
Polycyclic and nitro musks in indoor air: a primary school

classroom and a women�s sport center

Introduction

Musks are organic compounds originally derived from
animals or smell-emitting plants to use as fragrance in
detergents, soaps, and other household and personal
care products. The popularity of the musks as an
ingredient in various products had resulted in the
shortage of the natural supply, and the synthetic
production of these compounds became inevitable.
The worldwide production of synthetic musks shifted
from nitro [musk xylene (MX), musk ketone (MK),
musk moskene (MM), and musk tibettene (MT)] to
polycyclic musks [tonalide (AHTN), galaxolide
(HHCB), traseolide (ATII), celestolide (ADBI),
phantolide (AHMI), and cashmeran (DPMI)] and
increased in the amount of 1000 metric tons between
the years 1987 and 1996 (Luckenbach and Epel, 2005)

because of persistency, bioaccumulation potential, and
potential toxicity of nitro musks. Salvito (2005)
reported the use of polycyclic musks as 4000 tons in
the year of 2000. Although no direct data could be
obtained for Turkey, the use of synthetic musks may
also be increased because detergent and soap produc-
tion increased 40% and 16%, respectively, from 2002
to 2005 (Bektasoglu and Bektas, 2008).
As a result of the increased demand and production

of nice-smelling household and personal care products,
the synthetic musks were detected in different environ-
mental compartments and organisms. The first report
of synthetic musk compounds in the environment was
made by Yamagishi et al. (1981). Considerable con-
centrations of MX and MK were found in biota and
water samples. In 1990s, nitro musks were determined
in fish and mussels in different locations, and for the
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Practical Implications
Synthetic musk compounds (SMCs) are found everywhere because their use in household and personal care products
(laundry detergents, carpet cleaners, cleaning agents, fabric softener soaps, shampoos, cosmetics, etc.) has been
increasing. These compounds are semi-volatiles that may result in direct and indirect exposures through inhalation
route. Although SMCs were found to be dominant in the gas phase, exposure via inhalable particles may be important
as we found several compounds in the particulate phase (PM2.5).
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first time, they were found in human milk and adipose
tissue (Rimkus and Wolf, 1996; Rimkus et al., 1994).
Later, polycyclic musk fragrances were detected in
water, fish, and some municipal sewage treatment
plants (Rimkus et al., 1999). After the use of personal
care products or cleaning agents, they are washed
down to the drain and processed in treatment plants.
Therefore, the major environmental contamination
route for these compounds was through wastewater
and treated wastewater discharges into receiving water
bodies. Eventually, HHCB (31 ng/l) was detected in
finished drinking water samples in the US (Benotti
et al., 2009).
Samples from urban and rural areas were collected to

investigate ambient air levels around the Great Lakes
(Peck and Hornbuckle, 2006). They reported urban
HHCB and AHTN levels of 1–5 ng/m3 and back-
ground terrestrial levels an order of magnitude less.
Peters et al. (2008) studied many endocrine-disrupting
chemicals including some polycyclic and nitro musks in
the precipitation (rain) samples collected from 50
locations in the Netherlands. They detected nitro
musks at a few locations, while they detected polycyclic
musks in all samples. The use of polycyclic musks was
common in Europe, while nitro musks were common in
USA (Kallenborn et al., 1999).
SMC-containing products are frequently used in-

doors; indoor air is supposed to be the first and the
most important environment for human exposure via
inhalation. There are only a few studies that investi-
gated indoor air levels of synthetic musks. The first
study that investigated SMCs in indoor air confirmed
their presence (Kallenborn and Gaterrmann, 2004).
They found �high� concentrations in indoor air gas
samples in a hairdresser shop (average: 20 ng/m3; max:
HHCB 44 ng/m3). Fromme et al. (2004) studied the
occurrence of persistent environmental contaminants
by taking indoor air samples from 59 apartments and
74 kindergartens in Berlin, Germany. They also
collected house dust samples from 30 apartments.
The median indoor air concentration in kindergartens
was 101 ng/m3 for HHCB and 44 ng/m3 for AHTN,
and maximum concentrations of up to 299 and 107 ng/
m3, respectively, were measured. HHCB and AHTN
were detected in 63% and 83% of the house dust
samples with median values of 0.7 and 0.9 mg/kg,
respectively. Chen et al. (2007) conducted an occupa-
tional determination of polycyclic musks in and around
a cosmetics plant in China. Average total particulate-
phase concentration was considerably high even just
outside the workshop (6.4 ng/m3) and at a downwind
distance of 200 m away from the plant (2.4 ng/m3).
Garcia-Jares et al. (2009) reviewed performance of the
analytical techniques used for semi-volatiles in terms of
sample collection, pretreatment, extraction, clean-up,
and determination. Reguerio et al. (2009) proposed a
new analytical methodology for the analysis of SMCs

