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Abstract
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Laboratory-built passive samplers were used for monitoring of trace benzene, toluene and xylene
(BTX) in Hat Yai from 28 July to 12 August, 2003. Sampler bottles contained activated Tenax TA 60/80 mesh
and a lab-built thermal well were developed and evaluated for the sampling and analysis of BTX. The
sampling was carried out for two weeks before the passive samplers were thermally desorbed, trapped in
a sampling loop by a laboratory built purge and trap system and analysed by gas chromatography (GC)
equipped with a flame ionization detector. After optimization and calibration, the developed method showed
high selectivity, a good sensitivity with detection limits for BTX of 0.8, 1.1 and 13.0 pg/m’ respectively and
an acceptable precision.

Ambient BTX measurements were conducted at many monitoring site i.e. hot spots (high exposure),
residential areas/work places (common exposure) and park (low exposure). The concentration at hot spots
range from 3.2 to 5.4 pg/m’ for benzene, 38.0 to 80.3 pg/m’ for toluene and 29.7 to 66.7 ug/m’ for xylene.
The low BTX were found at the city periphery (Tesco-Lotus billboard sampling stations, roof level) and in
Hat Yai Municipal Park but no absolute background concentration could be defined. The monitoring results
showed that at higher level from the street surface, the level of BTX tended to decrease and the BTX pollution
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built up along a street canyon (Sanehanuson Road) according to the wind direction. The highest BTX were
found at the underground parking, 23.5 725.1 and 267.9 pg/m’ respectively where both WHO guideline
for Benzene (16.3 g/m’) and Toluene (260 pg/m’) were exceeded.
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Volatile organic compounds (VOCs) com-
prise a wide range of compounds including alipha-
tic and aromatic hydrocarbons, alcohols, aldehydes,
ketones, esters and halogenated compounds. The
main focus is the role VOCs play in the formation

of photochemical smog and tropospheric ozone.
VOCs also contribute to stratospheric ozone de-
pletion and enhancement of the global greenhouse
effect (Dewulf and Langenhove, 1999). Moreover,
the acute and chronic health effects related to VOCs
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(irritation and the increased risk of cancer due to
exposure to benzene) require their monitoring
in risk areas. There is also a concern about the
possible deleterious effects on valuable materials
such as electronics components in telephone ex-
changes and computers, and to works of art.

Among VOCs, the simplest aromatic hydro-
carbons benzene, toluene and xylene (commonly
referred as BTX) are of significant concern re-
garding environmental health. Furthermore, BTX
are a good indicator for the global VOCs level
since they mainly come from the same sources
such as in crude petroleum and in petroleum pro-
ducts i.e. gasoline.

Benzene is a well-known human carcino-
genic for all routes of exposure. EPA has classified
benzene as a Group A, human carcinogen. In addi-
tion to being carcinogenic, benzene is also known
to be mutagenic while the others have effects on
the central nervous system.

Hat Yai is one of the big cities in Thailand
but it is a small town when compared to Bangkok
(more than 6 million of inhabitants in Bangkok
and only 150,000 inhabitants in Hat Yai). As the
economic center of southern Thailand, Hat Yai,
Songkhla Province, is a fast- growing and econo-
mically developed city. There are many industries
emitting high quantities of air pollutants in the
area. As a consequence of rapid development
and urbanization, traffic- related air pollution is
expected to be one of the major environmental
problems in the area.

In 1996, the Ministry of Science, Techno-
logy and Environment (MOSTE) established an
air quality monitoring station in Hat Yai. The sta-
tion monitors criteria pollutants PM, » 50,, NO,,
O, and hydrocarbons. However, the BTX ambient
concentrations are not currently monitored and
BTX levels were never investigated in Hat Yai.
Therefore, it is necessary to have data that pro-
vides the basic information of BTX level in the
city in order to assess the air quality in the future.

There is a need for rapid, effective and low
cost integrated methods that would allow direct
monitoring of the fate and concentrations of VOCs

in the environment as well as evaluation of their
effects and assessment of the hazards these chemi-
cals pose to the environment and to human health.
Many of these requirements are fulfilled by pas-
sive sampling techniques (Zabiegata et al., 2002).

Passive sampling can be defined as the
collection of airborne gases and vapors at a rate
controlled by diffusion without the active move-
ment of air through an air sampling pump. The
term passive sampling covers any sampling tech-
nique based upon free flow of analyte molecules
from the sampled medium to a collecting medium,
as a result of a difference in chemical potential of
the analyte between the two media. Therefore, this
study investigated the use of a lab-built passive
sampling system coupled with a lab-built purge and
trap technique to provide an alternative and low
cost device that can be used to sample and monitor
of BTX from indoor and outdoor air in Hat Yai
city.

