+](=O)[O-] 

 

Chemical name ethanone, 1-[4-(1,1,-dimethylethyl)-2,6-dimethyl-3,5-dinitrophenyl]- 

CAS RN 81-14-1 

Synonyms musk ketone (MK) 
acetophenone, 4'-tert-butyl-2',6'-dimethyl-3',5'-dinitro 
 

Structural formula 

 
Molecular formula C12H16N2O4 

Molecular weight (g/mol) 294.3 

SMILES C(C)(=O)c1c(C)c([N+](=O)[O-])c(C(C)(C)C)c([N+](=O)[O-])c1C 
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Relevant physical and chemical properties 
The physical and chemical property data for musk tibetene and DMMT were retrieved from 
the databases included in the OECD QSAR Toolbox and PubChem, and the Convention for 
the Protection of the Marine Environment of the North-East Atlantic (the “OSPAR 
Convention”) report on nitromusks (LMC 2020; OSPAR Commission 2004; PubChem 2022). 
Calculated values were estimated using EPI Suite (US EPA 2017):  

Chemical Musk tibetene DMMT 

Physical form Solid Solid 

Melting point 135.5 °C (exp.) 128 °C (calc.) 

Boiling point 367.5 °C (calc.) 356 °C (calc.) 

Vapour pressure 5.22 × 10-4 Pa (calc.) 1.2 × 10-3 Pa (calc.) 

Water solubility 0.052 mg/L (exp.) 0.25 mg/L (calc.) 

Henry’s law constant 0.101 Pa·m3/mol (calc.) 0.094 Pa·m3/mol (calc.) 

Ionisable in the environment? No No 

pKa - - 

log Kow 5.0 (exp.) 4.6 (calc.) 

Limited experimental physical and chemical property data are available for musk tibetene or 
DMMT. Calculations suggest that DMMT will have similar properties to musk tibetene (US 
EPA 2017). 

Musk tibetene and DMMT are slightly volatile and very slightly soluble in water. The high 
logarithmic octanol-water partition coefficient (log KOW) values indicate that the compounds 
are highly lipophilic. 

Introduction and use 

Australia 

No specific Australian introduction, use and end use information has been identified. 

International 

Available information indicates that musk tibetene was used as a fragrance ingredient in a 
range of consumer products worldwide but use of the chemical is gradually being phased 
out. DMMT does not appear to have widespread industrial use and is likely to be present as 
an impurity in formulations containing musk xylene. 

Musk tibetene had an estimated annual European use volume of 800 kg in 1995, prior to its 
subsequent prohibition from use in cosmetic products in the European Union in 2000 
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(OSPAR Commission 2004). A survey of the Canadian industry in 2000 revealed that there 
was no declared Canadian use of musk tibetene at volumes 100 kg per annum or greater 
(Government of Canada 2008a). 

The International Fragrance Association (IFRA) prohibits its members from using musk 
tibetene as fragrance ingredients (IFRA 2022). Some personal care product companies 
report that they do not use nitromusks in their products (Gleason 2012; Unilever 2022). 

Available information indicates that the use of nitromusks as a fragrance ingredient is 
declining and that this group of chemicals is gradually being replaced by other synthetic 
musks such as polycyclic and macrocyclic musks (NICNAS 2019).  

Musk tibetene is registered as ‘active’ on the US EPA Chemical Substance Inventory, which 
indicates that it has recently been manufactured, imported or processed by industry in the 
USA (US EPA 2022). 

Historically, nitromusks were used as base notes in fragrance formulations due to their 
strong scent and fixative properties, whereby they act to bind other fragrance substances to 
surfaces such as fabrics and skin. Nitromusks were typically used in detergents, fabric 
softeners and conditioners, cleaning agents, air fresheners and car care products, and 
cosmetic products (soaps, shampoos and perfumes) (DeLima Associates ; Taylor et al. 
2014). Other uses involved are non-industrial applications as additives to fish baits, 
cigarettes (OSPAR Commission 2004; RPA 2008; SWECO 2010), and food (Daughton and 
Ternes 1999). Musk tibetene would have non-industrial uses as pesticide (Pang et al. 2006; 
Ramey et al. 1961) and as an excipient in medicines for topical use only (NICNAS 2019). 

