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a  b  s  t  r  a  c  t

A  new  approach  for  estimating  chemical  emissions  from  wet  products  has  been  developed.  The  concept  of
such approach  is that  emission  rates  can  be estimated  from  the  amount  of  target  chemicals  in the  product
as  a function  of  evaporation  time.  Samples  were  placed  under  a laboratory  fume  hood  under  controlled
conditions  (surface  air velocity  and  temperature).  Weight  losses  of  the  product  were  monitored  and
residuals  at different  time  intervals  were  chemically  analyzed.  Emission  factors  of  the  target  chemicals
were  then  calculated  based  on  the  weight  losses  and  residual  levels  of  the  chemicals.  To  demonstrate
the  applicability  of  this  approach,  two  wet  products  with  very  different  physical  characteristics,  one
liquid  and  one  paste-like  viscous  fluid,  were  chosen.  Emissions  of two principle  chemicals  in the  prod-
easurement techniques
eigh loss
et  products

ucts,  decamethylcyclopentasiloxane  (D5),  and  dodecamethylcyclohexasiloxane  (D6)  were  measured.  The
influences  of  initial  sample  weight,  surface  air  velocity,  and  temperature  were  investigated.  The calcu-
lated emission  profiles  were  compared  with  those  obtained  from  the  chamber  method.  The  described
approach  could  be  used  as  an alternative  screening  method  for  emission  tests  of  wet  products,  espe-
cially  for  compounds  with  low  vapour  pressure  when  sink  effect  poses  serious  challenge  in  traditional
chamber-based  emission  tests.
. Introduction

There has been a growing concern about the quality of indoor
nvironment, which has been associated with adverse health
ffects that have significant socio-economic impacts. Emissions of
hemicals from consumer products, and building materials, are
mportant contributors to such chemicals in air [1–5]. Understand-
ng the emission behaviour of chemicals from products is critical
or predicting the concentration and occupant’s exposure to these
hemicals, and for the design of better mechanical ventilation sys-
ems. Studies have shown that concentrations of many airborne
hemicals are higher in indoor air than in outdoor air, which means
hat they have strong indoor-related sources [6,7]. Major sources
f these compounds include consumer products such as cosmetics,
erfumes and deodorants.

In general, the product emission rate is controlled partly by
nternal diffusion as a result of concentration gradient and partly by

urface emissions through convection or evaporation due to inter-
ction of the material surface with adjacent air [4,5,8].  Emission
rom wet products is characterized by its initially high but fast

∗ Corresponding author. Tel.: +1 613 946 0305.
E-mail address: jiping.zhu@hc-sc.gc.ca (J. Zhu).
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decay profiles [9]. Air temperature, relative humidity and surface
air velocity have a pronounced impact on the product emission rate.
Environmental chambers in which these parameters can be con-
trolled are therefore commonly used as the standard procedure in
product emission testing [1,4,8].

One of the challenges facing chamber-based emission tests is
the sink effect, which refers to the phenomenon in which chemi-
cals emitted from the products are adsorbed on the inner surface
of the chamber and its sampling system [10,11].  The severity of the
sink effect increases as the vapour pressure of the target chemical
decreases [12]. Therefore, the sink effect poses particular challenge
for measuring emissions of chemicals with low vapour pressure
such as di-(2-ethylhexyl) phthalate [13] and nicotine [14]. Quan-
titative loss of decabromodiphenylether (BDE-209) to the interior
surfaces of the chamber system was also observed [2].  The sink
effect has so far proven to be one of the major issues in estimating
an accurate product/material emission profile [15].

