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Synthetic Polycyclic Musks 
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Biomonitoring California1 

Agenda Item:  “Potential Designated Chemicals” 

Introduction 
 
At the November 8, 2012 meeting of the Scientific Guidance Panel (SGP), the Panel 
reviewed screening materials on various classes of synthetic musks and a structurally 
related aroma chemical (Iso E Super®).  The Panel requested that Biomonitoring 
California prepare documents on these aroma chemicals to support their consideration 
as potential designated chemicals for Biomonitoring California.  The current document 
focuses on the class “synthetic polycyclic musks.”   
 
The document reviews information relevant to the criteria for designating chemicals, as 
specified in Health and Safety Code section 105449:   
 

• Exposure or potential exposure 
• Known or suspected health effects 
• Need to assess efficacy of public health actions to reduce exposure to a 

chemical 
• Availability of a biomonitoring analytical method 
• Availability of adequate biospecimen samples 
• Incremental analytical cost. 

 
Synthetic polycyclic musks are aroma chemicals that emulate the fragrance produced 
by natural musks.  They are used in perfumes, personal care products such as body 
lotions and creams, deodorants, shower gels, and hair products and in household 
products like furniture polish, laundry detergent and fabric softener (Reiner and Kannan, 
2006; Roosens et al., 2007).  Data cited by Peck and Hornbuckle (2006) indicate that 
global use of polycyclic musks doubled from 1987 to 2000.  This increase paralleled a 
decrease in the use of nitro musks, which by 2000 had dropped to less than one-third 
compared to use in 1987.  Although use of polycyclic musks appears to have declined 
in Europe, the same decline has not occurred in the U.S. (IFRA, 2013).   
 

                                                           
1 California Environmental Contaminant Biomonitoring Program, codified at Health and Safety Code 
section 105440 et seq. 
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Two synthetic polycyclic musks are highlighted in the current document:   
• 1,3,4,6,7,8-Hexahydro-4,6,6,7,8,8-hexamethylcyclopenta[g]-2-benzopyran 

(HHCB; Galaxolide® is a trade name) 
• 7-Acetyl-1,1,3,4,4,6-hexamethyltetrahydronaphthalene  

[1-(5,6,7,8-Tetrahydro-3,5,5,6,8,8-hexamethyl-2-naphthalenyl)ethanone] 
(AHTN; Tonalide® is a trade name) 

 
A table of other synthetic polycyclic musks is provided at the end of the document.  
 
Chemical-specific data on exposure and factors related to the potential for biomonitoring 
are summarized in the sections on HHCB and AHTN later in the document.  Known or 
suspected health effects, analytical considerations, and the need to assess public 
health actions are discussed for the class of synthetic polycyclic musks as a whole in 
the following sections.  
 
Known or suspected health effects: 

Christian et al. (1999) studied the developmental toxicity of HHCB, AHTN and other 
fragrance compounds in rats.  Pregnant Sprague-Dawley rats (25/group) received 
gavage doses of 0 (corn oil), HHCB (50, 150 or 500 milligrams per kilogram body weight 
per day [mg/kg-d]) or AHTN (5, 15 or 50 mg/kg-d) on days 7 through 17 of gestation.  
The authors identified a maternal no observed adverse effect level (NOAEL) of 50 
mg/kg-d and 5 mg/kg-d for HHCB and AHTN, respectively, based on reduced weight 
gain, feed consumption and/or clinical signs of toxicity.  They identified a developmental 
NOAEL of 150 mg/kg-d and 50 mg/kg-day for HHCB and AHTN, respectively.  For 
HHCB, the NOAEL was based on the observation of skeletal malformations in the 500 
mg/kg-d dose group.  Mean body weights of live fetuses were reported to be 
significantly decreased by HHCB (500 mg/kg-d) and AHTN (5 and 50 mg/kg-d), but the 
authors discounted these effects based on consideration of “severity, dosage-
relationships, and historical ranges of the laboratory.”  Christian et al. (1999) concluded 
that “under conditions of normal use, the fragrances tested are not considered to pose a 
risk to human conceptuses.”  The European Commission (EC, 2008a, b) reviewed a 
submitted study report, which contained more complete data than the publication, and 
also concluded that this study did not provide evidence of developmental toxicity for 
either HHCB or AHTN. 

There are indications of endocrine activity in a number of studies (see for example:  
Bitsch et al., 2002; Schreurs et al., 2002, 2005; Simmons et al., 2010; Mori et al., 2007) 
and other biological activity, summarized below.   
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Studies related to endocrine effects 

Most of the studies of endocrine activity have focused on HHCB and/or AHTN but some 
studies have looked at other polycyclic musks as well. Some studies have reported 
weak estrogenic activity.  In an estrogen receptor (ER) competitive binding assay, both 
HHCB and AHTN bound to both ERα and ERβ, although with low affinity (Schreurs et 
al., 2002).  Several studies reported that in cell-based reporter gene assays HHCB, 
AHTN and other polycyclic musks slightly stimulated ER-mediated transcriptional 
activity (Mori et al., 2007; Schreurs et al., 2002; Seinen et al., 1999).  In one study, 
Seinen et al. (1999) reported that both HHCB and AHTN induced a slight but dose-
dependent increase in transcriptional activity; however, neither musk was positive in the 
mouse uterotropic assay.  In the E-screen cell proliferation assay, Bitsch et al. (2002) 
reported that AHTN, but not HHCB, significantly increased cell proliferation, an indicator 
for estrogenicity. 

