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Abstract

In order to present the scientific information of organic emissions from consumer products available, the
current study examined the emissions composition for three different types of consumer products being used
in Korea in an environmental chamber: air freshener (AF), mosquito repellents (MSQR), and moth repellents
(MTHR). Emission rates were evaluated by determining emission rates of the target compound from the
selected products using an electropolished stainless steel (SS) test chamber (40 X 25 X 50 ¢cm®). A time-depen-
dent empirical relationship developed in this study agreed well with the test results. As same with the emis-
sion concentrations, MSQR exhibited the highest emission rate for all target compounds except for limonene
and naphthalene. MTHR (9,200 ug h™') showed the highest emission rate of naphthalene followed by MSQR
(8,300 pg h™"). Moreover, the concentrations in residential bedroom conditions for target compounds emitted
from three types of consumer products were estimated. This estimation suggests that the uses of consumer
products can elevate indoor levels of target compounds. In particular, any types of the consumer products
may increase the indoor level of m, p-xylene.
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al., 2006; CDHS, 2004). These compounds have

1. INTRODUCTION

Even though consumer products are employed to
provide perceived benefits of human life such as
promotion of hygiene and aesthetics (Nilsen er al.,
2002; Rusin et al., 1998), the emissions composition
from them has potentially been associated with
health risks for building habitants. Previous studies
have implicated these consumer products as sources
of indoor air pollutants (Su et al., 2007; Singer et
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been shown to cause symptoms similar to those
forming the Sick Building Syndrome, a group of
symptoms including sleepiness, irritability, inability
to concentrate, and other health hazards (Grande et
al., 2007; ATSDR, 2005; OEHHA, 2003). A major
cause of these health effects for building occupants
is the inhalation exposure to consumer-product con-
stituents and the secondary pollutants produced by
the reaction of unsaturated organic constituents with
oxidants (Nazaroff and Weschler, 2004; Atkinson
and Arey, 2003; Finlayson-Pitts and Pitts Jr., 2000).
The inhalation exposure of indoor air pollutants
associated with the use of the consumer products
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include the inhalation of nonvolatile components as
well as volatile components (Nazaroff and Weschler,
2004). However, the present study focused on the
organic compounds emitted directly from consumer
products.

The chemical composition emitted from the pro-
ducts has been surveyed by several research groups
(Habib et al., 2006; Liu et al., 2004; Wainman et
al., 2000), but investigations have focused on West-
ern Europe and the USA. Very limited information
is available about the emissions composition for the
consumer products available in other countries.
Chemical components and their proportions emitted
from consumer products are suspected to be differ-
ent among manufacturers in different countries.

Three types of consumer products are widely em-
ployed in homes: air fresheners (AFs), mosquito
repellents (MSQRs), and moth repellents (MTHRs).
The major commercial use of naphthalene is in the
manufacture of polyvinyl chloride plastics (ATSDR,
2005). Its major consumer use is in moth repellents
(MTHRs). Air fresheners (AFs) are widely used in
homes and non-industrial work places to supply
pleasant odors and to counteract offensive odors
emitted from a variety of indoor sources (EHANS,
2004). However, AFs emit significant amounts of
variety compounds when applied indoors (Singer ef
al., 2006; Zhu et al., 2001; Salthammer, 1999).
MSQRs release a variety of other toxic compounds
such as carbonyl compounds, fine particles, and
polycyclic aromatic hydrocarbons (Lee and Wang,
2006; Liu et al., 2003; Liu and Sun, 1998). Conse-
quently, the current study examined the emissions
composition for three different types of consumer
products (AF, MSQR, and MTHR) sold in Korea, in
order to provide scientific information about the
emissions composition. This examination was esta-
blished using an environmental chamber.

2. METHODS

A compact group of six target compounds were
selected for chamber tests, and are presented in Table
1. The target compounds were selected on the basis
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Table 1. Method detection limits for target compounds
selected for chamber test.