by combining solid-phase extraction and solid-phase
microextraction. The method was applied successfully
in indoor air of homes in North-western Spain.
Measured concentrations of HHCB and AHTN were
in the range from 143 to 1129 ng/m3 and from 21 to
77 ng/m3, respectively. ADBI and AHMI were found
only in one sample, while DPMI, ATII, and MM were
not detected in any of the samples.
In summary, the results of all studies suggest wide-

spread occurrence of synthetic musks in different envi-
ronmental compartments. Kannan et al. (2005) recently
determined HHCB and AHTN levels in both human
adipose fat collected from New York City and wildlife
animals (marine mammals, water birds, and fish)
collected from the US waters. They concluded that
further studies should be conducted to evaluate and
characterize exposures and toxicity of these compounds
on humans and wildlife. These compounds are consid-
ered as xenobiotics (Kallenborn andGaterrmann, 2004)
and have been found to disrupt the endocrine system by
exerting weak estrogenic or other hormonal activity
(Bitsch et al., 2002; Burg et al., 2008).
Environmental risk assessments were conducted for

MK and MX (Tas et al., 1997) and for AHTN and
HHCB (Balk and Ford, 1999). The risk levels for all
four compounds were found to be low for aquatic and
sediment organisms, whereas the levels for soil organ-
isms were deemed as a call upon further research for
MK and especially for MX. An exposure-based risk
assessment for hypothetical products (a leave-on eau
de toilette and a rinse-off shampoo) containing
1000 ppm or more cinnamic aldehyde (Gerberick
et al., 2001) estimated that induction of skin sensitiza-
tion risk was unacceptable for the leave-on product,
while the risk posed by the rinse-off product was
deemed acceptable. The systemic exposures to AHTN
and HHCB were determined in rats under occlusion
and in humans under simulated conditions of dermal
exposure (Ford et al., 1999). The animal study showed
that the total amount absorbed was approximately
19% for AHTN and 14% for HHCB, whereas the
human study conducted with the help of three male
volunteers showed that the total absorbed dose was
approximately 1% and 0.1% for AHTN and HHCB,
respectively, based on excretion. The authors reported
that about 20% of the applied amount on average
was shown to evaporate under the conditions of
exposure.
Even though the major route of exposure to

synthetic musk compounds, dermal absorption, has
been studied extensively, there is a lack of information
about exposure by inhalation, especially indoors. In
addition, gas–particulate phase distribution has not
been investigated. Therefore, the main objective of this
study was set as the determination of the short-term
gas and particulate phase (PM2.5) synthetic musk
compound concentrations and phase distribution in
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two different indoor microenvironments where signif-
icant human exposure may occur: a primary school
classroom and a women�s sports center.

Materials and methods

Chemicals and materials

1,2,3,5,6,7-Hexahydro-1,1,2,3,3-pentamethyl-4H-inden-
4-one (Cashmeran, DPMI), 4-acetyl-1,1-dimethyl-6-
tertbutylindan (Celestolide, ADBI), 6-acetyl- 1,1,2,3,3,
5-hexamethylindan (Phantolide, AHMI), 5-acetyl-
1,1,2,6-tetramethyl-3-iso-propylindan (Traseolide, ATII),
7-acetyl-1,1,3,4,4,6-hexamethyl-1,2,3,4-tetrahydronaph-
thalene (Tonalide, AHTN), and 1,3,4,6,7,8-hexa-
hydro-4,6,6,7,8,8-hexamethylcyclopenta(g)-2-benzopyrane
(Galaxolide, HHCB), Musk Ketone (MK) and MX
were purchased from LGC Prochem (Teddington,
UK), while flourantene-d10 from Dr.Ehrenstorfer
GmbH (Augsburg, Germany). Gas chromatographic
grade of ethyl acetate, acetone, and n-hexane (Supra-
solv; Merck, Darmstadt, Germany) was used for the
extraction and column chromatography applications.
Ultrapure chemical-free MilliQ (Millipore Elix-5)
water was used in all steps of the analytical procedure.
Florisil (100–200 mesh; Sigma-Aldrich, St. Louis,