Several polycyclic musks have been found to possess anti-estrogenic activity (Schreurs 
et al., 2002; 2004; 2005; Simmons et al., 2010).  HHCB and AHTN inhibited estrogen-
induced transcriptional activation of both human and zebrafish ERs in vitro in a reporter 
gene assay and in vivo in transgenic zebrafish (Schreurs et al., 2004).  In a study in 
rainbow trout, Galaxolide® decreased estrogen-induced plasma vitellogenin (Simmons 
et al., 2010). 

Several polycyclic musks (HHCB, AHTN, AETT2 and AHMI) suppressed androgen- and 
progesterone-induced transcriptional activity as well as estrogen-induced activity 
(Schreurs et al., 2005).  Although antagonistic effects on transcriptional activation of 
estrogen and androgen receptors were considered weak compared to known 
antagonists, two polycyclic musks, AHTN and AHMI, were progesterone receptor (PR) 
antagonists at nanomolar concentrations (20 nM), although antagonistic effects on 
transcriptional activation of estrogen and androgen receptors were considered weak 
compared to known antagonists.  Other environmental contaminants that have been 
shown to act like PR antagonists include DDT and its metabolites, 4-tert-octylphenol, 
and 4-nonylphenol (as reported in Schreurs et al., 2005).  

Li et al. (2013) reported that HHCB and AHTN significantly decreased progesterone and 
cortisol synthesis in a human adrenocortical carcinoma cell line.  These authors report 
that HHCB and AHTN down-regulate expression of enzymes in the synthetic pathways 
for these hormones – for progesterone, 3β-hydroxysteroid dehydrogenase and for 
cortisol, a cytochrome P450 isozyme, steroid 21-hydroxylase (CYP21).   

                                                           
2 The table at the end of this document provides full names and other details on polycyclic musks other 
than HHCB and AHTN. 
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Other biological activity 
 
Shi et al. (2013) studied gene expression in mouse embryonic stem (ES) cells after 
exposure to AHTN.  The study, conducted using microarray analysis and validated by 
polymerase chain reaction analysis, found that AHTN caused changes in the activation 
of certain signaling pathways, such as mitogen-activated protein kinases (MAPK) 
signaling pathway.   

Four polycyclic musks (HHCB, AHTN, ADBI, ATII) were tested for their ability to inhibit 
multidrug efflux transporters in the gill tissue from marine mussels (Luckenbach and 
Epel, 2005).  Each of the tested musks inhibited transporter activity.  Inhibition of 
transporter activity for some of the musks continued after the two hour exposure period 
ended, with inhibition still statistically significant 24 hours after exposure was 
terminated.  The study also reported that inhibitory effects were additive, with lower 
concentrations of several different musks causing the same degree of inhibition as did a 
higher concentration of a single musk.  The authors noted that multi-drug efflux 
transporters are widely distributed in mammalian tissue.  

Schnell et al. (2009) reported that Galaxolide® and Tonalide® (referred to by the 
authors as “galaxolide and tonalide”) inhibited Phase 1 and Phase 2 metabolism in in 
vitro studies using enzymatic systems from carp.  Cytochrome P-450 activity was 
inhibited in hepatic (CYP3A) and ovarian (CYP19) microsomes and testicular (CYP17 
and CYP11β) mitochondria.  Galaxolide® and Tonalide® also significantly inhibited 
sulfation of estrogen in carp hepatic cytosol.   

Need to assess efficacy of public health action  
 
Measuring polycyclic musks would help the Program determine whether these 
chemicals are found in California residents and at what levels.  Biomonitoring will also 
allow the Program to track whether levels of polycyclic musks decrease with the 
increase in use of newer synthetic musks.   
 
Availability of a biomonitoring analytical method 

Analytical methods for measuring polycyclic musks in plasma, serum, breast milk and 
adipose tissue are available in the published scientific literature.  Commercial standards 
are available for HHCB, AHTN, and several other synthetic polycyclic musks.  The 
Program laboratory3 would likely analyze serum samples with gas chromatography 
tandem mass spectrometry (GC-MS/MS) instrumentation, using electron ionization (EI) 
and multiple reaction monitoring (MRM).  
                                                           
3Environmental Chemistry Laboratory (ECL) of the Department of Toxic Substances Control (DTSC) 
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1,3,4,6,7,8-Hexahydro-4,6,6,7,8,8-hexamethylcyclopenta[g]-2-benzopyran 

 
HHCB 

 
CASRN 1222-05-5 

  

O

 

 
Exposure or potential exposure to the public or specific subgroups: 

HHCB has been detected in a number of personal care products such as perfumes, 
body lotions and creams, deodorants, and shower products (e.g., soaps, shampoos and 
conditioners).  HHCB has also been detected in household items like furniture polish, 
laundry detergent, and fabric softener.  Reiner and Kannan (2006) analyzed 60 
consumer products from the U.S. (New York) and found HHCB at high levels in 
personal care products:  In one perfume sample (body splash) the level of HHCB was 
4990 microgram per gram (µg/g).  In body lotions and creams, levels were as high as 
3740 µg/g, with an average of 1220 µg/g (n=7) and in deodorants, one sample 
contained 2250 µg/g product, with an average concentration of 737 µg/g (n=4).  One 
shaving cream sample contained 1230 µg /g product.  Reiner and Kannan (2006) also 
analyzed for HHCB in some cleaning products.  Examples, with highest concentrations 
noted in parentheses, are:  furniture polish (646 µg/g), laundry detergent (84.9 µg/g), 
fabric softener (0.966 µg/g), disinfecting wipes (0.786 µg/g) and liquid bleach (326 
µg/g).  HHCB-lactone, a HHCB oxidation product, was found in many products that 
contained HHCB.  For example, one sample of body cream contained 217 µg HHCB-
lactone /g product. 