Compounds Detection limit (j1g m™)
Benzene 0.8
Ethylbenzene 12
Limonene 0.2
Naphthalene 1.1
Toluene 0.5
m, p-Xylene 2.3

Table 2. Information on three consumer products.

Product Phase Full-size Odor
capacity

AF Gel 210g Jasmine

MSQR Liquid 45mL -

MTHR Solid 27g -

i1 12

Fig. 1. Schematic diagram of experimental set-up. 1) air
cylinder; 2) valve; 3) active charcoal; 4) fine filter;
5) mass flow controller; 6) flow controller (dry air);
7) inlet port; 8) sampling port; 9) fan; 10) tempera-
ture and RH monitoring; 11) test specimen and
sample; and 12) sampling port.

of their own toxic effects (OEHHA, 2003; USEPA,
2003; TARC, 2002). Three products were chosen
from each of three different types of consumer (AF,
MSQR, and MTHR) for the chamber tests (Table 2).
An electropolished stainless steel (SS) test chamber
(40 x 25 x 50 cm®) was employed to determine
emission rates of the target compound from the
selected products (Fig. 1). The top of the chamber
acts as a door, the sealing being made with a silicon
gasket. A number of 1/4 in. holes were drilled throu-
gh the SS walls for air inlet and outlet, instrument
connections and sampling ports. The holes were
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stoppered with Swagelok valves or Teflon tape. The
clean air for the chamber is supplied from a zero-
grade air cylinder. The air leakage of the chamber
was determined by measuring the flow rate at the
chamber outlet and comparing this to supply airflow
rate. The chamber temperature ranged between 19
and 24°C. Relative humidity (RH) was measured
between 20 and 26% for the tests of MOSR and
MOTR and between 19 and 54% for AFs just prior
to the chamber inlet and outlet using a humidity
meter (Thermo Recorder TR-72S, T & D Co.). It is
noted that since temperature and RH are important
parameters for emission of volatile compounds
(Colombo et al., 1990), the variation of these para-
meters may influence the emission characteristics
during the course of experiments. The air in the
chamber was mixed by a metal fan (14-cm diame-
ter). Homogeneity within the chamber was tested by
the simultaneous collection of samples at two differ-
ent ports (numbers 8 and 12 in Fig. 1). The disper-
sion of the results obtained from three trials was
within the precision of the measurements (less than
15%). The outlet-flow rate was within 5% of the
inlet-flow rate. Since the velocity near the surface of
the test products can affect the mass transfer coeffi-
cient, the products were tested for emissions under a
typical indoor velocity (5~ 10cms ') (ASTM, 1998).
The ventilation rate was 1+0.05 ACH. This was
tested by means of a digital bubble flow meter and
the amount is comparable to that suggested by the
ASTM (1998). The background concentrations in
the empty chamber were either undetected or just
trace amounts.

Chamber tests started within 10 minutes after the
placement of the full-size test products in the cham-
ber (Fig. 1). The products were half-opened. Cham-
ber-air samples were collected at average elapsed
times of 5, 25, 45, 65, 85, 105, 180, 240, and 300
minutes after initiating the test. Air samples were
collected by passing air through adsorbent tubes,
containing Tenax-TA (Lu er al., 2005; Reisen and
Arey, 2005). The tubes are connected to calibrated
constant flow pumps for 10-min sampling periods.
The sampling pump was calibrated by a digital flow
meter prior to and following the collection of each

sample. The average of these two rates was used as
the sample-flow rate in all volume calculations. The
sample-flow rate was nominally adjusted to 150 to
350 cm*/min, depending on the ventilation rates.
The sampling flow rate did not exceed 50% of the
inlet flow rate, as suggested by the ASTM (1998).

