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Abstract

Only limited information is available on the measured exposure levels of residents according to the construction age of
apartments. As such, present study was conducted to measure and to compare the bedroom, living-room, and outdoor air lev-
els of MTBE and benzene, toluene, ethyl benzene and m,p-xylene(BTEX) in both newer and older apartments. For both new-
er and older apartments, all the compounds except for MTBE showed significantly higher levels in bedrooms or living-rooms
as compared to the outdoor concentrations. The ratio of bedroom or living-room median concentration to outdoor concen-
tration was close to 1 for MTBE, whereas it was larger than 1 for other target compounds. It was also found that the bedroom
and living-room appeared to have similar indoor sources and sinks for BTEX, but not for MTBE. The median concentration
ratios of the newer apartments to the older apartments ranged from 1.63 to 1.81, depending upon the compounds. In contrast,
the MTBE concentrations did not differ significantly between the newer and older apartments, thereby suggesting that al-
though newer buildings could emit more VOCs, this is not applicable to all VOCs. Conclusively, the findings of present
study should be considered, when designing exposure studies associated with VOC emissions in buildings and/or managing

indoor air quality according to construction age of buildings.
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1. Introduction

Exposure to volatile organic compounds(VOCs) has
been a subject of concern in urban areas because of the
prevalence of these compounds in both indoor and out-
door environments and because of their adverse health
effects. In particular, aromatic VOCs such as benzene,
toluene, ethyl benzene and xylene(BTEX) have been
detected at high concentration levels in urban atmos-
phere' . The atmospheric BTEX can penetrate in-
doors, thereby influencing the indoor concentration
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levels”. In addition, there are various indoor sources of
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BTEX and other VOCs such as building materials and
consumer products’ . BTEX are toxic(e.g. benzene)
or potentially toxic to humans(e.g. toluene, ethyl ben-
zene, and xylene)*”,

Meanwhile, MTBE is added to gasoline to reduce the
motor vehicle exhaust emission of carbon mon-
oxide(CO) and increase octane ratingslowm. According
to the Korean Petroleum Corporation, the gasoline
manufactured by all five Korean petroleum companies
contains 6 to 8% MTBE. However, the addition of
MTBE can elevate ambient and indoor MTBE levels,
thereby increasing personal exposure to this com-
pound* ™'®. Exposure to this compound is of particular
concern because of its toxicity and is potentially linked
to ailments such as headaches, dizziness, irritated eyes
and nausea'” ~'®. Moreover, MTBE may also be acutely
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, chronic noncancer toxic”’zz), and carcino-
genicls). However, the U.S. Environmental Protection
Agency(EPA) continues to maintain that MTBE is a safe
and effective oxygenate addition to fuels, based on pre-
vious test results of toxicological and epidemiological
studies on the health effects of MTBE. This controversy
surrounding the issue thus implies the need for further
studies on MTBE exposure and its related health
effects. These characteristics of MTBE and BTEX war-
rant the measurement of these pollutants to supplement
exposure data that can be linked to health risk.

In Korea, many city residents live in apartment
buildings. According to the Korea National Statistical
Office, about 22 million people live in the eight largest
cities and about half of them live in apartments. Several
VOCs have been suspected to cause "sick-building syn-
drome" such as headache, eye irritation, unusual fa-
tigue, nausea, and asthmatic symptoms® ™. In partic-
ular, it was well known that newer building materials
emitted more VOCs as compared to older ones”™. As
such, it can be expected that residents living in newer
apartments be exposed to more VOCs those living in
older apartments. Nevertheless, limited information
only is available to confirm this hypothesis. Even the
hypothesis was confirmed, information on the meas-
ured exposure levels, not on the estimated levels, for
both apartment residents is still required to better link
exposure levels to health effects. Consequently, the cur-
rent study was conducted to measure and to compare the
indoor and outdoor air levels of MTBE and BTEX in
both newer and older apartments.

