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Abstract

The Influence of Temperature on the Fate and Transport of Phthalates in

Indoor Environments

Chenyang Bi, M.S.E.
The University of Texas at Austin, 2014

Supervisor: Ying Xu

Phthalate esters are extensively used as plasticizers in building materials and consumer
products, but are associated with serious health concerns. They are ubiquitous indoors,
redistributing from their original source to all interior surfaces, including airborne particles, dust,
and skin. The main objective of the research is to investigate the influence of temperature on the
fate and transport of phthalates in indoor environments. In this study, the concentrations of
benzyl butyl phthalate [BBzP] and di-2-ethylhexyl phthalate [DEHP] in indoor air, settled dust,
and on different interior surfaces including mirror, glass, plate, cloth and wood were measured
periodically in a test house. The measurements were conducted at temperatures of 21 <C and
30<C, respectively. In addition, sorption Kinetics was also monitored at the temperature of 21
<. The air concentrations of BBzP and DEHP at 21 <C range from 141 ng/m?® to 210 ng/m? and
66 ng/ m® to 100 ng/ m3, respectively. For impervious surfaces such as dish plates, the surface
concentrations reached steady-state concentrations in less than 24 hours, to the level between 2
and 8 pug/m? for both BBzP and DEHP. In contrast, the time to reach steady state was much
longer for porous surfaces such as hardwood (>1 week) and dust (> months). With the
temperature increase to 30 <C, the gas phase concentrations of BBzP and DEHP increased by
about five times, and the surface concentrations on various surfaces also increased
correspondingly. This investigation suggests that temperature has an important influence on the

fate and transport of phthalates in indoor environments.
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Chapter 1: Introduction

Indoor air quality has emerged as a very important topic in recent years. Modern indoor
environments contain a vast array of materials and products, many of which emit harmful
contaminants (Weschler 2009). Emissions from these sources produce indoor concentrations
that are substantially higher than outdoors (Rudel and Perovich 2009). Because people spend 90
percent of their time indoors (Klepeis et al. 2001), indoor exposure is often orders-of-magnitude
greater than outdoors. The scale of the problem is vast, with estimated health and productivity
gains that could be achieved by improving the indoor environment worth as much as $200 billion
per year in the US alone (Fisk 2000). Indeed, the problem is likely to get even worse with the
renewed drive for “air-tight” energy-efficient buildings. Among indoor contaminants, semi-
volatile organic compounds (SVOCs) are found in a wide range of building materials and
consumer products such as vinyl flooring, carpet padding, wall coverings, floor tiles, furniture,
and electronics (Bornehag et al. 2005). These SVOCs are used as additives to enhance product
performance and are often present in the product at percent to tens-of-percentage levels
(Weschler and Nazaroff 2008). However, their indoor occurrence, fate, and transport have not
been widely studied as other indoor contaminants, such as volatile organic compounds (VOCs)
and inorganic gases, due to the challenges associated with sampling and analysis of SVOCs.
With a vapor pressure typically less than 10 Pa, these compounds emit slowly and partition
strongly to dust, particles and other interior surfaces, which may result a relatively longer time to

transport between sources and sinks.



Among the most abundant SVOCs in indoor environments, phthalates are ubiquitous and have
been widely used as plasticizers to enhance the flexibility of polyvinylchloride (PVVC) products
(Clausen et al. 2012). The global production rate of phthalate plasticizers has increased from 2.5
to 6 million tons/year within a decade (Rudel and Perovich 2009; Schossler et al. 2011; Cadogan
and Howick 1996). Bornehag et al. (2005) reported that di (2-ethylhexyl) phthalate (DEHP)
accounts for roughly 50% of overall phthalate production. Other phthalates commonly found
indoor are n-butyl benzyl phthalate (BBzP), di-n-butyl phthalate (DnBP), diisobutyl phthalate
(DIBP) and diethyl phthalate (DEP). Because phthalate additives are not chemically bound to

the polymer matrix, they may be emitted slowly from the materials to the air (Xu et al. 2012).