Efforts have been made to minimize the sink effect in chamber-
based emission tests by either reducing the interior surface area
[16,17] or developing predictive tools compensating for the sink

effect [10,18]. The objective of this study is to illustrate a new con-
cept for an alternative approach to the chamber-based method.
The uniqueness of the proposed method is based on measuring (1)
the product weight losses over a period of time, and (2) chemi-

hts reserved.
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al residual levels in the product over that period. Although many
esearchers have used electronic balance to measure the overall
missions, none has developed a method for the individual chem-
cal emissions [19]. In this study, both product weight loss and
hemical residual analysis are determined in order to estimate
missions of individual chemicals from two wet products without
he use of a chamber, hence eliminating the errors caused by the
ink effect.

. Experimental

.1. Samples, standards and reagents

Two wet products, one diaper cream and one pump-bottled
ragrance were obtained from retail stores in Canada [5].
ecamethylcyclopentasiloxane (D5) and dodecamethylcyclohex-
siloxane (D6) were obtained from Sigma–Aldrich Canada Ltd.
Oakville, ON, Canada) and Fluorochem Ltd. (Derbyshire, UK),
espectively. Hexane and methylene chloride were obtained from
mniSolv (EM Science, Gibbstown, NJ). All standard solutions were
repared in either hexane (for the residual analysis of chemicals in
roducts) or methylene chloride (for the analysis of ORBO-43/XAD-

 tubes collected from the field and laboratory emission cell (FLEC)
ests).

.2. Apparatus

The weight losses of the two test products were monitored using
n electronic balance (Denver APX-323, readability = 0.001 g, Fisher
cientific, Ottawa, ON, Canada), with a data recorder. Aluminum
eighing dishes (52 mm in diameter, resulting in an evaporation

urface area (A) of 21.2 cm2) (VWR, Mississauga, ON, Canada) were
sed as the substrate, on which the products were placed. The sur-
ace air velocity above the sample surface in the laboratory fume
ood was monitored by a TSI 9880 surface air velocity meter (Shore-
iew, MN,  USA). The room temperature and relative humidity were
onitored by a Cole-Parmer 37950-10 thermo-hygrometer (Fisher

cientific). A temperature-controlled heating pad (VWR 575 digi-
al hotplate stirrer, Mississauga, ON, Canada) was used to heat the
eighing dishes when desired.

.3. Measuring weight loss over time and sample preparation for
esidual analysis

The balance and the aluminum dishes were placed at the con-
tant height in the fume hood and with the same distance from
he sash (Fig. 1) to achieve the same surface air velocity during
he experiments. Earlier work showed that the surface air velocity

nd turbulent intensity have significant impact on the emission rate
4,8]. The height of the sash was adjusted to achieve desired surface
ir velocity. To mimic  the indoor air condition, experiments were

ig. 1. Experimental setting: balance and sample dishes are placed inside a fume
ood.
aterials 192 (2011) 1026– 1032 1027

also carried out by placing sample dishes on a laboratory bench,
outside the laboratory fume hood.

The diaper cream (0.5 g) was  applied on the aluminum dish
using a spatula and spread it to the entire surface of the dish using a
flat bottom of a clean 2-mL GC vial. As per the spray, because it was
impractical and difficult to control the spray action during sam-
ple loading, the spray head of the bottled fragrance was therefore
removed and the liquid (0.4 g) was transferred to the aluminum
dish with a Pasteur pipette to form a thin film by gently swirling
the dish. Attention was paid to apply similar amount of the prod-
ucts to each replicate sample dish. The sample-loaded dishes were
set to the stand with starting time recorded.

One of the sample dishes was  placed on the electronic balance
and its weight loss over time was monitored: it was measured every
30 seconds and the average values of every 4 minutes were calcu-
lated and recorded. Each sample had several replicates for chemical
analysis. For diaper cream product, a small aliquot (about 0.1 g) of
the diaper cream in the replicates, aluminum dishes that were not
on the balance, was taken at respective evaporation times using a
spatula and placed in a 15-mL vial for residual analysis.