MO, USA), a magnesium silicate with basic properties,
has been used for the clean-up of pesticide residues,
polychlorinated biphenyls (PCBs), polyaromatic
hydrocarbons (PAHs), chlorinated hydrocarbons, aro-
matic compounds, fat, oil, waxes, and separation of
nitrogen compounds from hydrocarbons (USEPA,
2007). Florisil was activated at 650�C overnight. Then,
it was cooled and stored in a desiccator at room
temperature. For the deactivation of florisil, 37.5 ll of
water was added for each 0.75 g of florisil before filling
up the clean-up and enhancement column to remove
impurities and enhance the SMCs in the sample matrix.
The column was topped with 1 cm of the anhydrous
sodium sulfate (Fluka, Steinheim, Germany), which
was baked at 450�C overnight.
Polyurethane foam (PUF) cartridges were cleaned by

Soxhlet extraction using dichloromethane (Pestanal,
Riedel-de Haen, Seelze, Germany) for 6 h followed by
a mixture of acetone and n-hexane (1:1) for 8 h. After
extraction, PUFs were wrapped loosely with aluminum
foil and dried at 60�C for 3 h in an oven. They were
kept in glass jars with teflon-lined lids until use. Glass
fiber filters (GFF) (Pall, Type A/E, Ø 37 mm, pores
1 lm) were wrapped loosely with aluminum foil and
baked overnight at 450�C. Then, they were cooled and
stored in desiccators until use (Kiymet, 2009).

Sampling

Samples were collected between June 16 and July 6,
2009, in a sports center where approximately 50 women

aged 18–60 visit daily, and between November 4 and
21, 2008, in a classroom of 30 children aged seven in a
primary school where approximately 1750 students
attend, in _Izmir, Turkey. Ten daytime gas and PM2.5

particulate-phase samples were collected for 8 h with a
10 l/min flow rate in each of the two microenviron-
ments on PUF and GFFs, respectively, with an active
sampling system consisted of a Harvard impactor and
a pump (Air Diagnostics & Engineering Inc., Harrison,
ME, USA). The impactor consisted of (i) the sampling
inlet, (ii) the particle impactor with 2.5-lm-size cut,
and (iii) the filter holder. The impactor was connected
to a hollow cylinder that held a PUF cartridge (Ø
22 mm, 100 mm length; SKC, Dorset, UK) placed in a
glass cylinder (SKC) where gas-phase compounds were
collected. The sampling train was connected to the
pump (Air Diagnostics & Engineering Inc., SP-280).
Sample volumes were approximately 4.8 m3 air. The
pump was calibrated using a flow meter (Defender 510-
H; BIOS, Buttler, NJ, USA) prior to sampling. At the
end of sampling, the flow rate was measured for the
calculation of daily average flow rate and to verify
whether the difference was within 10% to deem the
sample acceptable.

Sample extraction and clean-up

The extraction method used in this study was adapted
from Peck and Hornbuckle (2006). Prior to extraction,
10 ll of fluoranthene-d10 surrogate standard solution
(50 pg/ll concentration) was added to each of partic-
ulate and gas-phase samples. Then, the samples were
ultrasonically extracted in 40-ml amber vials, contain-
ing 20 ml acetone and 20 ml n-hexane for 1 h, followed
by evaporation and concentration procedure with
nitrogen down to 2 ml in volume. Each extract was
passed through a column filled with florisil. Then, 4 ml
ethyl acetate was passed through the column, and the
eluate was collected in an amber vial. Sample extracts
were concentrated down to 1 ml after the change of
solvent into n-hexane. Samples were placed into a
freezer until analysis.

GC/MS analysis

A gas chromatograph (Thermo, Trace GC Ultra,
Austin, TX, USA) coupled to a mass selective detector
(Thermo DSQII) with electron impact ionization (GC/
EI-MS) operated in selective ion monitoring (SIM)
mode was used for the analysis of eight synthetic musk
compounds. A 30-m 5% phenyl methyl siloxane
capillary column (HP-5MS; 250 lm I.D., 0.25 lm film
thickness) was used. Samples were injected via pro-
grammable temperature vaporizer (PTV) port in
splitless mode with a splitless time of 1 min. A constant
1 ml/min column flow rate was used for the carrier gas
of helium. The oven temperature was held at 60�C for
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1 min. Then, temperature was ramped from 60 to
180�C at 15�C/min followed by a 0.2�C/min ramp to
185�C. The final temperature (290�C) was held for
6 min. It is recommended that the slow temperature
gradients are necessary for the simultaneous analysis of
the SMCs (Peck and Hornbuckle, 2006). The MS
transfer line temperature was 300�C. Compounds were
identified on the basis of their retention times, target,
and qualifier ions and were quantified using the
internal standard calibration procedure (Table 1).