Recent studies suggest that exposure to some phthalates may result in irreversible changes in
development of the human reproductive tract (Heudorf et al. 2007; Jaakkola et al. 2008; Latini et
al. 2006; Matsumoto et al. 2008; McKee et al. 2004; Ritter et al. 2007); increase the risk of
asthma, rhinitis, and allergies (Bornehag et al. 2005; Bornehag et al. 2004; Jaakkola et al. 1999;
Kolarik et al. 2008; Qie et al. 1997); and affect endogenous hormones (Rudel and Perovich
2009). Although the negative health impacts caused people’s attention, phthalates are still the
most important plasticizer in the market (Schossler et al. 2011). However, following the
restrictions on using certain phthalates in toys and child care products (CPSC 2008), phthalates
used in PVC products are changing rapidly, with a trend toward using phthalates of higher
molecular weight and lower volatility (Schossler et al. 2011; Cadogan and Howick 1996; CPSC
2008; Weschler 2009). Alternative plasticizers, such as diisononyl cyclohexane-1,2-

dicarboxylate (DINCH) and di(2-ethylhexyl) adipate(DEHA), are also being used, but because



they share chemical structures and properties similar to phthalates, similar emissions and

environmental fate and transport may be expected (Schossler et al. 2011).

Phthalates as well as other SVOCs partition strongly to all interior surfaces, including airborne
particles, dust, and skin (Weschler and Nazoroff 2008; 2010; 2012). A number of chamber
studies have shown that SVOCs may be ad/absorbed by cloth fabrics (Piade et al. 1999;
Stapleton et al. 2005; Svennberg and Wadso 2008; Petrick et al. 2010). Nicotine was found to be
sorbed strongly to cellulose-containing materials like cotton, rather than polyester (Won et al.
2001). Similarly, a recent study showed that cotton has better water uptake capability than
polyester (Svennberg and Wadso 2008). Petrick et al. (2010) reported that high ambient RH can
suppress the sorption of nicotine on polyester while the fluctuation of RH doesn’t significantly
affect the sorption on cotton. In addition to porous materials, recent studies (Diamond et al.
1998; Liu et al. 2003) indicated that most impervious indoor surfaces have been naturally coated

with a thin layer of organic film, which may capture SVOCs through adsorption and absorption.

Most field studies that have been conducted recently focused majorly on the air and dust levels
of phthalates in indoor environments (Bergh et al. 2011b; Harrad et al. 2006; Kanazawa et al.
2010; Rudel et al. 2010; Thuresson et al. 2012; Vorkamp et al. 2011). In the recent CTEPP study
(EPA 2005), concentrations of over 50 target compounds were measured in homes and daycare
centers of 260 pre-school children. The two phthalates targeted in the CTEPP study were
detected in residential air and house dust, and on a range of interior surfaces and dermal wipe

samples. The measured phthalate concentrations were amongst the highest of any of the target



SVOC compounds (including pesticides, polycyclic aromatic hydrocarbons, and polychlorinated
biphenyls) and were generally higher on human skin than on all other surfaces (Xu et al. 2009
and 2010a). However, it is unclear how phthalates are redistributed from their original sources
to various interior surfaces. Therefore, it is impossible to identify the most important sources of
phthalate exposure in the general population. To our knowledge, the fate and transport of
phthalates in indoor environments, the sorption kinetics and its equilibrium levels on various

interior surfaces have not been investigated in field.

Temperature may have a strong influence on phthalate occurrence in real indoor environments
due to the change of chemical vapour pressure, sorption equilibrium, mass transfer coefficient,
and emission characteristics. In recent chamber measurements, the mass loss rate of DEHP from
PVC increased 500-fold when temperature increased from 20 <C to 80 <C (Fujii et al. 2003;
Ekelund et al. 2010; Clausen et al. 2012). When sunlight shines directly on a surface in a room,
the surface temperature can increase significantly and these higher temperatures may increase the
emission rate by orders of magnitude, resulting increases of phthalates in air, dust, as well as
other interior surfaces. Furthermore, climate change is expected to result in more frequent heat
waves and power grid failures during hot summer months due to excessive energy demand for
air conditioning. Without air conditioning (AC) for one or two days, the temperature inside
houses in the southern US may reach temperatures far above 40 <C which could significantly
increase the emissions of SVOCs. Additionally, with an increasing desire to save energy there is
a trend among many building occupants to turn off AC systems during the unoccupied period of

the day causing high indoor temperature. However, no investigations have been conducted to



characterize the effect of temperature on the mechanisms governing phthalate fate and transport
in indoor environments. There is an urgent need to assess the dynamic concentration changes of
phthalates in air, dust, and other interior surfaces due to temperature fluctuation, which
represents the essential first step in investigating human exposures to phthalates in indoor
environments and developing intervention strategies to limit exposure.

The objectives of this study are to 1) determine the influences of temperature on airborne
concentrations of phthalates in a residential test house; 2) measure the partition coefficients of
phthalates between air phase and interior surfaces, including dust, window, mirror, dish plate,
wood, and cloth at 21<C and 30 T, respectively; and 3) investigate the kinetic constraints on the

sorptive partitioning.