For the fragrance, due to difficulties in sampling aliquot from
the sample dishes, residual levels of the target chemicals at differ-
ent evaporation times were measured using a different procedure.
Same amount of the fragrance (0.3 g) was added to two groups of
15-mL vials. One group of vials was evaporated under a breeze of
nitrogen flow of 1000 mL  min−1 above the liquid at a flow rate of,
mimicking slow evaporation. The other group of vials was under
a flow rate of 2000 mL  min−1 to achieve a higher evaporation rate
where visible waves and splashes of the liquid surface were observ-
able. The vials were capped after various evaporation times for
residual analysis.

2.4. Residual analysis

The general extraction procedure of D5 and D6 from the prod-
ucts was  described elsewhere [5].  Briefly, 4 mL of hexane was  added
to the 15-mL sample vial. After mechanical shaking and centrifu-
gation, the upper clear layer was collected and properly diluted for
the gas chromatograph–mass spectrometry (GC–MS) analysis.

GC–MS analysis was carried out using Agilent 6890 N coupled
with 5973 MSD  (Agilent Technologies, Palo Alto, CA, USA) [5].  D5
and D6 were separated using a 30 m × 0.25 mm i.d. × 0.25 �m film
thickness DB-5MS column (J&W Scientific, Folsom, CA, USA). The GC
injection port temperature was  set at 280 ◦C; GC oven temperature
was  set at 45 ◦C for 5 min, increased to 210 ◦C at 15 ◦C min−1, fur-
ther to 270 ◦C at 8 ◦C min−1, and to 310 ◦C at 30 ◦C min−1, and kept
at 310 ◦C for 25 min. The MS  was  operated in full scan mode. The
ions used for quantifying D5 and D6 were m/z  355 and m/z  341,
respectively. The qualification of the target chemicals was based
on the related mass spectrum of each chemical extracted from the
chromatograms.

2.5. Chamber test

A field and laboratory emission cell (FLEC) (FL-0001/FL-0150,
Chematec, Denmark) was used for emission tests. Test sample
was  applied to the bottom of the aluminum weighing dish and
placed inside the FLEC. The temperature and relative humidity
of the incoming nitrogen gas were controlled at 24.0 ± 0.2 ◦C and
50 ± 1% RH. The flow rate (FR) of the FLEC was 540 mL  min−1 and
740 mL  min−1 for diaper cream and fragrance, respectively. ORBO-

43/XAD-2 tubes (Sigma–Aldrich) were used to capture the target
chemicals (D5 and D6) in the outlet air of the FLEC. Methylene
chloride was used to elute these chemicals for GC–MS analysis.
Emission factor (EF, mg  m−2 h−1) of target chemicals was then esti-
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ated from the concentrations of target chemicals in the chamber
ir (C, mg  m−3) using EF = C × flow rate/evaporation surface area.

. Results and discussions

.1. Concept of non-chamber test method

Fig. 1 illustrates the experimental set-up for placing multiple
ishes in the fume hood. The airflow through the opening of the
ume hood window was controlled by the position of the sash. All
ample dishes in the fume hood are placed parallel to the fume
ood window and at the same height and distance from the sash

n order to obtain similar evaporation condition among all sample
ishes. They therefore, can be considered replicate samples in the
xperiment. One of the sample dishes was placed on an electronic
alance while others on the stands.

The weight losses of the product in the weighing dish were mon-
tored in real time using an electronic balance, while the residual
evels of target chemicals in other aluminum dishes were period-
cally analyzed. The loss of the target chemicals, equivalent to the
mount of chemicals emitted from the product, at various evapora-
ion times can be determined if the remaining weight of the product
nd the residual levels of the target chemicals in the remaining sam-
le at various evaporation times are known. This can be achieved by
nalyzing the residual levels of the target chemicals in the replicate
amples that are arranged under the same experimental condi-
ions at different evaporation times from the sample dishes whose
eight are monitored. The residual levels of the target chemicals

t different sampling times can then be applied to the weight loss
urve to calculate the remaining amount of the target chemicals in
he test product over time. Thus, at any given time t, the weight of

 target chemical in the remaining product (Wt) can be calculated
sing,

t = PtCt (1)

here Pt is the weight of the remaining product that is obtained
rom the weight loss curve and Ct is the concentration of the target
hemical in the product at time t. Once the Wt is known, emission
rofiles can be generated by plotting the emission rate (Wt1 − Wt2)
s a function of time. Since the evaporation is dependent on the
urface area (A) available for the evaporation, the emission factor
EF) is used to characterize the emissions (Eq. (2)).