Quality assurance and quality control

The glassware and metal parts of the impactor were
washed with Alconox detergent (fragrance free, White
Plains, NY, USA), solvent-rinsed, covered with alumi-
num foils, dried in an oven (4 h at 110�C for glassware
and 3 h at 60�C for metal parts), and kept there until
use. In addition to this procedure, to minimize the
contamination from soap, hand creams, and perfumes,
nobody in the laboratory used personal care products
during the sampling and analytical procedure. Blank
PUF cartridges and GFFs (n = 3) were placed in the
field to determine whether there was any contamina-
tion during sample handling and preparation. The field
blanks were carried to the sampling site in teflon-lined
glass jars in sealed plastic bags in an ice box and then
placed into the sampling train with no air drawing
through. Background contamination was checked by
laboratory blank samples (n = 4). The number of
detected synthetic musks was higher in laboratory
blanks than in field blanks. DPMI, ATII, HHCB, and
ATHN were detected in laboratory blanks, while only
ATII, HHCB, and ATHN were detected in the field
blanks, at similar levels. Samples were laboratory-
blank-corrected. Limit of detection (LOD) values were
calculated from a signal-to-noise ratio of 3/1.
All samples were corrected for method recovery

according to internal standard method using fluoranth-
ene-d10 as the surrogate standard. However, Chen
et al. (2007) stated that there was no ideal surrogate
standard for the analysis of SMCs. Therefore, spike
recovery samples (n = 3 for GFFs and n = 4 for
PUFs) were run for the calculation of external recov-
eries to confirm the results obtained by the use of

surrogate standard. The recovery values for the gas
phase (PUF) were lower than those for the particulate
phase but acceptable. The mean recoveries for the gas
phase ranged from 44% (DPMI) to 54% (MK), while
they were between 69% (DPMI) and 85% (MK) for
the particulate-phase media, which were similar to
those obtained by the use of surrogate standard.
Determination of the breakthrough or volatilization

from gas phase was achieved by analyzing four back-
up samples taken in each sampling microenvironment.
The back-up plug was serially connected to the sample
(front plug). Both of the plugs were individually
extracted and analyzed. The analytes found in the
back-up plug were compared with the front plug.
Portions captured in each plug were calculated as
percent of the total amount for each analyte. The
results showed that retention percentage in the front
plug (real sample) varies from compound to compound
(Table 2). The differences in the retention percentages
among the musk compounds may be attributable to the
differences in their vapor pressures. DPMI has the
highest vapor pressure (5.2 Pa), while MX has the
lowest (0.00003 Pa). Vapor pressure is also a temper-
ature-dependent property (Paasivirta et al., 2002);
therefore, seasonal differences were also thought to
have an effect on the retained amounts. Time of
sampling was November for the classroom, while it was
July for the sports center. As a result, to make sure no
or little breakthrough occurs at relatively higher
temperatures, care should be taken by using a lower
sampling volume, using solid-phase sampling media
with PUF (sandwiched between halves of a PUF
cartridge), or using a combination of solid-phase
extraction and solid-phase microextraction as sug-
gested by Reguerio et al. (2009).

Results and discussion

Particulate-phase concentrations

Indoor air particulate-phase (PM2.5) SMC concentra-
tions were measured in the primary school classroom
and the women�s sports center. In the classroom, five of
eight musk compounds (ADBI, ATII, HHCB, MX,
and AHTN) were detected with frequencies ranging

Table 1 Retention time and ions of synthetic musk compounds

Compound Retention time (min) Target ion Qualifier ion (m/z)

DPMI 9.51 191 206
ADBI 12.15 229 244
AHMI 12.92 229 244
ATII 14.88 215 258
HHCB 14.97 243 213
MX 15.21 282 292
AHTN 15.27 243 258
MK 19.07 279 294
Flouranthene-d10 21.77 212

Table 2 Percent retained in the front plug (the sample)

Compounds The classroom (%) The sports center (%)