Import/production volume of 1 to 10 million pounds (lbs) per year has been reported to 
U.S. EPA every reporting year since 1990 (U.S. EPA, 2002; 2006).  The International 
Fragrance Association of North America (IFRA-NA, 2013) reported volume of use data 
for North America as 1500-2000 metric tons (3.3 – 4.4 million lbs) in 2011.  This is 
consistent with the most recent use volume reported to U.S. EPA of 3.1 million pounds 
for the 2011 calendar year (U.S. EPA, 2012a).   
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There are four HHCB stereoisomers.  The commercial HHCB mixture is reported to be 
made up of approximately 75% CASRN 1222-05-5, with each of the other 
stereoisomers contributing about 5-10% (EC, 2002).  As reported by Kallenborn et al. 
(1999), only two of the enantiomers emit a musky odor. 

HHCB and its degradation product HHCB-lactone were found in 100% of house dust 
samples from a Canadian study (n=49).  Dust samples were collected by researchers 
(“fresh dust” or FD) and from personal home vacuum cleaners (“house dust” or HD).  
Maximum HHCB levels were 9 µg/g (FD) and 31.1 µg/g (HD).  Median levels were 
0.676 µg/g (FD) and 0.992 µg/g (HD) (Kubwabo et al., 2012).  HHCB dust levels of 1.2 ± 
0.14 µg/g were found in Standard Reference Material (SRM) 2585 (house and motel 
dust from 1993-1994) (Kubwabo et al., 2012).  Fromme et al. (2004) found a median 
HHCB level of 0.7 µg/g in household dust samples from Berlin, Germany.  HHCB was 
detected in 100 % of house dust samples in China (n=56), at a median level of 0.0379 
µg/g (Lu et al., 2011).  HHCB has also been detected in indoor air (Sofuoglu et al., 
2010; Fromme et al., 2004). 

The major environmental source of HHCB is from the discharge of wastewater 
treatment plant (WWTP) effluent (Peck and Hornbuckle, 2006).  In a study of effluent-
dominated rivers receiving discharge from WWTPs in five U.S. municipalities, HHCB 
was detected in fish caught at all sampled locations.  Mean tissue concentrations 
ranged from 100 to 1800 nanogram per gram (ng/g).  Levels were lower in 
municipalities with more advanced wastewater treatment (Ramirez et al., 2009).  
Wombacher and Hornbuckle (2009) reported 67-70% average removal of HHCB in a 
wastewater treatment plant in Iowa. 

HHCB was among the chemicals tentatively identified in run-off from agricultural crops 
treated with WWTP effluent in Ventura County, Southern California (Pedersen et al., 
2005).  Low levels of HHCB have also been detected in drinking water (Wombacher and 
Hornbuckle, 2009; Benotti et al., 2009). 

According to Peck and Hornbuckle (2006), the primary removal process for HHCB 
during wastewater treatment is via adsorption to sludge (biosolids).  Levels in biosolids 
measured by DiFrancesco et al. (2004) from two different WWTPs in Delaware in 2002 
were reported as 21.8 ± 4.3 µg/dry g and 37.6 ± 4.5 µg/dry g.   

HHCB has been found in mussels, clams and oysters.  In sampling in 2002 and 2003 in 
the San Francisco Bay, median HHCB levels were 246 ng/g dry weight in clams (n=2), 
221 ng/g in mussels (n=7), and 386 ng/g in oysters (n=5).  HHCB levels of up to 855 
ng/g dry weight were found in oysters (Hoenicke et al., 2007).  In samples collected in 
2009-2010 from the San Francisco Bay, HHCB was found in19/39 mussels, with a 
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maximum of 855 ng/g wet weight (reported in Klosterhaus et al., 2013).  In another 
study, Nakata et al. (2012) reported detection of HHCB in 93% of mussels (n=15) 
obtained from the Pacific Coast in 2004-2005, with a geometric mean concentration of 
210 ng/g lipid.   

Kannan et al. (2005) detected HHCB at levels generally around 1-5 ng/g wet weight in 
marine mammals and other aquatic wildlife from U.S. waters; levels of up to 25 ng/g wet 
weight were measured in dolphins off the Florida coast.  In Japan, Nakata (2005) 
detected HHCB in the blubber of finless porpoises (n=8) at levels ranging from 13 to 
149 ng/g wet weight.  In this study, HHCB levels in three fetal porpoises were also 
measured.  In two very immature fetuses, skin was used for chemical analysis as 
blubber was not developed.  No HHCB was detected in these samples.  In the third 
fetus, the level of HHCB measured in blubber, 26 ng/g wet weight, was comparable to 
the level in its mother, 39 ng/g wet weight.  

HHCB was recommended for monitoring in freshwater systems and coastal 
embayments by the California State Water Resources Control Board Science Advisory 
Panel for contaminants of emerging concern in California’s aquatic ecosystems 
(Anderson et al., 2012). 