Existing Australian regulatory controls  

Environment 

The use of the chemicals in this group is not subject to any specific national environmental 
regulations. 

International regulatory status 

United Nations 

The chemical is not currently identified as a Persistent Organic Pollutant (UNEP 2001), an 
ozone depleting substance (UNEP 1987), or hazardous substance for the purpose of 
international trade (UNEP & FAO 1998). 

Canada 

Musk tibetene was categorised as P, B, and iT (inherently toxic) during the Categorisation of 
the DSL (OECD 2022). The chemical is listed on the Canadian Domestic Substances List 
(DSL) and has been subject to CEPA Significant New Activity provisions since 2008 for any 
activity that involves more than 100 kg per annum (ECCC 2022; Government of Canada 
2008b). Musk tibetene is prohibited for use in cosmetic products in Canada (Health Canada 
2019). 
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European Union 

Musk tibetene and DMMT are not registered for use under the Registration, Evaluation, 
Authorisation and Restriction of Chemicals (REACH) legislation (ECHA 2022c). 

Musk tibetene is listed in Annex II of the European Union Cosmetic Products Regulation (EC) 
No 1223/2009 that contains substances which are banned from use in cosmetic products 
(European Commission 2022). Musk tibetene and DMMT are on the inventory for substances 
likely to meet the criteria of Annex III to the REACH Regulation, as the 2 chemicals are 
suspected of being a hazard to the aquatic environment, persistent in the environment, skin 
sensitisers and toxic for reproduction, and, in the case of musk tibetene, of being a mutagen 
(ECHA 2022a; ECHA 2022b). 

A European Union risk assessment report for the related nitromusk musk xylene concluded 
that this substance is very persistent and very bioaccumulative (vPvB) and is considered to 
be borderline T (EC 2011). 

Environmental exposure 
Nitromusks were historically used as fragrance ingredients internationally and are present in 
consumer products such as cosmetics, air fresheners, personal hygiene products and 
various household cleaning agents. Therefore, musk tibetene could potentially be found in 
consumer and commercial products available for use in Australia. 

Chemicals used in cosmetics, personal care and cleaning products are typically released to 
wastewater as a normal part of their use. Depending on degradation and partitioning 
processes of chemicals in sewage treatment plants (STPs), some fraction of the quantity of 
chemicals in wastewater entering STPs can be emitted to the air compartment, to rivers or 
oceans in treated effluent, or to soil through application of biosolids to agricultural land 
(Struijs 1996). The emissions of the chemicals in this group and their metabolites to 
environmental surface waters, sediment and soil are considered as part of this evaluation. 

Available information indicates that nitromusks are gradually being replaced by macrocyclic 
and polycyclic musk substances (Lores et al. 2018; Taylor et al. 2014). Despite musk 
tibetene being prohibited from use in cosmetics in the EU and in Canada, it was recently 
detected in STP sewage sludge collected during 2017–2019 in the Czech Republic (Košnář 
et al. 2021). While a 2018 analysis of commercially available cosmetic products in Europe 
did not detect any of the prohibited nitromusks (Lores et al. 2018), nitromusks may still be 
used in non-cosmetic formulations such as air fresheners, dishwashing liquids and car care 
products. 

DMMT appears predominately as an impurity in musk xylene (Suzuki et al. 1999). The use 
patterns of musk xylene do not differ greatly from those of musk tibetene. Therefore, the 
release patterns and fate of DMMT are expected to be similar to that of musk tibetene. 