DPMI 48.6 € 5.70 49.3 € 10.5
ADBI 86.2 € 5.22 79.8 € 5.11
AHMI – –
ATII 92.6 € 1.89 76.9 € 6.14
HHCB 92.2 € 1.60 76.6 € 5.98
MX 96.7 € 1.86 88.6 € 4.40
AHTN 95.2 € 1.71 84.0 € 5.39
MK – –
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from 40% to 100% (Table 3). The highest concentra-
tions were determined for HHCB and AHTN, while
the lowest concentrations were found for ADBI,
followed by ATII and MX (Figure 1b). In the sports
center, only three musk compounds (HHCB, ATII,
and AHTN) were detected (Figure 1a). Average con-
centrations in the sports center ranged from 0.22 ng/m3

for ATII to 1.34 ng/m3 for AHTN, while it ranged
from 0.05 ng/m3 (MX) to 2.50 ng/m3 (HHCB) in the
classroom (see Table 3).
Indoor air particulate-phase SMC concentrations

were measured only in a cosmetics plant in China
(Chen et al., 2007). The total particulate-phase musk
concentration was reported as 127 ± 41 ng/m3 in a
workshop of the plant. The concentrations dropped to
6.39 ± 1.35 ng/m3 just outside the workshop and to
2.35 ± 0.25 ng/m3 200 m away downwind. The con-
tribution of particulate phase to the total concentration
increased with distance away from the plant. As it may
be expected, the occupational indoor air concentra-
tions were much higher than the concentrations mea-
sured in this study.

Gas-phase concentrations

Average gas-phase concentrations in the classroom
ranged from 0.12 ng/m3 for MK to 267 ng/m3 for
HHCB, while they varied from 0.08 ng/m3 for AHMI
to 144 ng/m3 for HHCB in the sports center (Table 3).
The order of the SMCs from the highest to the lowest
concentration was HHCB > DPMI > AHTN >
ATII > MX > ADBI > AHMI > MK in the class-
room, whereas a different order was observed as
HHCB > AHTN > ATII > DPMI > MX > ADBI
> AHMI in the sports center. Musk ketone was not
detected in the sports center at all. The dominant
compound was HHCB in both of the microenviron-
ments.
Fromme et al. (2004) studied gas-phase SMC con-

centrations in apartments and kindergartens in Berlin.
Among the 74 measurements in kindergartens, HHCB
had the highest concentrations with an average of
101 ng/m3 (range: 15–299 ng/m3), similar to those
measured in this study. HHCB made the greatest
contribution (61%) to the total concentration in
kindergartens, which was followed by AHTN (26%)
and AHMI (12%). DPMI and MX were not deter-
mined in any of the samples, while MK and ATII were
found in a few samples at levels from 12 ng/m3 to a

Table 3 Detection frequencies and the mean concentrations (€standard deviation)

SMC

Primary school classroom Women�s sport center

Gas phase* Frequency (%) Particulate phase* Frequency (%) Gas phase* Frequency (%) Particulate phase* Frequency (%)

DPMI 84.5 € 35.2 100 nd – 16.90 € 6.7 100 nd –
ADBI 1.45 € 0.28 100 0.02 € 0.01 100 1.01 € 0.37 100 nd –
AHMI 0.18 € 0.13 70 nd – 0.08 € 0.06 70 nd –
ATII 58.7 € 12.5 100 0.58 € 0.20 100 31.0 € 13.1 100 0.22 € 0.11 100
HCCB 267.3 € 56.0 100 2.50 € 0.94 100 144.0 € 60.5 100 0.94 € 0.52 100
MX 9.89 € 2.76 100 0.05 € 0.02 90 3.24 € 2.26 100 nd –
AHTN 59.6 € 13.5 100 1.19 € 0.37 100 39.5 € 14.7 100 1.34 € 0.71 100
MK 0.12 € 0.16 40 nd – nd – nd –

*All concentrations in ng/m3, nd, not detected.