Experiments

1. Lab-built passive sampling

Lab-built passive samplers used in this study
were glass bottles (longer part is 59 mm long with
an inner diameter (I.D.) of 15 mm whereas the
shorter is 8 mm long with an inner diameter (I.D.)
of 11 mm) that were filled with 75 mg of Tenax
TA (80-100 mesh). They were used for collecting
both indoor and outdoor air samples. The system
was calibrated by injecting standard gases into the
passive sampling bottles. The adsorbent was then
desorbed using a lab-built thermal device. The lid
of the bottle was adapted to insert two stainless
steel tubes; one was connected to the purge system
and the other to the sampling loop that connected
with the switching valve that routed the carrier gas
either directly to GC-FID or to pass through the
sampling loop before going to the GC-FID. Nitro-
gen gas was purged through the adsorbent in the
passive sampling bottles when they were heated
and the analytes were detected by Gas Chromato-
graph with conventional flame ionization detector
(Shimadzu 14A). The analysis system is shown in
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Figure 1.

2. Calibration of the cross section area and the
length of diffusion of the passive sampling
bottles.

According to the bottle neck of the lab-built
passive samplers, the diffusion area within the
bottle was not uniform. Therefore, calibrations of
cross section area (A) and the length of diffusion
(L) were necessary. The calibration system was
based upon gas diffusion law (Fick’s first law).
The stream of standard gases was generated using
the diffusion cell, and then an air pump (1.0 L
min') was used for dilution of the analyte concen-

Sampling loop
1.0 mL

@

Purge with N,

tration in the glass tube chamber. At the end of the
chamber the lab-built passive sampling bottles that
were used to collect the analyte molecules that
diffused into the bottles and adsorbed at the sur-
face of Tenax TA were hung (Figure 2). The theory
of the passive sampling is used to convert the
amount of analyte in the tube to the average ambi-
ent concentration during the sampling time. Then,
the amounts of analyte obtained from the calcula-
tion and from the experiment were compared.

3. Sampling
According to the sampling rate of VOCs and
their usual environmental concentration, a two-

Detect with GC-FID

Passive sampling bottle and lab-built

thermal desorption device

Figure 1. Schematic diagram of the system used for the analysis of BTX.
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Figure 2. System used to calibrate the passive sampler.
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week sampling time seems to be a good compro-
mise between an acceptable detection limits and
a not too long sampling time. In this study, field
measurements of BTX were carried out during one
sampling period of two weeks: from 28 July to 12
August 2003. The monitoring device is shown
in Figure 3. Before choosing any monitoring site,
it was important to define which strategies were
suited for monitoring of BTX pollution in Hat Yai
using the passive sampler. In this study, four
monitoring strategies were defined. First was the
common strategy, this was to monitor at sites where
people spend most of their time such as apartments
and offices. Second was the worst case strategy,
which is high risk locations that commonly referred
as “Hot Spots”. For BTX, the terms “Hot Spots”
include underground parking lots, petrol stations,
crossroad, highways, street canyon, and areas near
large point sources. Third was the background
strategy, it can be defined as the level of pollution
away from any potential point sources. The last one
was the parameter strategy such as distance and
height from point source, it can be used for inves-
tigation of the effect of parameters either on the
pollution concentration or on the sampling method.

Every strategy has its advantages but none
of them, alone, gives a complete view of the pollu-
tion situation. Therefore, the monitoring sites
chosen for these studies are a combination of the
four strategies as shown in Table 1.

Results and Discussion

The amount of BTX and the signal obtained
from GC-FID showed good linear relationships of
all three compounds with correlation coefficients
greater than 0.99. The detection limits for BTX
(IUPAC method) were 0.8, 1.1 and 13.0 pg/m?
respectively.

The system in Figure 2 was used to calibrate
the diffusion area of the lab-built passive sampling
bottles. The amounts of the analytes collected in
the bottles determined by the system in Figure 1
were compared to the amount of analyte calculated
by Fick’s first law. The result indicated that this
system provided an excellent agreement between
the calculated value (1.32 pg) and the value ob-
tained from the analyses (1.34 pg). The difference
between two values was only 1.49%. Therefore,
these passive sampling bottles can be used for real
sampling.