The compounds collected on the Tenax TA trap
were analyzed by coupling a thermal desorption
system (TDS, Tekmar Model Aerotrap 6000) to a
GC (Hewlett Packard 6890) with a flame ionization
detector. A 60-m long fused silica capillary column
(internal diameter 0.32 mm; film thickness 1 pum)
(Supelco Co. SPB-5) was used for the separation of
the target analytes. The GC oven was programmed
from 35°C to 220°C at 4°C min'. The adsorbent
trap was thermally desorbed at 250°C for 10 min,
and the target compounds cryofocussed at —120°C
on a cryo trap (15.2-cm-long, 0.32-cm-o0.d. tube
packed with glass beads). The cold trap was rapidly
heated to 250°C, then the contents were flushed into
the Cryofocusing Module (CM) of the TDS and
cooled to —120°C to refocus the target compounds.
The CM was then heated to 225°C and flushed to
transfer the target compounds to the GC. The initial
oven temperature was set at 35°C for five min and
ramped at 4°C min~' to 200°C for five min.

The quality control program for the measurements
included laboratory and field blank Tenax traps, and
spiked samples. At the beginning of the day, the
laboratory and field blank Tenax traps were analyz-
ed to check for any contamination during the sampl-
ing and analytical procedures. To check the quanti-
tative response, a known standard was directly in-
jected into a trap and the target compounds trans-
ferred to the GC. When the quantitative response
differed by more than & 15% from that predicted by
a specified calibration equation, a new calibration
equation was determined. The precisions and meth-
od detection limits of the target compounds determin-
ed by seven repeated analyses of one of the calibra-
tion standards were within 15% and ranged from 0.5
to 2.3 ug m* (Table 1), respectively. Meanwhile,
since m-xylene and p-xylene were coeluted, the
summed concentrations of the two compounds were
reported.
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Fig. 2. Time-series concentrations of six compounds

emitted from air freshener. The dotted curves re-
present the empirical relationship.
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Fig. 3. Time-series concentrations of six compounds
emitted from mosquito repellent. The dotted cur-
ves represent the empirical relationship.

3. RESULTS AND DISCUSSION

3.1 Concentration-time profile

The time-series emission concentrations were
measured after the introduction of the sample pro-
ducts into the chamber, once for each product. The
following empirical equation was used to describe
the time dependence of concentrations in the cham-
ber:

C=A(l-¢e (D
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Fig. 4. Time-series concentrations of six compounds
emitted from moth repellent. The dotted curves
represent the empirical relationship.

where C, is the concentration as a function of time
(t, min), A is the linear parameter (mg m ), and B
is the rate parameter (min'). Figs. 2 through 4 pre-
sent the measured and the predicted (dotted curve)
time-series concentrations of the target compounds
emitted from the test products. The difference bet-
ween the measured and the predicted values would
be due to unidentified experimental errors. All three
types of consumer products were found to emit ben-
zene, ethylbenzene, toluene, and m, p-xylene. These
compounds were also emitted from various con-
sumer products employed in other countries (Lee
and Wang, 2006; Zhu et al., 2001). Limoene was
emitted from AF only, while naphthalene was emit-
ted from MSQR and MTHR. The empirical rela-
tionship parameters for these figures are presented
in Table 3. Most quasi-steady-state conditions were
achieved between 100 and 150 minutes after initiat-
ing the chamber tests. To determine quasi-steady-
state emission conditions, the procedure included
the determination of the time profiles of the naph-
thalene concentration, which were developed after
the introduction of the sample products into the
chamber. The quasi-steady-state concentration levels
varied according to the type of products or com-
pounds. For AF, correlation coefficients (R?) were
between 0.85 (for limonene) and 0.99 (for toluene).
The linear parameter, A, ranged from 5.0 pg m™>
(for benzene) to 14,000 ug m~ (for limonene), while
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Table 3. Empirical relationship parameters and emission rates for target compounds.

Compound Product type R?