2. Materials and Methods

2.1, Experiment protocol

This study measured the concentrations of MTBE
and BTEX in the outdoor and indoor air of apartments
according to construction age. Fifty-six homes in 15
apartment buildings that satisfied the experimental cri-
teria were approached for permission to measure the air
levels inside their apartments. The 56 homes consisted

of 31 newer apartments(constructed within 6 months)
and 25 older apartments(constructed between 12 and 18
months before). The criteria were as follows: the apart-
ment buildings should be high-rise apartment buildings
with 10 or more stories; the buildings should be located
at least 100 meters away from any gas stations so as to
minimize the impact of service stations on the apart-
ment ambient VOC levels; and the exteriors of apart-
ments should not have been painted within at least 1
year before the study. Only residents of 12 homes(5
newer apartments and 7 older apartments) in 5 apart-
ment buildings granted permission to measure the air
levels. Finally, five-newer and five-older apartments
were surveyed in the present study. None of the resi-
dents smoked during the sampling periods. The apart-
ments were constructed with concrete and iron frames.
All the apartments used liquid petroleum gas(LPG) as
their primary heating system. LPG was also used for
cooking.

One newer apartment and one older apartment were
concurrently surveyed. One 8-hour outdoor air samples
were collected outside the apartment porches(between
8 a.m. and 8 p.m.). Concurrently, one indoor air samples
were collected in both a living-room and a bedroom. A
constant-flow sampling pump was connected to a 1/4"
stainless steel trap containing 0.3 g of Tenax and 0.4 g
of Carboxen 569 adsorbent. The sampling pump was
calibrated by a mass 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 the volume
calculations. No samples departed by more than 10%
from the initial flow rate in the current study. A flow rate
of about 20 mL/min was set for the current study. The
sample flow rate was determined based on the relative
expected concentrations for each experimental condition.

MTBE and BTEX trapped on the Tenax
TA/Carboxen 569 trap were analyzed by coupling a
thermal desorption system(TDS, Tekmar Model
Aerotrap 6000) to a gas chromatography(GC, Varian
3400CX) with a flame ionization detector(FID) using a
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0.53-mm-ID by 60-m-length and 5.0 pm phase film
thickness SPB-5 capillary column(Supelco Co.). The
adsorbent trap was thermally desorbed at 250°C for 10
minutes, and the target compounds cryo-focussed at
-120°C on a cryo trap. The cold trap was rapidly heated
t0 250°C and flushed to the Cryo-focusing Module(CM)
of the Aerotrap system cooled down to -120°C to re-
focus the target compounds. Then the CM was heated to
225°C and flushed to transfer the target compounds to
GC. The initial oven temperature of the GC was set to
35°C for 5 minutes and ramped at 4°C/min to 200°C for
5 minutes. A preliminary study confirmed that there
were not co-eluting substances for the target compound
analysis. The quantitative analysis of the target com-
pounds was performed by using the calibration curves
of a minimum of five concentrations. The concen-
trations were prepared by injecting 11.1 to 1110 ng of
MTBE standard prepared in water and 10.5 to 1050 ng
of each of BTEX prepared in methanol into a flash evap-
oration system(FES) to transfer the MTBE and BTEX
to a trap. The injected amounts were within the opera-
tional range for analysis.

2.2, Quality assurance/quality control

The quality control/quality assurance for MTBE and
BTEX measurements included laboratory and field
blank traps, spiked samples, and duplicate measure-
ments of integrated samples. At the beginning of the
day, a laboratory blank trap and a field blank trap were
analyzed to check trap contamination. No frap con-

tamination was identified in any traps. A known amount
of an MTBE standard prepared in water and of a BTEX
standard prepared in methanol were directly injected in-
to a trap to transfer the target compounds to the GC
through the TDS in order to check the quantitative
response. When the quantitative response differed more
than & 25% from that predicted by a specified calibra-
tion equation, a new calibration equation was
determined. Seven sampling traps spiked with 11.1 ng
of MTBE and 10.5 ng of BTEX standards using a FES
were used to determine the method detection lim-
itstMDLs) of the system. The MDLs determined were
0.8 to 2.1 pg/m’ for the target VOCs.