Chapter 2 Methodology
2.1 Site Description

Field measurements were conducted at the UTest House located at Austin, Texas. As shown in
Figure 2.1, the UTest House is a fully instrumented three bedroom/two bath 115 m?
manufactured home with two independent HVAC systems, automatic eight-port CO tracer gas
systems for continuous air exchange measurement, weather stations, and several pressure, heat
flux, temperature, velocity, particle, and relative humidity (RH) measurement stations in and
around the house. Typical furniture and appliances used in residential homes such as cabinet,
tables, oven, and shower curtain were also installed. The floor of the whole house was covered
with vinyl flooring which contains approximately 10% (w/w) of BBzP. The experiments were
conducted in the living room and the two bedrooms. Temperature, RH, and total suspended

particle concentration were monitored in real time.

SRR

Bedroom
2

Laundry ] IBath

Kitchen
Bathroom
! C

Living room |'v_—1

Bedroom 1

Bedroom 3

Figure 2.1. Exterior and floor plan of the UTest House.

2.2 Sampling protocol

2.2.1 Air

A low volume pump (A.P.BUCK Manufacturing Inc.) was connected downstream with a
polyurethane foam (PUF) cartridge (22 x 100 mm size, 1-section, 76 mm sorbent), and housed

with a glass fiber filter (SKC Inc. Cat. N0.226-126). Prior to use, the PUF, filter and container
6



were cleaned with hexane by sonication, after which they were dried, wrapped in aluminum foil,
sealed in a zip bag, and stored at a temperature below 4 <. New glass fiber filter was used in
each sampling. To minimize the air sampled relative to the volume of the room and prevent the
chance of breakthrough, an air flow rate of 3 L imin-1 was selected. Duplicate air samples were
collected for 48 hours to a total volume of 18 m? and a field blank was prepared at each sampling
location. The PUF were fortified with the surrogate standard (Dibenzyl phthalate, Diphenyl
isophthalate, and Diphenyl phthalate) after sampling but prior to analysis to determine extraction
efficiency. After sampling, all sample tubes were stored in a protective casing wrapped in
aluminum foil, stored in a refrigerator to maintain a storage temperature below 4 <C, and

analyzed within 2 days of sampling.

2.2.2 Dust

Dust samples were collected using a Eureka vacuum cleaner, modified to collect dust into a 26-
60 mm cellulose extraction thimble (Whatman Inc., Cat.N0.2800-266). Prior to use, the
cellulose thimbles were pre-cleaned by ultra-sonication for 30 minutes and 3 times, and then they
were put into the oven to dry for 1h. Because the target analytes are associated with plastic
materials, a special crevice tool with a holder for the extraction thimble was constructed of
aluminum to avoid contact between dust and any plastic part of the vacuum. The thimble was
weighted before and after sampling to obtain the total weight of dust sampled. Additionally, in
order to enhance the air flow rate through the thimble, several holes were made at the bottom of
the thimble. The mass of dust sampled is generally about 0.2g for 10-15 min vacuum collection.

Floor and molding dust were collected separately in the UTest House to examine the potential



differences of phthalate concentrations. Cellulose thimbles containing dust were removed and
placed in a beaker sealed with aluminum foil. The beaker was then put into a glass jar with a
PTFE lid, and stored in a refrigerator to maintain a storage temperature below 4 <C. Dust

samples were typically analyzed within 2 days of sampling.

2.2.3 Interior surfaces

Gauze pads were pre-cleaned before sampling by ultra-sonication for 30 minutes and 3 times,
and then they were put into the oven to dry for 1h. Before sampling, the gauze pad (FISHER, 10
x 10 cm — 12 ply; Cat. No.22-415-469) was wetted with 10 mL of hexane. For windows and
mirrors, masking tape was used to mark a 30 x 30 cm (0.09 m?) area. The sample was collected
by wiping the designated area of the floor with gloves in one direction, then folding the wipe in
half, wiping the surface again in the opposite direction, and finally returning the wipe to the
beaker. This process was repeated for an additional two times. The beaker with three gauze
pads was put in a glass jar with a PTFE lid. Samples were shipped to the lab in less than ten

minutes in a cooler filled with ice and analyzed less than 30 minutes after sampling.

2.3 Chemical Analysis

PUF and gauze pad samples were ultrasonically extracted for 1.5h and then concentrated with
rotary evaporation for 20 minutes. A syringeless filter was used to remove the particles in the
concentrate. The samples were then transferred to a flask for nitrogen blow down. Nitrogen
blow down was done until the final 100 |l was collected into the bottom of the flask. The

concentrate was then transferred to the pre-weighted vial and weighed for three times. Using the



density of the hexane (in this case 0.672 g/ml), the exact final volume of the concentrate inside
the flask was calculated. The detailed procedures for extraction can be found in Appendix A.
The method for dust sample extraction was similar, with the exception of reducing the

concentrate to a volume of 1mL due to a higher chemical loading.