Nitromusks degrade to highly toxic amine transformation products under anaerobic 
conditions in STPs. These metabolites are infrequently observed in STP influent but are 
often detected in sludge and effluent waters, frequently at higher concentrations than the 
parent nitromusks (Daughton and Ternes 1999; Herren and Berset 2000). Fish in an effluent 
receiving lake were shown to have large quantities of amine metabolites as compared to 
parent nitromusks (Osemwengie and Gerstenberger 2004). The metabolites form during STP 
biotransformation processes or as a result of metabolism in organisms and may be more 
toxic than the parent compounds (Daughton and Ternes 1999; Herren and Berset 2000). 
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Therefore, these metabolites must be taken into consideration as an important contributing 
factor to this evaluation. 

Environmental fate 

Partitioning 

Chemicals in this group are expected to partition to soil, sediment and water when released 
into the environment. 

Musk tibetene and DMMT are neutral organic chemicals that are very slightly soluble in water 
and slightly volatile. Estimated Henry's Law constants for the 2 chemicals (~ 0.1 Pa·m3/mol) 
indicate they will be moderately volatile from water and moist soil. Musk tibetene and its 
analogue are lipophilic chemicals with high log KOW values (4.6–5) and soil adsorption 
coefficients (KOC >5 000 L/kg) that indicate they will be immobile in soil and preferentially 
adsorb to phases in the environment with high organic carbon content (including sediment 
and soil) (OSPAR Commission 2004; PubChem 2022; US EPA 2017). 

Chemicals in this group are expected to be released to the soil and water compartments after 
treatment at STPs. These chemicals are released to surface waters in STP effluent as a 
result of not being degraded and released to the soil compartment through application of 
STP biosolid residues to land. Fugacity calculations (Level III approach) assuming equal 
release to the water, soil and air compartments (1000 kg/h) predict that the substances will 
predominately be found in soil (78.6–81.4%), some will partition to water (11–11.7%) and 
sediment (5.9–9.4%), and negligible quantities to air (0.9–1%) (US EPA 2017). 

According to calculations, the amine metabolite of musk tibetene will be slightly more water 
soluble and less volatile, but with a similar lipophilicity as the parent compound. The KOC 
value is expected to be lower, indicating increased mobility through soil. This suggests that 
the metabolite will adsorb to organic matter However it will increasingly be found in the water 
compartment. 

Degradation 

Chemicals in this group are expected to be persistent in the environment. They may also 
degrade to persistent metabolites in the environment.  

There are no identified ready biodegradability studies available for musk tibetene or DMMT. 
In silico biodegradation estimates suggest that ultimate degradation of these chemicals will 
be over a timescale of 10 years (LMC 2015). 

The chemicals in this group are expected to be resistant to biodegradation based on the 
measured half-lives of the closely related compounds, musk xylene and musk ketone. Musk 
xylene has been found not readily biodegradable in a study conducted in accordance with 
OECD Test Guideline (TG) 301C, with 0% biological oxygen demand (BOD) after 28 days 
(ECB 2005b). An inherent biodegradation test with musk ketone following OECD TG 302C 
gave the same result (0% BOD after 28 days) (ECB 2005a; REACH 2020). Musk tibetene is 
expected to be similarly resistant to biodegradation. 

Similar to related nitromusks, musk tibetene may undergo partial degradation by reduction of 
a nitro group to an amino group to form an amine-containing metabolite. It is known that 
microorganisms can reduce nitroaromatic compounds to anilines (Spain 1995). This is likely 
to occur in anaerobic compartments of STPs, and the corresponding 2- and 4-amino 
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derivatives of musk xylene and musk ketone have been detected in STPs (ECB 2005a; 
2005b). Some studies on nitromusks in sewage water and sludge found that where the 
parent compounds were effectively removed during sewage treatment processes, the levels 
of amine derivatives often increased (Daughton and Ternes 1999; Herren and Berset 2000). 
These metabolites are likely to be persistent in the environment (Gatermann Robert et al. 
1998; Herren and Berset 2000; Osemwengie and Steinberg 2001; Rimkus et al. 1999). 