F(mg m−2 h−1) = Wt1 − Wt2

(t2 − t1)A
(2)

.2. Method performance

Fume hood provides an easy way to control the surface air veloc-
ty for evaporation by adjusting the fume hood sash. The surface air
elocity above the samples was relatively stable during the prod-
ct evaporation period. Even at a relatively high surface air velocity
f 0.75 m s−1 the relative standard deviation of the air velocity was
nly about 3% (Fig. 2). The measurements of low surface air velocity
n the experiments that were conducted on the lab bench rather
han those in the hood were limited by the sensitivity of the air
elocity meter which has a detection limit of 0.03 m s−1. Therefore,
he measured air velocity in the bench experiments was less than
.03 m s−1. While the laboratory temperature was well controlled
y the building heating, ventilation and air conditioning system
ith a standard deviation (s.d.) of 0.2 ◦C, the day-to-day variation

f relative humidity in the laboratory could not be controlled. As

emonstrated in Fig. 2, not only were the values of the RH in the
oom very different in the consecutive two days, but also drifted
pwards during the second day probably due to sudden changes in
he outdoor air condition.
Fig. 2. Air velocity and relative humidity in a fume hood monitored over 30 h. Room
temperature was  23.7 ± 0.3 ◦C. (+) surface air velocity; (×) relative humidity (%).

Since the surface air velocity may  create a slight pressure and
impact the balance reading, the performance of the electronic bal-
ance used in the study was investigated. Compared to the situation
of zero air velocity, the highest air flow of 0.75 m s−1 used in this
study resulted in a mean reading of 0.009 g (s.d. = 0.003 g) over a
period of 24 h. Since in each experiment, the balance was always
tared (for the resetting of zero reading) prior to the sample load-
ing, this reading due to air pressure can be corrected. However, the
variation of the balance reading would limit the detection of small
changes of product weight during the weight loss measurements.
In this case, a detection limit of the weight loss measurement of
0.009 g was  estimated based on 3 times the standard deviation
(s.d. = 0.003 g) of the balance reading. The detection limit however,
can be further improved by employing a more sensitive and stable
electronic balance to detect small changes in the weight loss of the
product [20].

3.3. Product weight loss profile

Figs. 3A and 4A describe the weight loss curves of the fragrance
and diaper cream under different experimental conditions of tem-
perature (24–32 ◦C) and surface air velocity (0.03–0.75 m s−1). The
remaining weights were normalized to eliminate the small differ-
ences in sample loadings among the test products. It is clear that
a higher temperature or a higher air velocity resulted in a higher
weight loss rate. The profiles of the two products behaved quite dif-
ferently. The product weight loss curve of the fragrance decreased
first linearly over time and then leveled off at about 20% remaining
weight (Fig. 3A). A non-linear decrease was  observed in the weight
loss of diaper cream (Fig. 4A). The former product is mostly liquid
and weight loss profile resembled that reported for the pure liquid
mixture [19]. The diaper cream is a thick semi-solid mixture. The
evaporation of components in the sample is a more complicated
process: it is not only controlled by the external environment such
as temperature and surface air velocity, but also governed by the
internal diffusion rates of the volatile components during evapora-
tion, and the interaction between the volatile components and the
substrate [4,6,8].