A GC (Agilent 7890A) coupled to a FID (for phthalate analysis) using a DB-5ht columns was
utilized. The system was operated using a 4:1 split injection. The inlet temperature was set at
275<C with a constant column flow set at 1.2 ml/min. The oven temperatures were programmed
from 120 <C for 2 min, ramp 12 <C/min for 15 min, hold 3 min, then ramp 20 <C/min for min, hold

2 min. The detector was set at 320<C.



2.4 Quality Control

For air sampling, 10 il of a 500 pg/ml surrogates (Dibenzyl phthalate, Diphenyl isophthalate and
Diphenyl phthalate) was injected before placing the cartridges in the test house. The recovery
ratio, on average of 85.3%, which is used to estimate the loss during the whole process is
calculated by taking the average of these three surrogates. Wipe removal efficiency were
examined using six phthalate standards. A volume of 50 L of standard solution (200 ng/ L)
was applied to 30 cm x 30 cm glass squares that had been solvent washed and sonicated with
ACS grade n-hexane. The spiked solution was applied in small droplets and allowed to
completely dry on the glass before experiments were performed. Different dipping solvents were
compared to select the one with the best removal efficiency. Detailed procedures and results
were shown in Appendix B. For dust, 50 | of a 500 pg/ml surrogates (Dibenzyl phthalate,
Diphenyl isophthalate and Diphenyl phthalate) was injected to the thimble prior to analysis with

an average recovery ratio of 91.3%

10



Chapter 3: RESULTS AND DISCUSSION
3.1 Measurements of phthalates in indoor air
Among six target phthalate compounds, only BBzP and DEHP were detected. Figure 3.1 shows
the air concentrations of BBzP and DEHP at different temperatures. At 21<C, the gas phase

21°C 30°C

m  |ndoor air
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400 . g % l i i
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200 - .
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il 1 4
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Time(d)
Figure 3.1. Concentrations of BBzP and DEHP in air.
concentrations of BBzP and DEHP ranged from 141 ng/m? to 210 ng/m?® and 66 ng/ m® to 100

3
Gas phase DEHP(Ng/m”) 544 phase BBP(ng/m3)

ng/ m?, respectively. The results are comparable to previous field studies (Bergh et al., 2011b;
Fromme et al., 2004; Kanazawa et al., 2010; Rudel et al., 2010; Otake et al., 2004; Wilson et al.,
2001), which show mean concentrations of 20 ng/m?® to 50 ng/m? and 120 ng/m? to 600 ng/m? for

BBzP and DEHP, respectively. The flooring material in the test house containing 10% (w/w) of
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BBzP, which may result in an elevated BBzP concentrations. In contrast, the sources of DEHP
in the UTest house may not as many as that in a typical residential house which is possibly
associated with the lower DEHP concentrations than other field studies. Because the
temperature has been set for 21 <C for several months, we assume steady state has been reached.
The fluctuation of the phthalates concentrations at steady state may be due to the uncertainties
associated with humidity fluctuations, infiltration changes, and human activities. Humidity and
infiltration may change with weather, but the impacts of humidity and ventilation rate changes
on phthalate levels are still unclear and are not the focus of this study. In addition, even though
the house is not occupied, the activities conducted by researchers may influence the steady state

concentrations of phthalates.

When temperature was raised to 30<C, it took about 12 days for the gas-phase phthalates to reach
steady state. Compared with previous chamber studies (Clausen et al. 2005; Xu et al. 2012;
Liang and Xu 2014), the time to reach steady state is longer in the test house, where various
interior surfaces behaving like sink reservoirs significantly slow down the accumulation of
phthalates in air phase. At steady state, the average phthalate levels at 30T were generally four
to five times higher than those at 21<C. It indicates that temperature has a great influence on the
concentration of phthalates in indoor air which agreed with a previous chamber study (Clausen et

al. 2011).

3.2 Measurements of phthalates in dust

12



As shown in Figure 3.2, the level of BBzP in floor dust (ranging from 2823 to 3518 ug/g) was
17-20 times higher than the non-floor dust (ranging from 140 to 203 pg/g), while little difference
was observed for DEHP. Considering that the flooring material installed in the test house only

contains BBzP, the findings suggest that dust may capture a significant amount of phthalates
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Figure 3.2. Concentrations of BBzP and DEHP in dust.

from the source by direct contacting with the source. The result is similar as Clausen et al. 2004
found in chamber studies. The levels of phthalates in non-floor dust were comparable to
concentrations found in other field campaign measurements in residential homes (Oie et al. 1997;
Wilson et al. 2001; Butte et al. 2001; Rudel et al. 2003; Santillo et al. 2003; Bornehag et al.
2005; Langer et al. 2010; Bergh et al. 2011). Compared to air concentrations, the concentrations

of phthalates in settled dust were not influenced significantly by temperature in a relatively short

13



time period. Because the dust accumulated in the UTestHouse is very limited, only two samples

were collected at 30 <C.