3. Results and Discussion

3.1. Indoor and outdoor concentrations

The concentrations of six target compounds meas-
ured in bedroom, living-room, and outdoor air of newer
and older apartments are summarized in Tables 1 and 2,
respectively. Since the distributions of all the results for
the indoor and outdoor air concentrations were
right-skewed with higher arithmetic means than median
values, it would seem that the data were log-normally
distributed. However, a statistical test of normal-
ity(Shapiro-Wilk statistics) did not indicate whether the
data were normally or log-normally distributed.
Toluene was the most abundant VOC in both indoor and
outdoor air. The indoor air levels of the target com-

pounds were compared to the matched concurrent out-

Table 1. Summary of concentrations (,ug/m3) of MTBE and BTEX in bedrooms, living-rooms, and outdoor of newer apartments

Compound Bedroom Living-room Outdoor

Median  Mean  Range Median  Mean Range Median ~ Mean Range
MTBE 43 4.6 0.8-7.7 4.5 4.7 0.5-8.1 4.1 4.4 0.7-8.0
Benzene 103 133 5.7-283 8.7 9.9 1.1-23.6 25 29 0.6-4.3
Toluene 56.8 63.5 18.5-132 44.9 50.8 15.4-113 192 23.7 2.9-37.8
Ethyl benzene 6.3 6.8 1.3-94 3.7 3.8 0.6-6.1 1.7 1.8 0.7-3.1
m,p-Xylene 9.2 9.7 1.7-21.7 7.8 8.1 1.2-17.3 33 3.5 0.8-54

Note. Number of samples: N = 30 for each environment.



door air levels using the nonparametric Wilcoxon test.
For both newer and older apartments, all the compounds
except for MTBE showed significantly higher levels in
bedrooms or living-rooms as compared to the outdoor
concentrations. For instances, the median values for the
bedroom samples, which were collected in newer apart-
ments, ranged from 6.3 to 56.8 1g/m’, and those for liv-
ing-room samples ranged from 3.7 to 44.9 ug/m’, while
those for the outdoor samples ranged from 1.7 t0 19.2
g/m3, depending upon compounds. The higher indoor
levels compared to the outdoor levels indicate that the
sources of the target compounds were present inside the
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homes. This result indicates that the strength of poten-
tial indoor sources outweighed that of outdoor source
for the indoor levels of target compounds. Major sour-
ces of the target compounds inside the home include
cigarette smoke, paint, solvents, paint thinners, and
combustion sources'”. For this study, however, com-
bustion processes are not significant sources of target
compounds since any cigarette smoking was not ob-
served during the experimental periods. In addition, the
fuels used in kerosene, liquid propane gas(LPG), butane
gas, and/or electric heaters and stoves, according to the
Korean Petroleum Association, did not contain any of

Table 2. Summary of concentrations (zg/m’) of MTBE and BTEX in bedrooms, living-rooms, and outdoor of older apartments

Compound Bedroom Living-room Outdoor

Median Mean Range Median  Mean Range Median  Mean Range
MTBE 4.5 4.7 0.6-8.3 4.1 4.6 0.7-7.5 4.2 4.5 0.6-8.3
Benzene 5.8 6.0 1.5-8.7 5.1 53 1.3-8.2 2.8 3.1 0.7-4.7
Toluene 33.1 34.0 9.7-89 254 26.8 8.7-69 217 254 3.8-41.2
Ethyl benzene 35 39 0.7-5.6 2.7 2.8 0.6-5.1 L5 1.6 0.6-2.7
m,p-Xylene 5.4 5.6 0.9-9.3 4.1 4.5 0.7-8.6 2.9 33 0.7-4.6

Note. Number of samples: N = 30 for each environment.