Potential to biomonitor: 
Physical and chemical properties (SRC, 2013): 
Molecular weight:  258.41   
Vapor pressure:  5.45 x 10-4 mm Hg  
Water solubility:  1.75 mg/liter (L) at 25°C 
Octanol/water partition coefficient (log Kow): 5.9  
 
Persistence:   
Peck et al. (2006) studied sediment in Lake Erie during the period 1979-2003.  An 
increase of HHCB in sediment occurred from 1990-2003, but the increase was 
attributed to the increased input of HHCB into the lake.  DiFrancesco et al. (2004) 
monitored the decrease in HHCB levels over time in four different soils amended with 
sludge containing HHCB.  At three months, HHCB was one of seven fragrance 
chemicals (out of a total of 22 fragrances) present above the quantification limit.  HHCB 
was not detected at 12 months.  Buerge et al. (2003) reported that HHCB was 
eliminated from lake water primarily via outflowing water and via losses to the 
atmosphere, with very little elimination occurring by photochemical degradation.  
Aschmann et al. (2001) determined that HHCB has a short atmospheric lifetime and 
would not undergo long-range atmospheric transport.   
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EC (2008a) identified half-lives for HHCB of 105 days in soil, based on results from a 
sludge-amended soil test, and 79 days for sediment.  EC concluded that HHCB may be 
considered “inherently biodegradable” and did not meet the EC criteria for persistence 
(>120 days in soil and fresh- or estuarine water sediment; >180 days in marine 
sediment).  In comparison, the OEHHA (2012) criteria for evidence of persistence for 
these environmental media are:  >2 months in soil or sediment.  Under the OEHHA 
criteria, there is evidence of persistence for HHCB. 
 
Bioaccumulation: 
Dietrich and Hitzfeld (2004) reported a range of experimental bioconcentration factors 
(BCFs) on a wet-weight basis: 620 (zebrafish), 862 (eel) and 1584 (bluegill sunfish).  On 
a lipid weight basis, the BCF in eel was reported as 3504.  Bioaccumulation factors 
(BAFs) on a wet weight basis ranged from 20 in rudd to 620 in zebrafish muscle 
(Dietrich and Hitzfiel, 2004).  Gatermann et al. (2002) found that BAFs were dependent 
both on the lipid content of the fish and the extent of HHCB metabolism in the particular 
species.  EC (2008a) concluded that the BCFs and BAFs did not meet the EU criterion 
for bioaccumulation (> 2000).  OEHHA (2012) considers a BCF or BAF > 1000 or a log 
Kow ≥ 4 as evidence of potential bioaccumulation.  The log Kow of 5.9 and the range of 
BCFs shown above suggest a potential for HHCB to bioaccumulate in some species.  
 
Past biomonitoring studies:   
HHCB has been measured in blood, breast milk, adipose tissue and umbilical cord 
blood.  It is the predominant synthetic musk in studies that have measured multiple 
synthetic musks (e.g., including other polycyclic musks and nitro musks).  Few studies, 
however, have been conducted in the U.S.  Selected studies are summarized below, 
organized by biological media.  Units of measurement vary by publication.  In this 
document, all values are reported in ng (e.g., ng/g lipid, ng/L).  Detection frequency is 
defined as percent of samples greater than the limit of quantitation. 

 Whole blood 
• Den Hond et al. (2013).  Belgium (n=204), ages 14-15 years old.  Samples 

collected in 2008- 2009.   
o Detection frequency: 100%  
o Geometric mean:  717 ng/L 
o Median: 754 ng/L 
o Range: 301-1539 ng/L 
o HHCB levels were significantly increased with increased self-reported use 

of personal care products and higher educational level of the adolescents. 
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Plasma 
• Hu et al. (2010).  11 cities in China (n=204), 94 females, 110 males, at ages 

ranging from 17-75; median age 25.   
o Detection frequency:  91% 
o Median: 850 ng/L 
o Maximum concentration: 1630 ng/L 
o Women between the ages of 27 to 40 years had lower HHCB levels than 

younger and older women 
o A significant positive relationship was found between levels of HHCB and 

AHTN. 
 

• Hutter et al. (2010).  Austria (n=53).  Women older than 50 years. 
o Detection frequency: 89% 
o Maximum concentration:  6900 ng/L  
o Higher HHCB [identified as “galaxolide”] concentrations were significantly 

associated with frequent use of perfumes, deodorants and shampoos. 
 

• Hutter et al. (2005; 2009).  Austria (n=100).  Adults (55 female, 45 male), ages 
19 to 43.   
o Detection frequency:  83% 
o Median:  420 ng/L 
o Maximum concentration:  4100 ng/L 
o Levels were significantly higher in women (580 ng/L compared to 260 ng/L 

in men) 
o Significantly higher levels were seen with more frequent use of body lotion 

and in the lower age group (19-25 years). 