In addition, we monitored the accumulation of phthalates in pre-cleaned dust in this study
(shown as the green points in Figure 3.2). The results showed that sorption kinetics was not fast
(over months) for BBzP and even slower for DEHP. Due to its high molecular weight, the
approach to equilibrium partitioning occurs at a slower rate, and the mass fraction of a SVOC in
settled dust may not have sufficient time to equilibrate with its gas phase concentration
(Weschler and Nazaroff 2008; Schripp et al. 2010). It may take longer time for phthalates to

diffuse deeply into the layer and reach the dust at the bottom.

3.3 Measurements of phthalates on dish plates and mirrors

The concentrations of BBzP and DEHP on impervious surfaces such as dish plates and mirrors
were relatively close, as shown in Figure 3.3. The levels are similar as those on food preparation
surfaces reported in 34 different homes (Morgan 2004). Diamond et al. (1998) showed
evidences that an organic film may develop on impervious surfaces. The consistent
concentrations of phthalates on interior surfaces of different homes may indicate a similar
partitioning mechanism between gas-phase phthalates and the organic film in indoor
environments. Weschler and Nazaroff (2008) further explained the theory and set a model to
estimate the equilibrium concentrations and the dynamic nature of the film. Although the level
of DEHP slightly increased after the temperature change, the level of BBP was not affected by

the temperature. Assuming a linear isotherm of sorption to plates and mirrors, the nearly stable

14



concentrations of both chemicals at different temperatures may be caused by the offset of the
reduction in their partition coefficients between surfaces and air, and the increase in their gas
phase concentrations. The partition coefficient between surfaces and air (shown in Table 3.1)
was calculated by using the average surface concentration divided by the average total airborne
concentration. The results were one order of magnitude smaller than other studies (Xu et al.
2009) possibly because instead of the air concentrations, total airborne concentrations were used
in the calculation.

Partition coefficient (m),21°C | Partition coefficient (m),30°C

Surface —gg75 DEHP BBZP DEHP
Plate 76.05 286.19 19.60 153.30
Mirror 79.78 288.14 9.93 156.60

Table 3.1. Partition coefficients of BBzP and DEHP between surfaces and air

The results showed that both BBzP and DEHP reached steady-state concentration less than a
day, which is much faster than dust. As shown in Figure 3.3, with a first wipe (shown as the first
point in Figure 3.3) to clean the mirror surfaces that have not been touched for years, the
concentrations of BBzP and DEHP returned to the original level in less than 24 hours. The fast
sorption phenomena indicates that the time needed for the organic film to fully develop and for
BBzP and DEHP to partition into the organic film is relatively short. An additional test was then
conducted at 21 <C and found that steady-state concentrations can actually be reached within 24

hours.

15
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Figure 3.3. Concentrations of BBzP and DEHP on dish plates and mirrors.
3.4 Measurements of phthalates on cotton and polyester
Figure 3.4 shows that the concentrations of BBzP and DEHP in cotton and polyester cloth were
relatively close at both 21 <C and 30 <C. The concentrations of phthalates on cloth were seldom
reported but the levels of polybrominated diphenyl ethers (PBDES) were studied on clothes dryer
lint by Stapleton et al. (2005). PBDEs levels in their study ranged from 0.1 pg/g to 3 pg/g which
were comparable to our study. In contrast to the results of plates and mirrors, temperature
increase resulted in six times higher phthalate concentrations in cloth. For porous material,
molecular diffusion may be the dominant effect on the accumulation of phthalates. After sorbed
onto the surfaces, phthalates will diffuse further into the porous material. Temperature increase
may enhance the process by increasing the diffusion coefficient, resulting in concentration

changes at different temperatures. Further chamber studies are needed to investigate the effect,
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because phthalate direct transfer from clothing to skin may play an important role in dermal
exposure to phthalates. Compared to the fast sorption onto impervious surfaces, the
concentrations of BBzP and DEHP on cloth reached steady-state concentrations in about 12

days.
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Figure 3.4. Concentrations of BBzP and DEHP on cloth.
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3.5 Measurements of phthalates on wood