Table 3. Correlation of concentrations of target compounds between bedroom, living-room and outdoor air of newer apartments

Compound Bed-Living Bed-Outdoor Living-Outdoor
K P-value R P-value R P-value
MTBE 0.78 <0.0001 0.83 <0.0001 0.85 <0.0001
Benzene 0.55 <0.005 0.03 <0.63 0.05 <0.53
Toluene 0.68 <0.0001 0.15 <0.31 0.12 <0.26
Ethyl benzene 0.47 <0.01 0.02 <0.71 0.11 <0.22
m,p-Xylene 0.44 <0.05 0.07 <0.42 0.05 <0.49

Table 4. Correlation of concentrations of target compounds between bedroom, living-room and outdoor air of older apartments

Compound Bed-Living Bed-Outdoor Living-Outdoor
K P-value R P-value R P-value
MTBE 0.71 <0.0001 0.68 <0.0001 0.74 <0.0001
Benzene 0.48 <0.01 0.13 <0.29 0.25 <0.11
Toluene 0.63 <0.0001 0.11 <0.23 0.08 <0.56
Ethy! benzene 0.37 <0.05 0.04 <0.65 0.14 <0.15
m,p-Xylene 0.41 <0.05 0.09 <0.51 0.07 <0.53

Note. R adjusted R-square coefficient P-value, statistical significance.
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the target compounds. The other known major sources
of target compounds were not observed in any of the
homes. The presence of indoor sources for the target
compounds are further supported by the statistically
significant relationship between bedroom and liv-
ing-room concentrations. The adjusted R° of BTEX
ranged from 0.44 to 0.55 for newer apartment(Table 3),
and it ranged from 0.37 to 0.63 for older apart-
ments(Table 4). This relationship indicates that the bed-
room and living-room appeared to have similar indoor
sources and sinks for BTEX®®. In contrast, the adjusted
R’ of BTEX ranged from 0.02 to 0.15 and 0.05 to 0.12
for the relationships between bedroom and outdoor con-
centrations and between living-room and outdoor con-
centrations of newer apartments, respectively, and it
ranged from 0.04 to 0.13 and 0.07 to 0.25 for those of
older apartments. These relationships were not statisti-
cally significant, suggesting that the sources and sink
mechanisms for BTEX are different between bedroom
or living-room and outdoor air™.

It is noteworthy that the bedroom or living-room con-
centrations of MTBE were similar to the outdoor

concentrations. The ratio of bedroom or living-room

median concentration to outdoor concentration was
close to 1 for MTBE, whereas it was larger than 1 for
other target compounds(Table 5). This finding suggests
that there would not be any potential indoor source for
MTBE. Moreover, this suggestion is supported by pre-

. . 13~15)
vious studies ~

, which reported that the major source
for MTBE is motor vehicle emissions- major outdoor
source- in most urban areas. Meanwhile, for MTBE,
both the relationship between bedroom and liv-
ing-room concentrations and between bedroom or liv-
ing-room and outdoor air concentrations were statisti-
cally significant, regardless of the construction age of
apartments, with the adjusted R’ of between 0.78 and
0.85 for newer apartment and between 0.68 and 0.74 for
older apartments. This high relationship indicates that
there would be a same source and sink mechanism for
MTBE in bedroom, living-room, and outdoor air. The
most potential source for MTBE in urban areas is
known as motor vehicle emissions™® ™%,

Table 5 also allows the comparison of bedroom and
living-room concentrations for the target compounds.
Regardless of the construction age of apartments, for

BTEX the ratios of bedroom concentrations to liv-

Table 5. Ratio of bedroom to living-room median concentrations, and ratio of bedroom or living-room median concentrations to
outdoor median concentrations in newer and older apartments

Compound Newer apartment Older apartment
Bed/Living Bed/Out Living/Out Bed/Living Bed/Out Living/Out
MTBE 0.96 1.05 1.09 1.09 1.07 0.98
Benzene 1.18 412 348 1.14 2.07 1.82
Toluene 1.27 2.96 2.33 1.30 1.53 1.17
Ethyl benzene 1.70 3.70 2.18 1.25 2.33 1.80
m,p-Xylene 1.14 2.79 2.36 1.20 1.86 1.41
Table 6. Median concentrations (ug/m’) of MTBE and BTEX inside apartments according to construction age
Compound Newer Older Newer/Older P-value
MTBE 4.5 43 1.05 <0.95
Benzene 9.8 54 1.81 <0.001
Toluene 523 29.5 1.77 <0.001
Ethyl benzene 49 3.0 1.63 <0.01
m,p-Xylene 8.3 4.6 1.80 <0.001