(a)

(b)

Fig. 1 The Particulate-phase concentrations (a) primary school
classroom, (b) women�s sports center
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maximum of 17 ng/m3. Chen et al. (2007) also mea-
sured the gas-phase concentrations of polycyclic musks
(DPMI, ADBI, AHMI, ATII, AHTN, and HHCB) in
the air of a cosmetics plant. The total concentration in
the plant was 5416 ± 1079 ng/m3, and 96.5% of
contribution was coming from HHCB and AHTN,
the two highest concentration compounds. These
concentrations are much greater than those measured
in this study. Chen et al. (2007) also measured the
concentrations around the plant and stated that the
levels were sufficiently high to affect habitants around
the plant.
The most frequently detected compounds in our

study are similar to those reported in the literature
except for DPMI. This may be because of the common
use of these compounds in household and personal
care products. In general, DPMI was rarely detected
among other SMCs (Peck and Hornbuckle, 2004;
Ricking et al., 2003). In contrast, Peters (2003) studied
36 brands of perfume to determine the SMCs content
and reported that DPMI was detected in 16 out of 36
brands. In addition, Peters et al. (2008) detected DPMI
in a study of xenobiotic compounds in the precipita-
tion.
The classroom gas-phase concentrations were higher

than those at the sports center (Figure 2). The gas-
phase concentrations measured in the classroom
(ranged from 0.12 ng/m3 for MK to 267 ng/m3 for
HHCB) were similar to the mean concentrations
ranging between 22 and 119 ng/m3 (with a maximum
concentration of 299 ng/m3 for HHCB) reported by
Fromme et al. (2004) for Berlin kindergartens. The
difference observed between the classroom and the
sports center may be attributable to the higher
population density in the classroom as the number of
clothes washed with scented products may be a strong
source assuming children do not use pertinent personal
care products. In addition, according to our experi-
ence, the schools prefer scented cleaning products.
Moreover, differences in the strength of cleaning
products, cleaning durations, the level of natural
ventilation, and the time (season) of the sampling
may have caused the differences in the concentrations.
It was observed that a natural soap was used in the
sports center for cleaning, which makes the personal
care products worn by the attending and working
women and the room freshener as the sole sources of
SMCs. Because both microenvironments were natu-
rally ventilated, varying air exchange rates occur
during the day as windows were opened depending
on the occupants� desire, which causes fluctuations in
instantaneous concentrations and exposures. As a
result, higher exposures than the 8-h average concen-
tration could occur in the sports center for women who
exercise during low ventilation conditions but not
likely in the classroom because children are present in
the most of the 8-h period.

Distribution of SMCs between gas and particulate
phases showed that all the SMCs were dominant in the
gas phase (>96% in the sports center and >98% in
the classroom). Only HHCB, AHTN, and ATII were
determined in the particulate phase as all the others
were 100% in the gas phase in the sports center. On the
other hand, the number of compounds detected in the
particulate-phase samples was higher (ADBI, AHTN,
ATII, HHCB, and MX) in the classroom.

Human health risk assessment

The Scientific Committee on Cosmetic and Non-Food
Products (SCCNFP) of European Union has con-
ducted a human health risk assessment for dermal
exposure to synthetic musk compounds using industry-
provided cosmetic product frequency of use data and
toxicological data reported by Lehman-Mckeeman
et al. (1997), which characterized the profile and
dose–response relationship of microsomal enzyme
induction owing to exposure to MX (SCCNFP,
2004). Assuming a no observed adverse effect level
(NOAEL) of 10 mg/kg per day and 10% absorption

(a)

(b)

Fig. 2 The gas-phase concentrations (a) primary school class-
room, (b) women�s sports center
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(Abs) for the estimated average daily dose (ADD) of
224 lg/kg per day, margin of safety (MOS) was
calculated as 455. On the basis of the T25 method,
lifetime cancer risk of 3 · 10)4 was calculated for the
above-mentioned daily dose. In other words, the
human equivalent dose of 7.3 lg/kg per day corre-
sponds to a carcinogenic risk level of 1 · 10)4. Risk
levels for musk ketone were also calculated, however,
based on the toxicological data produced for MX, i.e.,
NOAEL = 10 mg/kg per day and the human equiv-
alent dose of 7.3 lg/kg per day that corresponds to a
carcinogenic risk level of 1 · 10)4. Based on the
estimated exposure dose of 218 lg/kg per day and
14% absorption, MOS and lifetime carcinogenic risk
were calculated as 333 and 4 · 10)4, respectively. The
opinion of the committee for both of the compounds
was �Taken into consideration that only one animal
carcinogenicity study in one species is available, that it
is likely that the tumors are induced by a non-
genotoxic mechanism and that a threshold may be
present, the calculated risk is considered tolerable.� In
an inhalation exposure study (Fukayama et al., 1999),
rats or hamsters (whole body) were exposed to a
fragrance mixture at 5, 9 or 50 mg/m3 for 4 h per day,
5 days per week for 6 or 13 weeks, which represented a
10–100-fold exaggeration of levels expected to occur
during typical use by consumers. The mixture con-
tained HHCB and MK among other 68 ingredients at a
level of 1% or more. The highest level of the two
compounds in different experiments was 132 and
171 lg/l, respectively. The subchronic exposure did
not result in any significant toxicological effect, so the
authors concluded that the fragrance mixture would
not pose a hazard to the consumers.
The SCCNFP approach was taken as guidance for