A, linear parameter

B, rate parameter Emission rate

(Lgm™) (min™") (ugh™)
AF 0.93 5.0 0.002 0.055
Benzene MSQR 0.99 39000 0.03 1900
MTHR 0.84 2.0 0.03 0.098
AF 0.95 1500 0.004 26
Ethylbenezene MSQR 0.93 243000 0.02 11000
MTHR 0.82 90 0.007 2.6
AF 0.85 14000 0.03 680
Limonene MSQR NA NA NA NA
MTHR NA NA NA NA
AF NA NA NA NA
Naphthalene MSQR 0.92 181000 0.02 8300
MTHR 0.98 259000 0.01 9200
AF 0.99 2700 0.003 42
Toluene MSQR 0.98 47000 0.02 2200
MTHR 0.92 2800 0.02 130
AF 0.97 4500 0.002 5000
m, p-Xylene MSQR 0.97 173000 0.02 7900
MTHR 0.82 83000 0.2 4200

Note. NA, not available; The criterion for significance in the values of two parameters (A and B) was p< 0.05; The statistical analyses were
performed using the SigmaPlot program (Version 8.0) on a personal computer.

the rate parameter, B, from 0.002 min™' (for benzene
and m, p-xylene) to 0.03 min ! (for limonene). For
MSQR, R? were between 0.92 (for naphthalene) and
0.99 (for benzene). A values ranged from 39,000 ug
m ™ (for benzene) to 243,000 ug m™> (for ethylben-
zene), while for B values from 0.02 min™' (for ethyl-
benzene, naphthalene, toluene, and m, p-xylene) to
0.03 min~' (for benzene). For MTHR, R? were bet-
ween 0.82 (for ethylbenzene and m, p-xylene) and
0.98 (for naphthalene). A values ranged from 2.0 ug
m™ (for benzene) to 259,000 g m™ (for naphtha-
lene), while for B values from 0.007 min™! (for ethyl-
benzene) to 0.2 min ' (for ethylbenzene). A values
are closely related to the quasi-steady state concen-
trations. The high values of R” suggest that the
exponential, empirical relationship fitted well with
the time-series concentrations in the chamber, and
then that the empirical relationship was appropriate
for testing emissions.

3.2 Emission rates of compounds
Assuming perfect mixing within the chamber and
no net loss of target compounds from air due to

other effects such as adsorption on the inner surface
of the chamber and chemical reactions, the emission
rates were calculated from the observed concentra-
tions by employing the following equation (Wallace
etal., 1987):

Ceq—Co=S/Va 2)

where C is the equilibrium concentration (1Ug m™),
C, is the background concentration in the chamber,
S is the source emission rate (ug h™"), V is the vol-
ume of the chamber (m?) and a is the ACH (h™)). In
the present study, C,,, which is the quasi-steady-state
concentration, was calculated using Eq. (1). Since
the background concentrations in the empty cham-
ber were either undetected or trace amounts, C, was
ignored. The V was 0.05 m’. The emission rates of
six target compounds obtained from three types of
products are presented in Table 3. As same with the
emission concentrations, MSQR exhibited the high-
est emission rate for all target compounds except for
limonene and naphthalene. MTHR (9,200 ug h™Y)
showed the highest emission rate of naphthalene
followed by MSQR (8,300 pg h™"). The emission
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rates of consumer products might depend upon the
combined effects of the mass transfer effect, which
increases the emission rates under high ACHs, and
the ventilation effect, which decreases the emission
concentrations under high ACHs (Zhu et al., 1999;
ASTM, 1998).

The household inhalation exposure levels of tar-
get compounds emitted from three types of consumer
products were evaluated by estimating the concen-
trations in residential bedroom conditions. This esti-
mation was done by using the one-compartment
mass balance model (eq. 2). Liu er al. (2003) assum-
ed that the volume of the bedroom is in the range of
50~100 m®. As such, the present study used the
median value of this range: the volume of bedroom
(V)as75m’. A typical ventilation rate, 1 ACH, was
employed (ASTM, 1998). The source emission rates
(S) are presented in Table 3. The indoor air concen-
trations reported by previous studies (Reisen and
Arey, 2005; Chuang et al., 1999; Jo and Moon,
1999) are employed as typical room background
levels (Table 4).