As shown Figure 3.5, the concentrations of BBzP and DEHP on wood segments increased slowly
at 21°C and have not reached steady state after 20 days. The results suggested that slow
diffusion into the wood material happened, which is similar as recent findings in a chamber study
(Liang and Xu 2014). Therefore, wood furniture in residential homes may behave like
significant sink reservoir to SVOCs and re-emit them as secondary sources when environmental

condition changes. The temperature change increased phthalate concentrations in wood to 90
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Figure 3.5. Concentrations of BBzP and DEHP on wood segments.
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3.6 Estimation of indoor exposure to phthalates

With the measured concentrations on plates, high-end indoor exposure to phthalates can be
estimated. The concentration of DEHP ranges from 40 to 100 pg/m? on the plates. Assume
occupants who eat three meals a day and use 1 to 2 plates each time, which has a surface area of
0.05 m?. The exposure to DEHP is about 0.12 to 0.6 pg/kg-bw/day. Comparing with the
reference dose (RfD) value (20 pg/kg-bw/day) recommended by U.S. EPA, the exposure
estimates are far lower. However, the exposure to DEHP for children could increase to the range
of 0.4 to 2 pg/kg-bw/day due to their low body weight. The findings are in accordance with
those of Guo and Kannan (2011) who measured indoor dust concentrations of phthalates and
concluded that children may be more highly exposed than adults. Although this level is only 10
percent of the RfD, the estimates suggest that the plates could be a possible phthalate exposure

pathway for toddlers.

There are also other scenarios which may be important for exposure to phthalates. Inadvertent
ingestion of house dust is reportedly the largest contributor to SVOC exposure for all life stages.
Because young children spend considerable time on the floor, where contaminated particles
accumulate, and frequently put their hands and other objects in their mouths, their increased
ingestion of dust can lead to a 100-fold higher SVOC exposure than in adults. The case could be
even worse if flooring itself is the source of SVOCs, because our results showed that the level of
BBP in floor dust (Figure 3.2) is one order of magnitude higher than that in non-floor dust.
Additionally, the significant influence of temperature on both polyester and cotton cloth may

indicate a higher level of exposure to phthalates through the skin because the skin temperature is
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higher than the indoor temperature, driving phthalates sorbed to the clothes when people wearing
them indoors. Finally, the most recent analysis by the Intergovernmental Panel on Climate
Change (IPCC) indicates that, over the last 30 years, the Northern Hemisphere was likely the
warmest it has been in the last 1400 years. Indeed, current climate change models predict a

1€ to 3.7 increase in average surface temperatures by the end of this century, with some
models predicting up to a 4.8<€ increase. The increased outdoor temperature can result an
increase in indoor temperature and thus increase human exposure to phthalates due to the

significant influence of temperature to phthalates.
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Chapter 4: Conclusions

This study provided evidence that with a 50 percent increase in temperature (from 21°C to 30°C),
the gas phase concentrations of phthalates can increase by a factor of 3 or 4. While the
concentrations of phthalates on cloth increased 6 to 8 times with the temperature increase, the
concentrations on plates and mirrors were relatively stable. The results may indicate that for
impervious surfaces like plates and mirrors, the temperature may reduce the partition coefficient
between the surfaces and the air. In contrast, for porous surfaces like cloth, diffusion might be
the dominant process where temperature increase enhances the diffusion of phthalates thus

increasing the steady-state concentrations of phthalates.

The results of the kinetic study suggest that for impervious surfaces, the concentrations of
phthalates reach steady-state fast. In contrast sorption process to dust and cloth is relatively slow

and at least 12 days are needed to reach steady-state concentrations.

Further work will focus on the influences of ventilation and humidity on the fate and transport in

indoor environments. Remediation strategies to reduce the concentrations of phthalates indoor

will also be investigated.
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Appendix A: Protocol for Sampling Phthalates Concentrations via PUF,

Gauze Pads and Dust extraction

Apparatus

. Sonication system manufactured by Branson 3510

. Volumetric glass flasks

. Nitrile examination gloves from Microflex

. Aluminum foil

. Ice substitute bags manufactured by Coleman

. Rotary Evaporator system manufactured by IKA RV-10

. Syringeless filter device with 0.45pm PTFE membrane and glass microfiber prefilter and

polypropylene housing manufactured by Whatman

. Autovial plunger with ears manufactured by Whatman

. Custom-made glass flask (1.5” D x 5” L)

. Amber glass vials manufactured by National Scientific

. Vial caps with septa by National Scientific

. Vial insert, 250  glass with polymer feet manufactured by Agilent

. Nitrogen cylinder (UHP)

. Analytical balance manufactured by Citizen
Chemicals

. 7X Cleaning Solution, MP Bio

. Methanol, assay 99.8%, VWR chemicals

. Hexane, assay >99%, Sigma-Aldrich chemicals
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. Hexane, ACS grade, VWR chemicals

Glassware clean-up

All glassware was washed with hot water and cleaning solution and rinsed two times with water
from the tap. Then, ultrapure water was used to rinse the glassware, followed by rinsing with
methanol. Hexane was then used to rinse all the glassware to remove contaminates. All
glassware was dried in an 80<C oven for one hour and stored in a clean environment to prevent

accumulation of dust and contamination.