the risk assessment of MX and MK in this study. In
calculation of risk levels in the sport center and the
primary school, 100% absorption for inhalation expo-
sure route and heavy activity were assumed as a
conservative scenario. Recommended short-term heavy
activity breathing rate is 3.2 and 1.9 m3/h for adults
and children, respectively (USEPA, 1997). The result-
ing doses were calculated for adults in the sports center
and the children in the school, based on exposure
durations of 1 and 8 h/day, respectively. Average body
weight was taken as 60 kg for adult women and 26 kg
for children aged 7–8 (USEPA, 1997). Average daily
dose (ADD) was estimated using Equation 1, whereas
Margin of Exposure (MOE), which is analogous to
MOS, was calculated using Equation 2. The lifetime
carcinogenic risk estimates were calculated based on
the reported lifetime cancer risk of 1.0 · 10)4 at 7.3 lg/
kg per day (Equation 3).

ADD = (C · IR · ED · Abs)/BW (1)
MOE = NOAEL/ADD (2)

R = ADD · 1.0 · 10)4/7.3. (3)

where ADD is the upper bound estimate of average
daily dose (lg/kg per day); C is the maximum
contaminant concentration in air (lg/m3); IR is inha-
lation rate (m3/h); ED is exposure duration (h/day);
Abs is absorption ratio (unitless); BW is body weight
(kg); R is lifetime carcinogenic risk; and 7.3 is the dose
(lg/kg per day) that corresponds to the risk level of
1.0 · 10)4. The maximum value for concentration was
taken as an upper bound estimate. The estimated risk
levels are presented in Table 4. The levels indicate that
the risk estimates are low (well below the general
acceptable risk levels) and in agreement with the risks
in the literature cited earlier. The estimated inhalation
route exposure doses are much lower than those
estimated by the Committee (SCCNFP, 2004) for
dermal absorption route. However, it should be noted
that the estimated exposure doses in this study cover a
smaller part of the day in which majority of time is spent
at home. Therefore, one needs to draw conclusions
regarding the apportionment of the exposures via
dermal and inhalation routes after having knowledge
on the SMC concentrations in residential indoor air.We
also should note that all estimated human health risk
levels in this study and the dermal route study
(SCCNFP, 2004) are broad estimations with high levels
of uncertainty because of the fact that employed risk
factorswere based ononly one study conductedwith one
species and population variation in exposure factors
were not considered by employing point estimates.

Conclusion

Indoor air gas and particulate-phase concentrations of
polycyclic and nitro musks were measured in a primary
school classroom and a women�s sports center.
Although the majority were found in the gas phase
(>95%), synthetic musk compounds were also
detected in the particulate phase (PM2.5). The concen-
trations were higher in the classroom compared to the
sports center. Exposure–risk assessment showed that
inhalation route is most probably far less significant
than the dermal route; however, because the exposure
duration covered in this study was not the larger
fraction of the day, further investigation is needed and
planned. Even though the particulate-phase concen-
trations were low compared to gas phase, these may
still pose a significant risk, given that the musk

Table 4 Estimated risk levels for musk xylene (MX) and musk ketone (MK)

Musk
compound

Primary school Women�s sport center

ADD MOE R ADD MOE R

MX 8.1 · 10)3 1.2 · 106 1.1 · 10)7 4.5 · 10)4 2.2 · 107 6.2 · 10)9

MK 2.1 · 10)4 4.8 · 107 2.8 · 10)9 NA NA NA

NA, not available due to below detection limit concentrations; ADD, average daily dose
(lg/kg per day); MOE, margin of exposure; R, carcinogenic risk.
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compounds would be available for absorption for
longer periods of time, while particles that hold the
musk and other semi-volatile compounds such as
PCBs, polybrominated diphenyl ethers, phthalates,
etc. sit after settling down on the surfaces of the
respiratory system.
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