Serum: 
• Kang et al. (2010).  Korea.  Samples collected from pregnant women, one day 

before delivery (n=20), in 2007.  This study also measured breast milk and 
umbilical cord serum. 

o Detection frequency:  90% 
o Geometric mean:  380 ng/g lipid 
o Range:  170-1400 ng/g lipid 
o Significantly higher HHCB levels were found in serum and cord blood 

compared to breast milk. 
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• Kuklenyik et al. (2007).  Atlanta, Georgia (GA).  Methods development study 
which measured HHCB in seven anonymous adults.  Samples collected in March 
2004. 

o Detection frequency:  29% (2/7) 
o Mean:  1.04 ng/milliliter (mL) (wet weight) 
o Range:  0.38-1.70 ng/mL (wet weight) 

 
Breast milk 
• Kang et al. (2010) Korea (n=17).  Samples collected 3-10 days after delivery, in 

2007. 
o Detection frequency:  100% 
o Geometric mean:  180 ng/g lipid 
o Range:  55-515 ng/g lipid 
o HHCB levels in breast milk were significantly lower than in serum and cord 

blood, also measured in this study. An apparent increasing trend for 
higher HHCB levels with age was observed but parity did not affect HHCB 
levels. 

 
• Ueno et al. (2009).  Japan.  Nursing mothers (n=5); 5 samples collected monthly 

from each donor in 2006-2008; 20 samples analyzed.  
o Detection frequency:  60%  
o Range:  <50 – 440 ng/g lipid 

 
• Reiner et al. (2007).  Massachusetts (n=39).  Samples collected in 2004.  

o Detection frequency:  97% 
o Mean: 220 ng/g lipid   
o Range:  <5 to 917 ng/g lipid   
o No correlation was found between levels of HHCB and AHTN; the authors 

concluded that this suggests multiple sources of exposure. 
o Maternal age was not correlated with HHCB concentrations 
o Study found a trend of decreasing concentrations of HHCB with the 

number of children previously breast-fed, although it was not significant. 
 

• Kuklenyik et al. (2007).  Atlanta, GA.  Methods development study.  Samples 
collected from 26 anonymous nursing mothers, in 2004. 

o Detected frequency:  27% (7/26)  
o Calculated range:  20.1-131.6 ng/g lipid. Authors assumed 1.74% lipid 

content in milk. 
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• Lignell et al. (2008).  Sweden (n=101).  Samples collected from primiparous 
mothers during the 3rd week after delivery, in 1996-2003. 

o Detection frequency:  100% 
o Median:  63.9 ng/g lipid  
o Range: 2.8-268 ng/g lipid 
o In a subset of mothers who were asked about perfume use (n=44), 

elevated concentrations of HHCB were found in women reporting high use 
of perfume and perfumed products during pregnancy.  
 

• Duedahl-Olesen et al. (2005).  Denmark (n=10).  Samples collected from 
primiparous mothers 14-26 weeks after delivery, in 1999. 

o Detection frequency:  100% 
o Median:  147 ng/g lipid 
o Range:  38.0-422 ng/g lipid 

 
• Rimkus and Wolf (1996).  Germany.  Samples collected from 4 nursing mothers; 

one mother provided two samples. 
o Detection frequency:  100% 
o Range:  16-108 ng/g lipid 
o One subject gave samples at 1 and 10 weeks.  Levels were 108 ng/g lipid 

and 28 ng/g lipid, respectively. 
 

Adipose tissue 
• Moon et al. (2012).  Korea (n=43).  Samples collected from women (ranging in 

age from 40-70 years) undergoing laparoscopy surgery for myoma, in 2007-
2008. 

o Detection frequency:  100% 
o Mean:  81 ng/g lipid  
o Range:  28-211 ng/g lipid 
o Study did not find a correlation between age and levels of total synthetic 

musks. 
 

• Schiavone et al. (2010).  Italy (n=12).  Samples collected from surgical patients 
(9 male, 3 female), in 2005-2006. 

o Detection frequency:  92% 
o Mean:  361 ng/g lipid 
o Range:  <5 – 1435 ng/g lipid 
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• Kannan et al. (2005).  New York City (n=49).  Samples collected from patients 
undergoing liposuction, in 2003-2004.   

o Detection frequency:  100% 
o In male subjects (n=12) 

 Median:  90.5 ng/g lipid  
 Range:  12 - 509 ng/g lipid 

o In female subjects (n=37) 
 Median:  180 ng/g lipid 
 Range:  18-798 ng/g lipid 

o Study found that levels of HHCB and AHTN (also measured in this study) 
did not increase with age and were higher in individuals aged 25-35 years. 

• Rimkus and Wolf (1996).  Germany (n=14).  Samples collected from 8 women, 6 
men, in 1993 and 1995. 

o Detection frequency:  100% 
o Range:  28-189 ng/g lipid 

 
Umbilical cord blood 
• Kang et al. (2010). Korea (n=20).  Samples collected in 2007. 

o Detection frequency:  70%  
o Geometric mean:  710 ng/g lipid 
o Range:  670-2700 ng/g lipid 
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7-Acetyl-1,1,3,4,4,6-hexamethyltetrahydronaphthalene  

AHTN 
 

1-(5,6,7,8-Tetrahydro-3,5,5,6,8,8-hexamethyl-2-naphthalenyl)ethanone  
 

CASRN: 1506-02-1, 21145-77-7 
 

O

 
 
 

Exposure or potential exposure to the public or specific subgroups: 

AHTN has been found in personal care products such as perfumes, body lotions and 
creams, deodorants, and shampoos and conditioners.  AHTN has also been detected in 
household items like furniture polish, laundry detergent and fabric softener.  Reiner and 
Kannan (2006) analyzed 60 consumer products from the U.S. (New York) and found 
AHTN in a number of products, including many products that also contained HHCB.  
AHTN was found less often than HHCB and levels were, in most cases, lower than for 
HHCB.  In one perfume sample the level of AHTN was 451 µg/g (compared to 1010 
µg/g HHCB).  In one sample of body cream, the AHTN concentration was 145 µg/g; in 
that same sample, HHCB levels were 2070 µg/g and HHCB-lactone was found to be 
217 µg/g.  In one deodorant sample, AHTN was 438 µg/g (HHCB levels were 2250 
µg/g).  Reiner and Kannan (2006) also found AHTN in samples of furniture polish (16.7 
µg/g), laundry detergent (34.2 µg/g), fabric softener (47.1 µg/g), and stain remover (2.46 
µg/g). 