1. Urban Outdoor Levels

Table 1 shows the results obtained from the
sampling stations. In Hat Yai outdoors area (Cl,
C2, C3, TIME and CLOCK), the two-weeks
averaged concentration were in the range of 1.0
to 5.4 ng/m?® for benzene, 4.3 to 80.3 pug/m* for
toluene and n.d. to 66.7 pug/m? for xylene.

The benzene concentrations in Hat Yai
center were lower than the WHO guideline of 16.3

Bapupairt
Feletal ware

Information Label

Protective box

Conmeciion system

snmpling bottles

Figure 3. Monitoring device. (protective box and 4 replicate samplers)
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Table 1. Results from the second sampling period.

Site ) ) ) Concentration (ug/m°)

Code Location Height (m) Sampling strategy Benzene Toluene Xylene
Bl Gas station (1-2) 2.5 Hot spot 4.7 43.7 29.7
B2 Gas station (3-4) 2.5 Hot spot 4.5 44 .4 30.3
Cl1 City center (Sanehanusorn Road) 2.5 Hot spot (“canyon”) 3.2 38.0 36.0
C2 City center (Sanehanusorn Road) 2.5 Hot spot (“canyon”) 3.7 46.0 44.8
C3 City center (Sanehanusorn Road) 2.5 Hot spot (“canyon”) 4.2 64.1 56.6
TIME  Intersection between Rajyindee 2.0 Hot spot 5.0 48.3 54.1

Road and Tamnoonwithi Road
CLOCK Clock Tower 2.0 Hot spot 54 80.3 66.7
Dl Underground parking (paint side) 2.5 Hot spot+painting effect ~ 23.5 7254 2683
D2 Underground parking 2.5 Hot spot+painting effect ~ 23.2 724.8 2674
H1 Tesco-Lotus Billboard 1.0 Height effect 1.8 6.8 18.0
H2 Tesco-Lotus Billboard 5.0 Height effect 1.3 5.6 13.0
H3 Tesco-Lotus Billboard 10.0 Height effect 1.2 5.1 n.d.
H4 Tesco-Lotus Billboard 15.0 Height effect 1.2 5.0 n.d.
Roof Roof level 20.0 Background 1.0 4.3 n.d.
L1 Lab (book corner) 2.5 Indoor 7.8 22.8 23.1
P1 Hat Yai park 2mat 100 m Background n.d. 1.9 n.d.
above sea level
P2 Hat Yai park 2mat 150 m Background n.d. 2.0 n.d.
above sea level

R1 S. Apartments 2m Residential area 2.5 25.6 222

n.d.: non detectable

ug/m? (5 ppb) but often above the long-term target
of 3.26 ug/m? (1 ppb). Outdoor toluene and xylene
concentrations were always below the WHO guide-
line and can be seen as acceptable.

The highest concentrations of BTX were
found to be in the area near Clock Tower (CLOCK).
This site has a more open topography than
Sanehanuson Road (C1-C3) but much more circu-
lation and traffic jam. Moreover, the types of
vehicles are not the same in Clock Tower (truck,
busses, pick-up) as in Sanehanuson Road (cars,
motorcycles).

BTX level at the intersection between
Rajyindee Road and Tamnoonwithi Road (TIME)
are comparable to the levels found in the city cen-
ter, although it is located at the center periphery.

2. Street Canyon
The positions of the sampling site and the

variation of BTX concentration along Sanehanuson
Road (C1-C3) are shown in Figures 4 and 5 res-
pectively. Sanehanuson Road has canyon geometry
since it is a narrow street flanked by high build-
ings. Moreover, both sides of the street are sand-
wiched by clothing stalls and Thai fried food
stands. As every tourist and commercial center in
Thailand, it is often crowded with cars and motor-
cycles. Under idling and decelerating modes,
vehicles in this area will emit maximum pollutants.