The chemicals in this group are expected to degrade slowly in the atmosphere through 
reaction with photogenerated hydroxyl radicals. Calculations performed assuming a typical 
hydroxyl radical concentration of 1.5 x 106 molecules/cm3 and 12 hours of sunlight per day 
resulted in a half-life of 7.3 days for musk tibetene (US EPA 2017). An investigation of the 
photochemical behaviour of musk tibetene found that sunlight and UV irradiation of a 
suspension of the chemical in water produced 3 indole/indoline derivatives through 
cyclisation of a nitro and the tert-butyl group to form a cyclic N-oxide. The study found that 
13% of the chemical was phototransformed after 200 hours of irradiance with light from a 
solar simulator (Canterino et al. 2008). 

Bioaccumulation 

Chemicals in this group and their predicted metabolites are expected to bioaccumulate in 
aquatic organisms. 

Nitromusks, including musk tibetene, are lipophilic compounds with log Kow values of 4.3–5.3 
(OSPAR Commission 2004). The log Kow of 5 and 4.6 for musk tibetene and the analogue, 
respectively, indicates a potential to bioaccumulate in aquatic organisms and both values are 
above the domestic threshold for categorisation. The expected amine metabolite of musk 
tibetene has a calculated log Kow of 5.02, indicating a similar potential to bioaccumulate (US 
EPA 2017). 

Bioconcentration factor (BCF) values based on measured data are not available for musk 
tibetene or DMMT. Calculated values that assume different biotransformation rates are in the 
range of 133–6624 L/kg for musk tibetene and 259–3966 L/kg for DMMT (US EPA 2017). A 
BCF for musk tibetene based on wet weight and predicted from the Kow was quoted as 5100–
10200 for fish and 1020 for mussels (Beek 1999). 

Musk tibetene is likely to demonstrate similar bioaccumulation behaviour to the related 
chemical musk xylene. Reported measured BCF values for musk xylene are over 5000 L/kg 
(EC 2011) and 3250 L/kg (rice fish, Oryzias latipes, 12 weeks) (NITE 2022). Calculated 
values for musk xylene give a similar range as that calculated for musk tibetene (133–
6624 L/kg) (US EPA 2017). 

A Danish study conducted in 1999 found musk tibetene in farmed trout at 13.7 µg/kg fresh 
weight (Duedahl-Olesen et al. 2005). In studies with other musk compounds, high 
concentrations of musk substance (largely amine metabolites) in carp tissue relative to lake 
water were observed and attributed to bioconcentration. It was suggested that the 
accumulation occurred through exposure to lake sediments or suspended particulate matter 
(including algae) since carp are bottom feeders (Osemwengie and Gerstenberger 2004). 

The bioaccumulation behaviour of nitromusks appears to be species dependent. A study of 
different species of fish from a STP effluent pond determined bioaccumulation factors 
normalised to wet weight (BAFW) of between 290 (rudd fish)–40 000 (eel) for musk xylene 
and 60 (rudd fish)–1300 (eel) for musk ketone. While significant concentrations of amine 
metabolites were also found in the fish, no BAF values for these compounds were published 
(Gatermann R. et al. 2002). 
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Musk tibetene may biomagnify in food webs, but limited information on this behaviour is 
available. Musk tibetene was detected in polar bear liver (6 ng/g ww) in Greenland and the 
Faroe Islands (Vorkamp et al. 2004). Calculations have indicated the potential for the related 
chemical musk xylene to biomagnify in food webs of air breathing animals (Kelly et al. 2007).  

Environmental transport 

Chemicals in this group may undergo long-range transport. 

Environmental monitoring has identified nitromusks such as musk tibetene and musk xylene 
in sediment and fish from remote alpine lakes in pristine areas of Switzerland (Bogdal et al. 
2009; Schmid et al. 2007). Musk tibetene was detected in polar bear liver in Greenland 
(Vorkamp et al. 2004). The structurally related chemical musk xylene has been observed in 
dunlin (Calidris alpina) eggs laid in northern Norway after the annual return of these 
migratory birds from central Europe, suggesting that migratory species may play a role in the 
long range transport of nitromusks (Mattig et al. 2000). 