Production/import volume reported to the U.S. EPA was 10,000-500,000 lbs from 1986-
1994 and 1-10 million lbs in 1998.  There were no reports in 2002 or 2006 (U.S. EPA, 
2002; 2006).  Volume of use was listed as Confidential Business Information (CBI) in 
U.S. EPA’s 2012 Chemical Data Reporting system (U.S. EPA, 2012a).  IFRA-NA (2013) 
reported 2011 volume of use for North America as 100-150 metric tons (220,000-
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330,000 lbs).  AHTN is listed on Proctor and Gamble’s website as a musk used in its 
products.  

AHTN was found in 100% of house dust samples from a Canadian study (n=49).  Dust 
samples were collected by researchers (“fresh dust” or FD) and from personal home 
vacuum cleaners (“house dust” or HD).  Maximum AHTN levels were 1.99 µg/g (FD) 
and 2.36 µg/g (HD).  Median levels were 0.552 µg/g (FD) and 0.405 µg/g (HD) 
(Kubwabo et al., 2012).  In Standard Reference Material (SRM) 2585 (household and 
motel dust samples from 1993-1994), AHTN levels (1.420±0.169 µg/g) are similar to 
levels of HHCB (1.220±0.143 µg/g dust) (Kubwabo et al., 2012).  Fromme et al. (2004) 
found a median AHTN level of 0.9 µg/g in household dust samples from Berlin, 
Germany.  AHTN was detected in 98.9% of house dust in China, at a median level of 
0.0172 µg/g (Lu et al., 2011).  Like HHCB, AHTN has been found in indoor air (Sofuoglu 
et al., 2010; Fromme et al., 2004). 

The major environmental source of AHTN is from the discharge of wastewater treatment 
plant (WWTP) effluent.  In a study of effluent-dominated rivers receiving discharge from 
WWTPs in five U.S. municipalities, AHTN was detected in fish caught at all sampled 
locations but levels were much lower in fish near municipalities with more advanced 
wastewater treatment (Ramirez et al., 2009).  Mean tissue concentrations ranged from 
60 ng/g to 240 ng/g, excluding one municipality for which a mean level was not 
calculated (only one detect [21 ng/g] in six composite fish samples). 

According to Peck and Hornbuckle (2006), the primary removal process for AHTN 
during wastewater treatment is via adsorption to sludge (biosolids).  Levels in biosolids 
measured by Difrancesco et al. (2004) in 2002 from two different WWTPs were reported 
as 8.1±1.6 µg/dry g and 17.7±2.2 µg/dry g. 

Low levels of AHTN were also detected in a drinking water treatment plant in Iowa.  At 
that plant, the removal efficiency was greater for AHTN compared to HHCB.  For AHTN, 
average removal efficiency ranged from 79% in cold weather to 89% under warm 
weather conditions (Wombacher and Hornbuckle, 2009).  AHTN was among the 
chemicals tentatively identified in run-off from agricultural crops treated with WWTP 
effluent in Ventura County, Southern California (Pedersen et al., 2005). 

AHTN has been detected at low levels (approximately 1-2 ng/g wet weight) in marine 
mammals and other aquatic wildlife in U.S. waters (Kannan et al., 2005)  
 
AHTN was found in oysters and mussels in the San Francisco Bay.  In sampling in 2002 
and 2003, median AHTN levels were 157 ng/g dry weight and 110.2 ng/g in oysters 
(n=5) and mussels (n=7), respectively. AHTN was not found in two sampled clams 
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(Hoenicke et al., 2007).  In samples collected in 2009-2010 from the San Francisco Bay, 
AHTN was found in 24/39 mussels, with a maximum of 519 ng/g wet weight (reported in 
Klosterhaus et al., 2013). 
 
Potential to biomonitor: 
Physical and chemical properties (SRC, 2013): 
Molecular weight:  258.41 
Vapor pressure:  5.12 x 10-4 mm Hg  
Water solubility:  1.25 mg/L at 25°C  
Octanol/water partition coefficient (log Kow):  5.7 
 
Persistence:   
DiFrancesco et al. (2004) monitored the decrease in AHTN levels over time in four 
different soils amended with sludge containing AHTN.  AHTN was one of two fragrance 
chemicals (out of 22) still detected in soil after one year.  Buerge et al. (2003) found that 
AHTN underwent rapid photochemical degradation in lake and distilled water.  
Photolysis was also found to be the predominant mode of elimination of AHTN from lake 
water in Zurich, Switzerland during summer months.  Peck et al. (2008) reported that 
the ratio of HHCB/AHTN in Lake Ontario sediment was approximately 28, which they 
suggest is consistent with the greater photolysis of AHTN.   
 
EC (2008b) concluded that AHTN may be considered “inherently biodegradable” and 
did not meet EC’s criteria for persistence.  However, EC also indicated that AHTN has 
similar or longer half-lives compared to HHCB.  As noted above, there is evidence of 
persistence for HHCB under OEHHA (2012) criteria. 
 