The weight loss profile determined by the balance method was
reproducible. Fig. 5 shows that two diaper cream samples evapo-
rated in two  different days provided almost identical weight loss
profiles over a 24-h period under the same air velocity (0.75 m s−1)
and initial amount of 0.532 g. However, the initial amount that
applied to the aluminum dish could influence the product weight

loss profile. The normalized weight losses showed clear differences
among the initial weights of 0.677 g, 0.532 g and 0.522 g measured
under the same condition (Fig. 6). For example, a difference of 2.8%
in percentage weight loss between samples with initial weight of



R. Wang et al. / Journal of Hazardous Materials 192 (2011) 1026– 1032 1029

Fig. 3. Emission test results of fragrance under various temperature (t) and surface
air velocity (v) conditions. (A) Normalized weight loss curve; (B) emission factors of
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Fig. 4. Emission test results of diaper cream under various temperature (t)
and surface air velocity (v) conditions. (A) Normalized weight loss curve; (B)
emission factors of D5; (C) emissions of D6. (�) v  = 0.03 m s−1, t = 32.0 ◦C; (+)
v = 0.75 m s−1, t = 23.7 ◦C; (�) v  = 0.55 m s−1, t = 23.7 ◦C; (×) v = 0.35 m s−1, t = 23.7 ◦C;
(©)  v  = 0.03 m s−1, t = 23.7 ◦C; and (�) FLEC test, v = 0.02 m s−1,  t = 24 ◦C.
5;  (C) emissions of D6. (�) v  = 0.03 m s−1, t = 32.0 ◦C; (+) v  = 0.75 m s−1, t = 23.7 ◦C; (�)
 = 0.55 m s−1, t = 23.7 ◦C; (×) v = 0.35 m s−1, t = 23.7 ◦C; (©) v  = 0.03 m s−1, t = 23.7 ◦C;
nd (�) FLEC test, v  = 0.02 m s−1, t = 24 ◦C.

.677 g and 0.522 g was observed at 2 h, it grew to 5.7% at 4 h, 7.3%
t 8 h and 8.8% at 16 h. It is understandable that for the same sur-
ace area, a larger quantity takes longer than a smaller quantity to
each the same percentage of weight loss. It seems that the weight
oss decay rate is smaller for samples with larger quantity due to
ome internal diffusive mechanisms. The initial evaporation rate
owever, is controlled by the surface area not the applied amount.
s shown in the inserted figure, the regression for the first hour had

inear weight loss curves and the decay constants were very similar
mong the samples with three difference initial weight.

It is therefore critical to have same initial amount applied to
he replicate dishes for the test. The sample loading (g cm−2) in
his study was chosen considering the following two factors. The
mount should be close to the reported user patterns so that to have

he weight loss profile relevant to the real situation [21,22],  and
hould be in the range for easy handling and good reproducibility.
n this study, the initial sample weight was kept close to 0.5 g for
he diaper cream and 0.4 g for the fragrance.

Fig. 5. Comparison of diaper cream weight loss with same initial weight of 0.532 g
conducted at two  different times. t = 23.7 ◦C, v  = 0.75 m s−1. (+) Sunny days; and (�)
Rainy days.
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ig. 6. Influence of the initial weight on weight loss of the diaper cream. t = 23.7 ◦C
rst  60 min  at a rate of 0.03.

.4. Residual analysis

Residual analysis of target chemicals in the remaining sample is
nother critical aspect for the accurate determination of chemical
mission profiles. For the diaper cream, this could be achieved by
cooping a small quantity out of the product in the replicate alu-
inum dishes at various evaporation times and determining the

oncentrations of the target chemicals by GC–MS.
Because of the difficulties in sampling liquid in the dish, resid-

al analysis of the liquid fragrance had to be conducted using a
ifferent approach. Assuming internal diffusion of a chemical in a

iquid is fast enough and the concentration in the liquid is therefore
n equilibrium state at any given time during the evaporation, the
esidual levels of the chemicals in the remaining product is solely
epended on the percentage of liquid evaporated. Hence, the con-
entrations of the target chemicals (D5 and D6) were determined
eparately under two nitrogen flow rates. Both flow rates produced
imilar results, the residual levels of D5 and D6 was independent
rom the nitrogen flow rate and was dependent on the percentage
f liquid evaporated. The measured concentrations as a function of
ercentage of product evaporated were then used to calculate the
emaining target chemicals using the product weight loss profile
escribed in Fig. 3A.