As the alpine and polar environments do not typically receive direct anthropogenic outputs, 
the data suggest the potential input of nitromusks to these regions by wet and gaseous 
deposition after transport of the chemicals through the atmosphere from distant emission 
sources (Schmid et al. 2007). This is supported by studies which have detected nitromusks 
in air (Kallenborn et al. 1999) and rainfall (OSPAR Commission 2004; Peters et al. 2008; 
SWECO 2010), and by the persistence of the chemicals in air.  

Predicted environmental concentration (PEC) 

Musk tibetene and DMMT have been identified as PBT substances. It is not currently 
possible to derive a safe environmental exposure level for the chemicals. Therefore, the 
environmental risks for these chemicals cannot be characterised in terms of a risk quotient 
(RQ). As such a predicted environmental concentration (PEC) has not been calculated. 

Noting that monitoring in surface waters may be difficult due to the chemicals low water 
solubility (Homem et al. 2015), musk tibetene is typically not found above detection limits or 
otherwise only in a minority of samples during international monitoring studies. 
Internationally, the chemical has been measured in STP influent, STP effluent, rainwater, 
and surface water. Musk tibetene has also been detected in STP sludge and particulates, 
and in some catchment sediments. 

In cases where musk tibetene was quantified in water, concentrations up to 1 ng/L and 0.7 
ng/L (STP influent and effluent respectively, Switzerland), 10 ng/L (rainwater) and 640 ng/L 
(surface water, Switzerland) have been reported (Dimitriou-Christidis et al. 2015; OSPAR 
Commission 2004; SWECO 2010). In sludge and other particulate matter, musk tibetene was 
found at concentrations up to 68.9 µg/kg dry weight (dw) in STP sludge samples collected in 
the Czech Republic (Košnář et al. 2021), and at 67.2 µg/kg dw (mean) in digested biosolids 
in an earlier Canadian study (Smyth et al. 2007). Another study found 0.42 µg/kg dw of musk 
tibetene present in sediment of an urban catchment in Singapore (Wang and Kelly 2017). 
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Environmental effects 

Effects on Aquatic Life 

Musk tibetene has a very low water solubility. Therefore, the reliability of aquatic toxicity data 
is unclear. This is particularly the case for acute studies conducted under static exposure 
conditions and studies which report nominal concentrations of the test substance. 

Chemicals in this group are expected to undergo transformation under anaerobic conditions 
of the STP to form amine degradants that are more water soluble and more toxic to aquatic 
organisms than parent compounds (Daughton and Ternes 1999). Therefore, in addition to 
acute toxicity values for parent compounds, calculated values for their metabolites are 
presented below. 

Acute toxicity 

The following measured median lethal concentration (LC50) and effective concentration 
(EC50) values for (a) musk tibetene in model organisms across 3 trophic levels were 
retrieved from the scientific literature (NITE 2022; Schramm et al. 1996). Calculated values 
for (a) musk tibetene and (b) DMMT were estimated using EPI Suite (US EPA 2017):  

Taxon Endpoint Method 

Fish 
(a) 96 h LC50 ≥0.045 mg/L 

Experimental 
Unreported fish species 
Nominal value 
OECD TG 203 

(a) 96 h LC50 = 0.44 mg/L* 

(b) 96 h LC50 = 0.96 mg/L* 
Calculated 
Neutral Organics SAR 

 
Invertebrate 

(a) 48 h EC50 ≥0.052 mg/L 

Experimental 
Daphnia magna (water flea) 
OECD TG 202; Static  
Nominal Value 
No effects observed 

(a) 48 h LC50 = 0.33 mg/L* 

(b) 48 h LC50 = 0.69 mg/L* 
Calculated 
Neutral Organics SAR 

 
Algae 

(a) 72 h EC50 ≥0.052 mg/L 

Experimental 
Scenedesmus subspicatus 
(green algae) 
OECD TG 201; Static 
Nominal Value 
No effects observed 