Bioaccumulation: 
Dietrich and Hitzfeld (2004) reported a range of experimental bioconcentration factors 
(BCFs) and bioaccumulation factors (BAFs), reported on a wet-weight basis.  The 
reported BCFs were 600 in zebrafish, 597 in bluegill sunfish, and 1069 in eel.  On a lipid 
weight basis, the BCF in eel was reported as 5017.  Reported BAFs ranged from 40 to 
670.  Using lipid-based BAFs, Gatermann et al. (2002) found a wide range of values 
that were dependent both on lipid content of the fish and the extent of AHTN 
metabolism in the particular species.  EC (2008b) reported that the range of BCFs and 
BAFs did not meet the EC criterion for bioaccumulation (>2000).  OEHHA (2012) 
considers a BCF or BAF > 1000 or a log Kow ≥ 4 as evidence of potential 
bioaccumulation.  The log Kow of 5.7 and the range of BCFs shown above suggest a 
potential for AHTN to bioaccumulate in some species. 
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Past biomonitoring studies: 
AHTN has been measured in blood, breast milk, adipose tissue and umbilical cord 
blood.  Few studies, however, have been conducted in the U.S.  Selected studies are 
summarized below, organized by biological media.  Units of measurement vary by 
publication.  In this document, all values are reported in ng (e.g., ng/g lipid, ng/L). 
 

Whole blood 
• Den Hond et al. (2013).  Belgium (n=204), ages 14-15 years old.  Samples 

collected in 2008- 2009.   
o Detection frequency: 92.2% 
o Geometric mean:  118 ng/L 
o Median:  127 ng/L 
o Range:  20-307 ng/L 
o Blood AHTN was significantly increased with increased use of personal 

care products and higher educational level of the adolescents. 
 

Plasma 
• Hu et al. (2010).  11 cities in China (n=204). Adults (94 females, 110 males), at 

ages ranging from 17-75; median age 25.   
o Detection frequency:  77% 
o Median:  530 ng/L 
o Maximum concentration: 1290 ng/L 
o A significant positive relationship was found between levels of HHCB and 

AHTN. 
 

• Hutter et al. (2010).  Austria (n=53).  Women older than 50 years. 
o Detection frequency:  19% 
o Maximum concentration:  290 ng/L 

 
• Hutter et al. (2005; 2009).  Austria (n=100).  Adults (55 females; 45 males), ages 

19-43 years. 
o Detection frequency:  16% 
o Maximum concentration:  800 ng/L 
o Study found that younger age and use of lotion and perfume were 

positively correlated with higher levels of polycyclic musks as a group. 
Serum 
• Kang et al. (2010).  Korea.  Samples collected from pregnant women, one day 

before delivery (n=20), in 2007.  This study also measured AHTN in breast milk 
and umbilical cord serum. 
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o Detection frequency:  35% 
o Geometric mean:  17 ng/g lipid 
o Range:  <17-140 ng/g lipid 
 

Breast Milk 
• Kang et al. (2010) Korea (n=17).  Samples collected 3-10 days after delivery, in 

2007.   
o Detection frequency:  65% 
o Geometric mean:  24 ng /g lipid 
o Range:  15-91 ng g/g lipid   

 
• Ueno et al. (2009).  Japan.  Five nursing mothers; 5 samples collected monthly 

from each donor, in 2006-2008; 20 samples analyzed. 
o Detection frequency:  30% 
o Range:  <50-190 ng/g lipid 

 
• Kuklenyik et al. (2007).  Atlanta, GA.  Methods development study.  Samples 

collected from 26 anonymous nursing mothers, in 2004. 
o Detected frequency:  19% (5/26)  
o Calculated range:  26.4-41.4 ng/g lipid. Authors assumed 1.74% lipid 

content in milk. 
 

• Reiner et al. (2007).  Massachusetts (n=39).  Samples collected in 2004. 
o Mean:  46.8 ng/g lipid  
o Range:  <5-144 ng/g lipid 
o Maternal age was not correlated with levels of AHTN 
o Study found a trend of decreasing AHTN levels with the number of 

children previously breast-fed, although the correlation was not significant. 
 

• Lignell et al. (2008).  Sweden (n=101).  Samples collected from primiparous 
mothers during the 3rd week after delivery, in 1996-2003.   

o Detection frequency:  74% 
o Median:  10.4 ng/g lipid  
o Range:  <3.0-53.0 ng/g lipid 
o Study found that women who reported use of perfumed laundry detergent 

had elevated concentrations of AHTN. 
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• Duedahl-Olesen et al. (2005).  Denmark (n=10).  Samples collected from 
primiparous mothers 14-26 weeks after delivery, in 1999. 

o Detection frequency:  100% 
o Median: 17.5 ng/g lipid 
o Range: 5.58-37.9 ng/g lipid 

 
• Rimkus and Wolf (1996).  Germany.  Samples from 4 nursing mothers; one 

mother provided two samples. 
o Detection frequency:  100% 
o Range:  11- 58 ng/g lipid 

 
Adipose tissue 
• Moon et al. (2012).  Korea.  Samples collected from 43 female patients (age 

range, 40-70 years) undergoing laparoscopy surgery for myoma, in 2007-2008. 
o Detection frequency:  81% 
o Mean:  12 ng/g lipid  
o Range:  <2.0-51 ng/g lipid 
o Study did not find a correlation between age and levels of total synthetic 

musks. 
 