.5. Chemical emission over time from different products: the
ume hood method

The emission factors (EF, mg  m−2 h−1) of the two target
hemicals (D5 and D6) from two products determined by
he above mentioned fume hood method are presented in
igs. 3B and C, and 4B and C for fragrance and diaper cream, respec-
ively. The boiling points and the vapor pressures (at 25 ◦C) of D5
nd D6 are 23 Pa and 4 Pa, respectively. D5 emission factors were
igher than that of D6, consistent with the volatilities of the chem-

cals.
Similar to the weight loss profile, both temperature and sur-

ace air velocity had an impact on the emission factors of the target
hemicals. When the temperature increased from 24 ◦C (room tem-

erature) to 32 ◦C (skin temperature) for the emission tests of
iaper cream, the emission factors increased by about three times
from about 3000 mg  m−2 h−1 to 10,000 mg  m−2 h−1) for D5 and

ore than four times (from 400 mg  m−2 h−1 to 1900 mg  m−2 h−1)
.75 m s−1; (+) 0.532 g; (−) 0.552 g; and (�) 0.677 g. Insert: linear weight loss in the

for D6, respectively. A positive relationship between emission fac-
tors of D5 and temperature could also be observed for fragrance
where the emission factor increased 5 times when the temperature
changed from 24 ◦C to 32 ◦C.

The emission factor of D6 for fragrance increased over time to a
maximal value before decreasing. The time of the maximal emission
factor corresponded well with the time when the linear decrease of
product ceased and the weight loss curve leveled off (Fig. 3A). Since
the initial concentration of D6 in the fragrance was very small at
about 2% compared to 60% of D5, the initially evaporated prod-
uct contained largely D5 and other more volatile components. As
the evaporation progressed, D6 became progressively concentrated
resulting in increased emission factors to a maximal value.

A further comparison of the emission profiles of the two
products reveals that in the high surface air velocity ranging of
0.35–0.75 m s−1, surface air velocity had little impact on the emis-
sion factors of D5 and D6 for the diaper cream. A difference in
emission factors can only be seen when this high surface air veloc-
ity was  compared to the one near the instrument detection limit
of 0.03 m s−1 (Fig. 4B for D5 and C for D6). For fragrance how-
ever, emission factors changed significantly in this high surface air
velocity range (Fig. 3B for D5 and C for D6). The different emis-
sion behaviours of the two  products indicates that internal diffusion
in the diaper cream sample was  probably one of the limiting fac-
tors in determining the emission rate at high air velocity, while
the internal diffusion plays negligible role in the emission rate of
chemicals from liquid samples. Internal diffusion, however, did not
have significant role in the evaporation of overall components in
the product, as the product weight loss profiles were different at
the high air velocity range (Fig. 4A).

3.6. Comparison to emission profiles generated by FLEC

The emission factors of D5 and D6 resulting from FLEC tests are
also shown in Figs. 3 and 4 for the two  products. The emission fac-
tors of D5 and D6 measured in FLEC tests were in the same range
as those determined by weight loss tests that were conducted at
low air velocity (0.03 m s−1), especially at the early period of the