(a) 96h EC50 = 0.78 mg/L* 

(b) 96h EC50 = 1.39 mg/L* 
Calculated 
Neutral Organics SAR 

* Denotes an endpoint greater than the water solubility of the chemical 

Available acute ecotoxicity studies of musk tibetene found no toxic effects up to the limit of 
solubility (0.052 mg/L). No experimental ecotoxicity data were found for DMMT. The 
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estimated endpoints are also greater than the measured and estimated solubility limits of 
both chemicals. 

Since the amine metabolites of nitromusks are more water soluble than the parent 
compounds and may be highly toxic (Daughton and Ternes 1999) the acute toxicity 
endpoints for (c) 2-amino musk tibetene and (d) 2-amino DMMT were estimated using EPI 
Suite and are listed below (US EPA 2017): 

Taxon Endpoint Method 

Fish 
(c) 96 h LC50 = 0.37 mg/L 

(d) 96 h LC50 = 1.09 mg/L 
Calculated 
Neutral Organics SAR 

Invertebrate 
(c) 48 h LC50 = 0.28 mg/L 

(d) 48 h LC50 = 0.78 mg/L 
Calculated 
Neutral Organics SAR 

Algae 
(c) 96 h EC50 = 0.66 mg/L 

(d) 96 h EC50 = 1.49 mg/L 
Calculated 
Neutral Organics SAR 

According to this modelling, 2-Amino musk tibetene and 2-amino-DMMT are similarly or 
more toxic than the parent compounds at all trophic levels. The estimated toxicity endpoints 
for both chemicals are consistent with measured values for 4-amino musk xylene, which has 
reported EC50 values of 0.37–0.51 mg/L for invertebrates (Daphnia magna) (ECB 2005b). 

Chronic toxicity 

There are no chronic toxicity data available for chemicals in this group. 

Effects on terrestrial Life 

There are no suitable data available to evaluate the effects of these chemicals on terrestrial 
organisms. Endpoints from related chemicals indicate that they may be slightly toxic to 
terrestrial invertebrates. 

Tests examining toxicity endpoints for earthworms showed that musk xylene causes no 
changes to survival rate up to the highest test concentration of 50 mg/kg dw (14 day, artificial 
soil, OECD TG 207). For musk ketone, a 56 d NOECreproduction of 32 mg/kg dw was observed 
for earthworms (Eisenia foetida, ISO/DIS 11268-2), and a 28 d NOECreproduction of 100 mg/kg 
dw for springtails (Folsomia candida, ISO/CD 11267 draft 1996) (ECB 2005a; 2005b). 

The amine metabolites of nitromusks are more water soluble than the parent compounds and 
may be highly toxic (Daughton and Ternes 1999) to soil invertebrates as well. Aside from 
STP effluents and sludge, amine transformation products have also been observed as 
metabolic products in mammals (Herren and Berset 2000). 

Effects on sediment dwelling life 

There are no suitable data available to evaluate the effects of musk tibetene and DMMT on 
sediment-dwelling organisms. 
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Endocrine effects/activity 

The potential for some nitromusks (and their amine metabolites) to cause chronic toxic 
effects in some organisms through oestrogen receptor binding pathways has been noted in 
the past (Taylor et al. 2014). However, insufficient data are currently available to evaluate the 
potential for this to cause adverse outcomes in organisms exposed to these substances in 
the environment. 

Predicted no-effect concentration (PNEC) 

Musk tibetene and DMMT are expected to be highly bioaccumulative and environmentally 
persistent chemicals. These hazard characteristics combined have the potential to result in a 
range of long term effects on organisms exposed to these chemicals which cannot be readily 
identified through standard toxicity testing. For such chemicals, it is not currently possible to 
estimate a safe exposure concentration using standard extrapolation methods based on 
laboratory screening level tests. Therefore, PNECs have not been derived for these 
substances. 