Initial amber vial weighing
A vial insert placed inside an amber glass vial and covered with a cap was weighed three times to
a precision of 0.01 mg. Each weight was recorded, and an average value was used to determine

the weight of the empty vial with cap.

Sonication

PUF. After sampling, the PUF cartridges were returned to its original container and safely
stored in a refrigerator at a temperature of <4°C. The PUF cartridge was taken to the laboratory
and placed in a 150ml volumetric glass beaker. The PUF Cartridge was sonicated with 100 ml of
hexane for 30 minutes, and then poured into a 1 liter rotary evaporator glass flask. An ice
substitute bag was placed inside the sonicator next to the flask, and aluminum foil was used to
cover the flask, to prevent evaporation of the samples. This procedure was repeated 2 additional

times.
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Gauze pad and thimble. After sampling, the gauze pads and the thimbles were returned to the
beaker sealed with aluminum foil and safely stored in a jar with Teflon cap. The jar was shipped
to the lab in less than 5 minutes. The beaker was taken out from the jar for sonication in the lab.

Other procedures were the same with the PUF cartridges.

Rotary evaporation

The rotary evaporator glass flask was then connected to the rotary evaporation apparatus. The
flask was then lowered to a bath of water heated up to 80<C and rotated at a rate of 30 Hz.
Rotary evaporation was done until the final 5 ml concentrate were collected in the bottom of the
flask.

A syringeless filter device was placed on top of the custom-made glass flask. The concentrate
was lightly stirred while still in the 1 liter glass flask to collect any chemicals that might have
sorpted to the inner surface of the flask. The concentrate was then transferred using a 10 ml

glass pipette to the syringeless filter device.

5 ml of hexane were then poured into the 1 | glass flask, and rotated at a rate of 100 Hz to collect
any left-over residuals that might have sorpted to the glass. Then, the hexane was transferred to

the syringeless filter device. This procedure was then repeated 3 times.

The concentrate was then pushed from the filter device into the tall glass flask with an autovial
plunger with ears. The plunger was removed, and 10 ml were poured into the filter device to

collect any chemicals that might have sorpted to the inner surface of the filter device.
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Nitrogen blow down

The extract was then placed in an inert atmosphere (such as a fume hood). A nitrogen blow
needle was then lowered and submerged into the concentrate. The nitrogen should be very clean,
and adjusted to provide a gentle stream. Nitrogen blow down was done until the final 150 pl was
collected into the bottom of the flask. In particular, for dust samples, in case the concentrations
were too high, final 500 i was collected into the bottom of the flask. NOTE: This process can

take several hours.

The concentrate was then transferred to the empty weighed amber vial using a 100 pi syringe.
60 | of hexane were poured into the custom-made flask to collect any chemicals that might have
sorpted to the inner surface of the flask. Then the hexane was transferred to the amber vial. This

procedure was done twice.

Volume determination
The amber vial with the concentrate was then weighed again 3 additional times. Using the
density of the hexane (in this case 0.672 g/ml), the exact final volume of the concentrate inside

the flask was calculated.

Analysis
A GC (Agilent 7890A) coupled to a FID (for phthalate analysis) using a DB-5ht columns was

utilized. The system was operated using a 4:1 split injection. The inlet temperature was set at
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275<C with a constant column flow set at 1.2 ml/min. The oven temperatures were programmed
from 120 <C for 2 min, ramp 12 <C/min for 15 min, hold 3 min, then ramp 20 <C/min for min, hold

2 min. The detector was set at 320<C.

26



Appendix B: Quality Assistance/Quality Control

Calibration
6 phthalates are being analyzed in this study, which include:
. Diethyl Phthalate (DEP),

. Dimethyl Phthalate (DMP),

. Di-n-butyl Phthalate (DBP),

. Butyl Benzyl Phthalate (BBP),

. Di(2-ethylhexyl) Phthalate (DEHP),

. Di-n-octyl Phthalate (DoP)

5 different liquid concentrations were prepared per each compound, with the following values
(pg/i): 0.01, 0.02, 0.05, 0.1 and 0.2. Each concentration was injected 3 times into a GC-FID,
which gives a response in units of Pico Amperes (pA), and then the values were averaged out.
Table B1 shows the current calibration values for the phthalates. Each calibration point showed
a small coefficient of variance (<4%), and the correlation coefficients from signal response to

injected amount show a strong relationship (R? > 0.995) from the standards prepared.