Table 4 exhibits the estimated concentrations
associated with the use of three types of consumer
products and the ratios of the estimated concentra-
tions to background concentrations. For AF, the
ratios for limonene (5.0) and m, p-xylene (5.8) ex-
ceeded 1, whereas those for three compounds (ben-
zene, ethylbenzene and toluene) were similar to 1.
For MSQR, the ratios exceeded 1 for all target com-
pounds, ranging from 1.8 for toluene to 71 for naph-
thalene. For MTHR, the ratios for m, p-xylene (5.0)
and naphthalene (78) exceeded 1, whereas those for
three compounds (benzene, ethylbenzene and tolu-
ene) were similar to 1. This finding suggests that the
uses of consumer products can elevate indoor levels
of limonene and m, p-xylene for AF, m, p-xylene
(5.0) and naphthalene for MSQR, and m, p-xylene
(5.0) and naphthalene for MTHR. Moreover, the use
of any types of the consumer products can elevate
indoor levels of m, p-xylene.

It is noted that certain assumptions employed for
these calculations likely underestimate actual room
concentrations. One is that pollutants emitted from
consumer products are well mixed quickly in rooms,

FEAH718H S A3 A2 5

Table 4. Estimated room concentrations and their ratios
to background concentrations according to the

type of products.
Estimated
Compound Product type concentration Ratio
(ngm™)

AF 5.8 1.0

Benzene MSQR 31 54
: MTHR 5.8 1.0

AF 52 1.1

Ethylbenezene MSQR 152 31
MTHR 4.9 1.0

AF 11 5.0
Limonene MSQR NA NA
MTHR NA NA
AF NA NA

Naphthalene MSQR 113 71
MTHR 124 78

AF 36 1.0

Toluene MSQR 64 1.8
MTHR 37 1.0

AF 81 5.8

m, p-Xylene MSQR 119 8.5
MTHR 70 5.0

Note. Ratio of the estimated concentration to background concentration;
background concentration: mean concentrations for benzene (5.8 ug

m™?), ethylbenzene (4.9 ug m™>), toluene (35 pug m™), and m, p-xylene

(14 g m™®) were reported by Jo and Moon (1999), who measured them
in apartments in a Korean city during winter, without using any MRs;
Chuang ef al. (1999) measured the mean indoor concentration of 2.2 ug
m™> at low-income homes in North Carolina, without excluding smok-
ers; Reisen and Arey (2005) measured the naphthalene of 0.2 to 1.6 ug
m™ in Los Angeles and Riverside during January 2003 (the maximum
value is used for this table); NA, not available.

thereby making pollutant concentration homoge-
neous in rooms. However, the room air may not
completely be mixed. Certain consumer products
like MSQR are generally placed near the bed during
sleeping in order to effectively prevent from mos-
quito biting, actual concentrations inhaled by the
sleepers may be higher than the estimated concen-
trations. Moreover, in certain homes employing
consumer products, the windows of rooms are clos-
ed when air conditioners are operated. These con-
ditions will result in underestimating of actual con-
centrations. In contrast, other parameters such as
mixing between rooms, homogeneous and hetero-
geneous transformation, and sorptive interactions on
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surfaces may overestimate actual concentrations.

4. CONCLUSIONS AND SUMMARY

The present study evaluated the emissions com-
position for three different types of consumer pro-
ducts (AF, MSQR, and MTHR) using an environ-
mental chamber. A compact group of six target
compounds were selected on the basis of their own
toxic effects. Empirical relationship fitted well with
the time-series concentrations in the chamber, there-
by suggesting that the relationship would efficiently
be employed for testing emissions. As same with
the emission concentrations, MSQR exhibited the
highest emission rate for all target compounds ex-
cept for limonene and naphthalene. MTHR showed
the highest emission rate of naphthalene followed
by MSQR. It was suggested that that the uses of
consumer products can elevate indoor levels of li-
monene and m, p-xylene for AFs, m, p-xylene and
naphthalene for MSQR, and m, p-xylene and naph-
thalene for MTHR. In addition, the use of any types
of the consumer products can elevate indoor levels
of m, p-xylene.