• Schiavone et al. (2010).  Italy (n=12).  Samples collected from surgical patients 
(9 male, 3 female), in 2005-2006. 

o Detection frequency:  83% 
o Mean:  132 ng/g lipid 
o Range:  <5-931 ng/g lipid 

 
• Kannan et al. (2005).  New York City (n=49).  Samples from patients who 

underwent liposuction, in 2003-2004.   
o Detection frequency:  86% 
o In male subjects (n=12) 

 Median:  31.5 ng/g lipid 
 Range:  <8-110 ng/g lipid  

o In female subjects (n=37) 
 Median:  38.7 ng/g lipid 
 Range:  <8-134 ng/g lipid  

o Study found that levels of AHTN and HHCB did not increase with age and 
were higher in individuals aged 25-35 years. 
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• Rimkus and Wolf (1996).  Germany (n=14).  Samples collected from 8 women, 6 
men, in 1993 and 1995. 

o Detection frequency:  100% 
o Range:  8-33 ng/g lipid 

 
Umbilical cord serum 
• Kang et al. (2010).  Korea (n=20).  Samples collected in 2007. 

o Detection frequency:  15% 
o Geometric mean:  430 ng/g lipid  
o Range:  <670-2700 ng/g lipid 
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Other Synthetic Polycyclic Musks Structure Indication of Use 

ADBI (4-Acetyl-1,1-dimethyl-6-tert-butylindan) 
Celestolide®  
CASRN 13171-00-1 

1-[6-(1,1-Dimethylethyl)-2,3-dihydro-1,1-dimethyl-1H-
inden-4-yl]ethanone  

O

 

Production/import volume:  10-500K from 1986 to 2002 
(U.S. EPA, 2002); no records after 2002 (U.S. EPA, 
2006; 2012a) 

Available on-line (see for example:   
http://shop.perfumersapprentice.com/p-6026-
celestolide-crystals-i.aspx)  

Detected in mussels collected from the San Francisco 
Bay (5/39 [13%]; maximum concentration 93 ng/g dry 
weight) (as reported by Klosterhaus et al., 2013). 

AHMI (6-Acetyl-1,1,2,3,3,5-hexamethylindane) 

Phantolide® 
CASRN 15323-35-0 

1-(2,3-Dihydro-1,1,2,3,3,6-hexamethyl-1H-inden-5-
yl)ethanone 

 

O

 

Production/import volume: no records (U.S. EPA, 2002; 
2006; 2012a) 

Suppliers identified (see for example: 
http://www.thegoodscentscompany.com/data/rw100083
1.html) 

ATII (5-Acetyl-1,1,2,6-tetramethyl-3-isopropylindan) 

Traseolide® 
CASRN 68140-48-7 

1-[2,3-dihydro-1,1,2,6-tetramethyl-3-(1-methylethyl)-
1H-inden-5-yl]ethanone 

 

O

 

Production/import volume: 10-500K lbs (1986-2002) 
(U.S. EPA, 2002); no records after 2002 (U.S. EPA, 
2006; 2012a) 

Suppliers identified (see for example: 
http://www.thegoodscentscompany.com/data/rw102377
2.html  ) 

http://shop.perfumersapprentice.com/p-6026-celestolide-crystals-i.aspx
http://shop.perfumersapprentice.com/p-6026-celestolide-crystals-i.aspx
http://www.thegoodscentscompany.com/data/rw1023772.html
http://www.thegoodscentscompany.com/data/rw1023772.html
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Other Synthetic Polycyclic Musks Structure Indication of Use 

AETT (Acetylethyltetramethyltetralin) 

Versalide® 
CASRN 88-29-9 

1-(3-Ethyl-5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-
naphthalenyl)ethanone 

O

 

Production/import volume: no records (U.S. EPA, 2002; 
2006; 2012a) 

Use prohibited by IFRA (2013).   

Detected in mussels collected from the San Francisco 
Bay (3/39 [8%]; maximum concentration 56 ng/g dry 
weight) (as reported by Klosterhaus et al., 2013).  

DPMI (6,7-Dihydro-1,1,2,3,3-pentamethyl-4[5H]indanone)  

Cashmeran® 
CASRN 33704-61-9 

1,2,3,5,6,7-Hexahydro-1,1,2,3,3-pentamethyl-4H-
inden-4-one 

 

O

 

Production/import volume: 10-500K lbs (1986-2002) 
(U.S. EPA, 2002); no records in 2006 (U.S. EPA, 
2006); CBI in 2012 (2012a) 

Supplier identified (see for example  
http://yaoshitanye.en.alibaba.com/product/701657917-
215381462/1_2_3_5_6_7_hexahydro_1_1_2_3_3_pen
tamethyl_4H_inden_4_one.html)   

http://yaoshitanye.en.alibaba.com/product/701657917-215381462/1_2_3_5_6_7_hexahydro_1_1_2_3_3_pentamethyl_4H_inden_4_one.html
http://yaoshitanye.en.alibaba.com/product/701657917-215381462/1_2_3_5_6_7_hexahydro_1_1_2_3_3_pentamethyl_4H_inden_4_one.html
http://yaoshitanye.en.alibaba.com/product/701657917-215381462/1_2_3_5_6_7_hexahydro_1_1_2_3_3_pentamethyl_4H_inden_4_one.html
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