emission times. Considering the uncertainties and limitations of
both experimental settings as stated below, the emission factors
between the two  methods were comparable. First, the air velocity
value inside FLEC is difficult to characterize [23,24].  So there was
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 great uncertainty in the actual surface air velocity in FLEC tests.
he determination of low surface air velocity above the laboratory
ench in a typical indoor environment was also difficult to achieve
s such low air velocity is already in the range of the detection
imit (0.03 m s−1) of the air velocity meter used in the study. The
ncertainty of the air velocity might be the major contributor to the
ifferences between the emission factor values of the two  methods.
econd, compared to the fume hood method, the decrease of emis-
ion factors during the late period of the experiment in the FLEC
ests (dash lines in Figs. 3B and C, and 4B and C) was  much smaller
slower decay). This might be due to the reemitting of the chemicals
rom reversible absorption of the chemicals on the inner surface
f the FLEC system during emission tests, a phenomenon called
ink effect. de Bortoli et al. estimated in a European wide inter-
aboratory comparison study that, when other errors in chamber
peration were eliminated, the loss of chemicals in FLEC cham-
ers, due to sink effect, was likely to be about 40% for dodecane
b.p. = 216.2 ◦C), and 65% for TXIB (2,2,4-trimethyl-1,3-pentanediol
iisobutyrate) (b.p. = 281 ◦C) [25]. Since boiling point of D5 and D6

s 211 ◦C and 245 ◦C, respectively, the degree of sink effect D5 and
6 in our FLEC was likely similar. In the fume hood method, such

eemitting phenomenon, which is caused by the sink effect does
ot occur. The absence of the sink effect could mean more robust
mission results.

. Conclusions

This study has demonstrated an experimental design aiming
t estimating the emission factors of chemicals from test prod-
cts by determining the weight loss and the remaining amount
f the chemicals in the product over time. Two very different types
f wet products were tested. They represented liquid and semi-
iquid samples respectively. As a result, two different approaches
ave been taken for the residual analyses: measurement of con-
entrations of chemicals in replicate sample dishes in one case and
etermination of the concentrations as a function of percentage of
vaporation of the product independently in the other case. Both
echniques produced emission factors that were relatively compa-
able to those determined by a chamber-based (FLEC) method.

Although the degree of sink effect in the FLEC tests was not esti-
ated in this study, emission factors of D5 and D6 determined at

4 h were higher in FLEC than those in the balance method. This
ight indicate additional emissions from the secondary source due

o sink effect in FLEC tests and/or due to variations of air velocity
etween these approaches. Due to the design of the experiment,
he balance method developed here eliminates the sink effect that is
ssociated with emission chambers and provides more information
bout the air movement over the sample. In this non-chamber test
ethod, emissions were estimated by the remaining chemical in

he sample, instead of from the chamber air concentration. There-
ore, the loss of chemicals to the surface of the testing facility did
ot impact the determination of emission factors in the fume hood
ethod. This could be particularly important for estimating emis-

ion factors of chemicals that may  have strong sink effects using
raditional chamber tests.

Meanwhile, the developed balance method conducted in a fume
ood is also flexible in setting up the experimental conditions.
or example, the temperature-controlled heating pad heats the
amples while maintaining the surrounding environment at room
emperature. Such experimental setting can mimic the tempera-
ure of the skin on which the personal care products were applied,
hich may  be useful for dermal exposure assessment [5].
This paper represents a proof of concept, as the first attempt to
se non-chamber methods to estimate products emission factors.
he study focused on emissions of chemicals from wet products.
ore studies are needed to further improve, validate and cali-
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brate the method. For example, a more sensitive microbalance with
a better detection limit might dramatically increase the method
detection sensitivity to the small weight changes in products dur-
ing the tests allowing potential application of this method in the
emission measurement of chemicals with lower vapour pressure
such as semi-volatile organic compounds like polycyclic aromatic
hydrocarbons and phthalic acid diesters. Unlike environmental test
chambers, control of humidity in a room was proven to be diffi-
cult. Although the emissions of lipophic compounds such as D5
and D6 are less prone to the change of humidity, emissions of some
other chemicals, particularly the polar ones could be influenced
by relative humidity [1,26].  A better control of relative humidity
within a room will certainly improve the method performance. This
methodology however, with further improvements, could provide
an alternative way  to measure emission profiles of wet products
for the benefits of eliminating sink effects of the chamber tests,
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