Note. Number of samples: N = 60 for each of the two types of apartments; P-value, statistical significance.
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Table 7. Correlation matrix of target compounds in newer and older apartments

Apartment Compound MTBE Benzene Toluene Ethyl benzene m,p-Xylene
MTBE 1.00
Benzene 0.08
Newer Toluene 0.12 0.69"
Ethyl benzene 0.18 047 0.70"
m,p-Xylene 0.10 0.53" 047 0.42" 1.00
MTBE 1.00
Benzene 0.05
Older Toluene 0.09 0.25
FEthyl benzene 0.14 0.22 0.17
m,p-Xylene 0.17 0.1 0.09 021 1.00

Note. Statistical significance: *, 0.05, **, 0.005.

ing-room concentrations were larger than 1, whereas
the ratio of MTBE was close to 1. The higher BTEX
concentrations in bedrooms are likely due to the rela-
tively less space volume of bedrooms. Plus, the use of
apartment doors which are more closely located to liv-
ing-rooms might dilute living-room air. In contrast to
BTEX, since the major source for MTBE is motor ve-
hicle emissions and there are no potential indoor sour-

1,14,28)
ces

, the penetration of ambient MTBE into the in-
teriors of apartments would not cause any significant
difference between bedroom and living-room con-

centrations.

3.2. Newer apartments vs. older apartments

Table 6 presents the median concentrations of MTBE
and BTEX inside apartments according to construction
age. The median values were obtained by combining the
bedroom and living-room concentrations for both the
newer and older apartments. As expected, the BTEX
concentrations measured in newer apartments were sig-
nificantly higher than that of older apartments. The me-
dian concentration ratios of the newer apartments to the
older apartments ranged from 1.63 to 1.81, depending
upon the compounds. In contrast, the MTBE concen-
trations did not differ significantly between the newer
and older apartments. The BTEX concentration differ-
ences between the newer and lower apartments would

mainly be attributed to the emission rate of indoor sour-
ces such as bulding finishing materials and furni-
ture"****_ The present finding is consistent with the
result of Jarnstrom et al.'s study®®, which have reported
that the VOC concentrations inside new finished build-
ings decreased as time passed. For MTBE, since the
bedroom and living-room levels are not mainly influ-
enced by indoor sources, but outdoor motor vehicle
emission source™™'®, there would be no significant
concentration difference between newer and older
apartments.

Meanwhile, more strong correlation between target
compounds were observed for certain target com-
pounds in newer apartments as compared older apart-
ments (Table 7). MTBE did not have any significant
correlation with BTEX, regardless of the construction
age of apartments, However, BTEX had significant cor-
relation among themselves in newer apartments.
Although BTEX showed some correlation among
themselves in older apartments, the correlations were
not statistically significant. As such, stronger concen-
tration correlations between BTEX appear to occur un-
der the conditions of higher emission rates in newer
apartments. However, future studies are recommended
to confirm this assertion, since we could not get all in-

formation necessary for it.
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4, Conclusions

The current study measured and compared the indoor
and outdoor air levels of MTBE and BTEX in both new-
er and older apartments. For both newer and older apart-
ments, all the compounds except for MTBE showed sig-
nificantly higher levels in bedrooms or living-rooms as
compared to the outdoor concentrations. This result in-
dicates that the strength of potential indoor sources out-
weighed that of outdoor source for the indoor levels of
target compounds. It was found that the bedroom and
living-room appeared to have similar indoor sources
and sinks for BTEX, but not for MTBE. While the
BTEX concentrations measured in newer apartments
were significantly higher than that of older apartments,
the MTBE concentrations were not significantly
different. Accordingly, it is suggested that although
newer buildings can emit more VOCs, this is not appli-
cable to all VOCs. The present findings can be em-
ployed as basic data in designing exposure studies asso-
ciated with VOC emissions in buildings and/or manag-
ing indoor air quality according to construction age of
buildings.
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