ACKNOWLEDGEMENTS

The authors wish to thank Mr. S.H. Shin, Mr.
C.H, Yang, and J.T. Kim, graduate students of the
Department of Environmental Engineering, Kyung-
pook National University, who assisted with sample
analyses. This work was supported by the Korea
Science and Engineering Foundation (KOSEF) grant
funded by the Korea government (MOST) (No. RO
-2006-000-10851-0).

REFERENCES

ASTM (American Society for Testing and Materials) (1998)
Standard guide for small-scale environmental
chamber determinations of organic emissions
from indoor materials/products, STD-ASTM D
5116-97.

Atkinson, R. and J. Arey (2003) Gas-phase tropospheric
chemistry of biogenic volatile organic compo-
unds: a review, Atmos. Environ., 37(2), 197-
219.

ATSDR (Agency for Toxic Substances and Disease Reg-
istry) (2005) ToxFAQs for Naphthalene, 1-
Methylnaphthalene, and 2-Methylnaphthalene,
Atlanta, GA: U.S. Department of Health and
Human Services, Public Health Service, Avail-
able online at http://www.adsdr.cdc.gov/tfacts
67.html.

CDHS (California Department of Health Services) (2004)
Standard Practice for the Testing of Volatile
Organic Emissions from Various Sources Using
Small-scale Environmental Chambers, Indoor
Air Quality Section, Environmental Health Lab-
oratory Branch, Division of Environmental and
Occupational Disease Control, California De-
partment of Health Services, July, 15.

Chuang, J.C., P.J. Callahan, C.W. Lyu, and N.K. Wilson
(1999) Polycyclic aromatic hydrocarbon expo-
sures of children in low-income families, J.
Expo. Anal. Env. Epid., 9, 85-98.

Colombo, A., M. De Bortoli, E. Pecchio, H. Schauenburg,
H. Schlitt, and H. Vissers (1990) Chamber test-
ing of organic emission from building and fur-
nishing materials, Sci. Tot. Environ., 91, 237-249.

EHANS (Environmental Health Association of Nova Aco-
tia) (2004) Guide to less toxic products. Avail-
able online at http://www.lesstoxicguide.ca/
index.asp?fetch=household.

Finlayson-Pitts, B.J. and J.N. Pitts Jr. (2000) Chemistry of
the upper and lower atmosphere, Academic Press,
Orlando.

Grande, S.W., A.JJ.M. Andrade, C.E. Talsness, K. Grote,
A. Golombiewski, A. Sterner-Kock, and I. Cha-
houd (2007) A dose-response study following in
utero and lactational exposure to di-(2-ethyl-
hexyl) phthalate (DEHP): Reproductive effects
on adult female offspring rats, Toxicology, 229,
114-122.

Habib, R.R., A. El-Masri, and R.L. Heath (2006) Women’s
strategies for handling household detergents,
Environ. Res., 101, 184-194.

IARC (International Agency for Research on Cancer)
(2002) Monographs on the Evaluation of Car-
conogenic Risks to Humans, Vol. 82. IARC,
Lyon, France, pp. 367.

J. KOSAE Vol. 23, No. E2(2007)



46 Wan-Kuen Jo, Jong-Hyo Lee, Ho-Jin Lim, Ki-Dong Kwon and Woo-Sik Jeong

Jo, W.K. and K.C. Moon (1999) Housewives’ exposure to
volatile organic compounds relative to proximity
to roadside service stations, Atmos. Environ.,
33, 2921-2928.

Lee, S.C. and B. Wang (2006) Characteristics of emissions
of air pollutants from mosquito coils and candles
burning in a large environmental chamber, At-
mos. Environ., 40, 2128-2138.

Liu, W., J. Zhang, J.H. Hashim, J. Jalaludin, Z. Hashim,
and B.D. Goldstein (2003) Mosquito coil emis-
sions and health implications, Environ. Health
Persp., 111, 1454-1460.