Phthalate | Slope (Lg/pA) R?
DEP 548.9 0.9998
DMP 497.4 0.9998
DBP 436.9 0.9998
BBP 411.6 0.9999
DEHP 386.0 0.9998
DoP 390.9 0.9998

Table B1. Calibration of phthalates with slope and correlation coefficient.
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Recovery Ratio
1. Air
To determine the actual amount of chemicals that transferred from the PUF cartridge to the

amber vial, recovery ratios must be determined.

For real samples, 10 il of a 500 pg/ml surrogates (Dibenzyl phthalate, Diphenyl isophthalate and
Diphenyl phthalate) was injected to the PUF prior to sampling in the test house. The recovery
ratio which is used to estimate the loss during the whole process is calculated by taking the

average of these three surrogates.

Phthalates Recovery Ratio
Dibenzyl phthalate 82%
Diphenyl isophthalate 89%
Diphenyl phthalate 85%

Table B2. Recovery ratio for surrogate compounds
Preliminary study is conducted to determine the best flow rate and sampling time. The flow rate
and sampling time is suitable when the amount of target compounds are above detection limit
and no breakthrough is occurred in the PUF. Different combination of flow rate and sampling

time is tested and the results are listed in Table.3
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Flow Sampling | concentration(ng/mq)

rate(L/min)  time(h) BBP DEHP
10.00 24.00 268.430 = 388.367
10.00 24.00 268.822 441.126
5.00 36.00 402917 559.712
5.00 36.00 436.566 ~ 568.490
5.00 48.00 369.302  377.977
5.00 48.00 425.576 411.555
3.00 36.00 440.253  643.973
3.00 36.00 481.718 | 802.009
3.00 48.00 501.309  812.082
3.00 48.00 514.337 791.873

Table B3. BBP and DEHP air concentrations with different flow rates and time

2. Surface:

Wipe removal efficiency experiments were performed using six phthalates standards. For
removal efficiency determinations, a volume of 50 L of the 200 ng/ L standard solution was
applied to 30 cm x 30 cm glass squares that had been solvent washed and sonicated with ACS
grade n-hexane. The spike solution was applied in small droplets and was allowed to completely

dry on the glass before experiments were performed.
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Dichloromethane, 2-proponol and hexane were used as dipping solvent to compare the removal
efficiency. Each gauze pad was sonicated with hexane three times before test. Blank samples
were done to ensure no background phthalates. The glass was then wiped several times, each
time with a gauze pad which dipped with 10 mL solvents. The wiping protocol was the same as
the preliminary study. The glass was sonicated after the experiment to measure the amount of

phthalates left on the glass.

Recovery ratio test is conducted according to the instruction above in the lab. The glass is
purchased from the Homedepot. Results are listed in Table.4. After the recovery test in the lab,
these three solvent were used in the test house to verify the removal efficiency in the real

environment. The results are listed in Table.5.

Wipe Sequence Recovery ratio
Hexane DCM 2-propanol
Two wipes 113.1% 94.9% 108.2%
Three wipes 113.1% 106.9% 108.2%

Table B4. Recovery ratio for BBP with different solvent on glass surface.
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Wipe Sequence = Mass removed from window(pg)

Hexane 2-propanol
1% Wipe 3.015 3.034
2" wipe 1.950 2.030
3" wipe 1.457 1.571
4™ wipe <d.L <d.lL

Table B5. Mass of BBP removed from window
The results showed 3 wipes is good enough for glass surfaces. Moreover. 2 additional tests
(wiped 4 times) were conducted to ensure three wipes are enough to remove all the phthalates on
the glass. Both test showed that no phthalates were detected on the 4" wipe.
For the wood surface, five wipes were tried and then analyzed. The amount of phthalates on the
4™ and 5" wipes was below detection limit. So three wipes were good for both wood and glass
surfaces.
3. Dust
For dust samples, 50 i of a 500 g/ml surrogates (Dibenzyl phthalate, Diphenyl isophthalate
and Diphenyl phthalate) was injected to the thimble prior to analysis. The recovery ratio was

showed in Table 6.

Phthalates Recovery Ratio
Dibenzyl phthalate 89%
Diphenyl isophthalate 95%
Diphenyl phthalate 90%

Table B6. Recovery ratio for surrogate compounds
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