Categorisation of environmental hazard 
The categorisation of the environmental hazards of the assessed chemical according to 
domestic environmental hazard thresholds is presented below (EPHC 2009). 

Persistence 

Persistent (P). Based on estimated degradation data and read across results from chemicals 
structurally related to musk tibetene, DMMT, and their predicted degradants, musk tibetene 
and DMMT are categorised as Persistent. 

Bioaccumulation 

Bioaccumulative (B). Based on calculated bioconcentration factors (BCF) in fish and log Kow 
values for the chemicals and their predicted degradants, musk tibetene and DMMT are 
categorised as Bioaccumulative. 

Toxicity 

Toxic (T). Based on the calculated acute ecotoxicity endpoints below 1 mg/L obtained for the 
predicted degradants, musk tibetene and DMMT are categorised as Toxic. 

Environmental risk characterisation 
Musk tibetene and DMMT have been identified as PBT substances. It is not currently 
possible to derive a safe environmental exposure level for the chemicals. Therefore, the 
environmental risks for these chemicals cannot be characterised in terms of a risk quotient 
(RQ). 

Due to their persistence, PBT chemicals have the potential to become widely dispersed 
environmental contaminants. Once in the environment, persistent chemicals that are also 
highly bioaccumulative pose an increased risk of accumulating in exposed organisms and of 
causing adverse effects. They may also biomagnify through the food chain resulting in very 
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high internal concentrations, especially in top predators. Importantly, it is difficult or 
impossible to reverse the adverse effects of PBT chemicals once they have been released to 
the environment. As a result, these chemicals are considered to be of high concern for the 
environment. 

No current industrial use of musk tibetene and DMMT has been identified in Australia; 
however, there is evidence of ongoing use in some countries based on their regulatory status 
and international chemical monitoring.  

Uncertainty 

This evaluation was conducted based on a set of information that may be incomplete or 
limited in scope. Some relatively common data limitations can be addressed through use of 
conservative assumptions (OECD 2019) or quantitative adjustments such as assessment 
factors (OECD 1995). Others must be addressed qualitatively, or on a case by case basis 
(OECD 2019). 

The most consequential areas of uncertainty for this evaluation are: 

• No domestic monitoring data are available for musk tibetene and DMMT in surface 
waters or soil. The risk profile may change should domestic monitoring data become 
available. 

• There is only limited experimental information available for musk tibetene and DMMT. 
Due to the lack of test data, calculations and read across comparisons with related 
nitromusks such as musk xylene and musk ketone were necessary. In particular, the 
lack of chronic toxicity test data is a consequential area of uncertainty. Persistent and 
bioaccumulative chemicals that are also poorly soluble typically demonstrate adverse 
effects over long exposure timeframes and low exposure concentrations. The toxic 
effects of the chemicals in this group may be underestimated in this evaluation, and 
re-evaluation may be required if new data were to be identified.  

• Monitoring studies where low/no concentrations of musk tibetene were observed may 
not be reliable as the chemicals are difficult to detect using normal HPLC 
methodologies. A publication suggested that compounds may have low sampling 
efficiency due to their log Kow value. As a result, low levels of musk tibetene were 
detected using one HPLC method but not another one (Dimitriou-Christidis et al. 
2015). Other factors such as extraction temperature and mode can also cause 
variations amongst results (Polo et al. 2007). Therefore, environmental distribution of 
musk tibetene could be wider than indicated in this evaluation. 

• Musk tibetene has been prohibited for use in cosmetics in the EU from the year 2000 
but was still detected in environmental samples as recently as 2017–2019. Although 
the rate of detection and concentrations of the substance in samples are relatively 
low, musk tibetene appears to still be in circulation and contributes to environmental 
concentrations. There is uncertainty whether this is the result of the use of existing 
products (from before prohibitions came into effect) or whether products using musk 
tibetene are currently being manufactured. 
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