Liu, W.K. and S.E. Sun (1998) Ultrastructural changes of
tracheal epithelium and alveolar macrophages of
rats exposed to mosquito-coil smoke, Toxicol.
Lett., 41, 145-157.

Liu, X, M. Mason, K. Krebs, and L. Sparks (2004) Full-
scale chamber investigation and simulation of
AF emissions in the presence of ozone, Environ.
Sci. Technol., 38, 2802-2812.

Lu, R., J. Wu, R.P. Turco, AM. Winer, R. Atkinson, J.
Arey, S.E. Paulson, F.W. Lurmann, A.H. Miguel,
and A. Eiguren-Fernandez (2005) Naphthalene
distributions and human exposure in Southern
California, Atmos. Environ., 39, 489-507.

Nazaroff, W.W. and C.J. Weschler (2004) Cleaning pro-
ducts and air fresheners: exposure to primary
and secondary air pollutants, Atmos. Environ.,
38, 2841-2865.

Nilsen, S.K., I. Dahl, O. Jorgensen, and T. Schneider
(2002) Micro-fiber and ultra-micro-fiber cloths,
their physical characteristics, cleaning effect,
abrasion on surfaces, friction, and wear resis-
tance, Build. Environ., 37, 1373-1378.

OEHHA (2003) Proposition 65 Status Report Safe Harbor
Levels: No Significant Risk Levels for Carcino-
gens and Maximum Allowable Dose Levels for
Chemicals Causing Reproductive Toxicity, Cali-
fornia Environmental Protection Agency, Office
of Environmental Health Hazard Assessment,
California EPA.

Reisen, F. and J. Arey (2005) Atmospheric reactions influ-
ence seasonal PAH and nitro-PAH concentra-

7| @A A 23 AE2 5

tions in the Los Angles, Environ. Sci. Technol.,
39, 64-73.

Rusin, P., P. Orosz-Coughlin, and C. Gerba (1998) Reduc-
tion of faecal coliform, coliform and heterotro-
phic plate count bactria in the household kitchen
and bathroom by disinfection with hypochlorite
cleaners, J. App. Microbiol., 85, 819-828.

Salthammer, T. (1999) Volatile organic ingredients of
household and consumer products. In: Saltham-
mer, T. (Ed.), Organic Indoor Air Pollutants,
Wiley-VCH, Weinheim, pp. 219-232.

Singer, B.C., H. Destaillats, A.T. Hodgson, and W.W.
Nazaroff (2006) Cleaning products and air fre-
shners: emissions and resulting concentrations
of glycol ethers and terpenoids, Indoor Air, 16,
179-191.

Su, H.J., C.J. Chao, H.Y. Chang, and P.C. Wu (2007) The
effects of evaporating essential oils on indoor
air quality, Atmos. Environ., 41, 1230-1236.

USEPA (United States Environmental Protection Agency)
(2003) Health effects support document for na-
phthalene. EPA 822-R-03-005, Office of Water,
Health and Ecological Criteria Division, Wa-
shington DC. Available online at http://www.
epa.gov/safewater/ccl/pdf/naphthalene.pdf.

Wainman, T., J.F. Zhang, C.J. Weschler, and P.J. Lioy
(2000) Ozone limonene in indoor air: a source
of submicron particle exposure, Environ. Health
Persp., 108, 1139-1145.

Wallace, L.A., E. Pellizzari, B. Leaderer, H. Zelon, and L.
Sheldon (1987) Emissions of volatile organic
compounds from building materials and con-
sumer products, Atmos. Environ., 21, 385-393.

Zhu, J., ). Zhang, and C.Y. Shaw (1999) Chemical compo-
sition analysis and its application in estimation
of VOC emission rates from hydrocarbon sol-
vent-based indoor materials, Chemosphere, 39,
2535-2547.

Zhu, J., X.L. Cao, and R. Beauchamp (2001) Determina-
tion of 2-butoxy ethanol emissions from selected
consumer products and its application in assess-
ment of inhalation exposure associated with
cleaning tasks, Environ. Int.. 26, 589-597.