Along this street, there is very little opportu-
nity for dilution and mixing with the atmosphere.
Thus, most pollutants created inside the street will
stay in it and be pushed toward its Northern end
(C3) because of the prevailing southern winds that
usually blow along the street with a velocity from
0 to Sm/s (average ~2.5 m/s) as shown in Figure 4.
Therefore, the concentration of BTX in C3 was
higher than those in C1. As expected, pollutant
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Figure 5. BTX concentration in Sanehanuson Road.

concentrations built up along the street.
Considering its geometry, location and fre-
quentation, Sanehanuson Road (C1-C3) has the
possibility to show the highest BTX levels of
Hat Yai urban area. However, it was found that
BTX level near Clock Tower is higher than at

Sanehanusorn Road. This is certainly due to the one
way-road system of the city center that included
Sanehanusorn Road. Indeed this system seems
really effective to avoid traffic jam and, thus, avoid
the initiation of pollutant that would otherwise
build up along street canyons.
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3. Bangchak Gas station

The BTX levels in gas stations are the com-
bination of exhaust emissions and evaporative
emissions (from car tank or from station fuel tank).
The higher benzene content of gasoline in Thai-
land (from 3 to 5% in Thailand) as well as a low
number of cars fitted with catalytic converters may
also explain the higher benzene concentration
found in Thailand.

Those results could not be generalized to any
other gas station in Hat Yai. Indeed, the levels are
station specific and depend on many factors such
as volumes of gasoline sold, wind speed, exhaust
emissions and deliveries of gasoline to the station
(Mukund et al., 1996). Therefore, the monitoring
of BTX in other gas stations would have been
relevant. However, the two weeks sampling time
involves an attenuation of those factors and, thus,
gives a good indication of the usual BTX level in
Thai gas stations.

4. Underground parking lot

Very high levels of BTX (23.4, 725.1 and
267.8 ng/m® respectively) were found in the
Underground parking lot of “Lee Garden Plaza”
shopping mall. The concentration of benzene and
toluene are above WHO guidelines (almost three

times higher than the guideline for toluene). Those
high concentrations are mainly due to the high
vehicles frequentation. Furthermore, contrary to
outdoor environments, neither dilution by wind
nor effective ventilation system exists in this park-
ing lot.

Toluene is used as solvent (up to 30%) in
some paints. Since the same levels were found
near the paint tins storage place or far away, the
toluene associated with painting is more likely to
come from the wall than from the tins.

5. Horizontal distribution (H1, H2, H3, H4)
Figure 6 showed the variation of benzene
and toluene along the Tesco Billboard (from 1 to
15 m above the ground). According to Figure 6,
both benzene and toluene concentrations seem
negatively correlated with height until 5 to 10
meter. With increasing wind velocity and point
source distance, the pollutants appear to be totally
mixed above 10 meter. Above this height, the con-
centration reaches a constant value which can be
defined as the background concentration for this
location. However, the differences of concentration
were quite small to be really significant. This area
is not enough polluted to detect relevant variation.
To be clearer, this kind of experience should be
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Figure 6. Effect of the height on BTX concentration.
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realized in an area with higher pollution sources
or in a street canyon. This study shows that this
location is well ventilated thus not highly polluted.

6. Background concentrations

The results found in the roof station are also
shown in Figure 6 (separated points). Those con-
centrations can also be assumed to be a background
concentration since it is in the university area at
20 meter from the ground and 600 m from the
highway (i.e. 650 m from Tesco billboard). The
benzene and toluene at this location (1.0 and 4.3
pg/m? respectively) are consistent with those found
at the Tesco billboard over 10 meters but quite
low to show only the effect of the height (+5m).
Accordingly, even at heights above 15 meters,
BTX concentrations were still dependant on dis-
tance from point sources (no perfect mixing). The
estimation of the background performed in Hat Yai
municipal park (5 km from Hat Yai) give even
lower concentration and only toluene was above
detection limits (2.0 pg/m?).That is, no absolute
background could be defined.

7. Concentration in the laboratory room 312 at
Chemistry Department, Faculty of Science,
PSU

VOCs concentrations were usually higher
in indoor environments. High benzene concentra-
tions (7.8 pg/m?: 1.5 time Clock tower concentra-
tion!) were found in the laboratory room 312. Based
on the roof measurement, we can estimate the
outdoor lab concentration to be around 1 pg/m?
for benzene and 4.5 pg/m?® for toluene. The con-
centration of benzene in the lab is specific to its
use in this laboratory (use of benzene standards
for experiments) whereas toluene concentrations
could be those of any living room.

Conclusions

Monitoring information obtained in the
present study found that the level of BTX in
Hat Yai were below the WHO guidelines except
for that in the underground parking lot.

The rapid growth of motor vehicle popula-
tion in Thailand will obviously result in higher
BTX emissions and concentrations in the air in the
near future. Considering that there is no totally safe
level of exposure for benzene, the levels of BTX
should be measured to define the air quality. There-
fore, BTX should be added to the species (PM,,,
SO,, NO,, O, and methane) already monitored in
Hat Yai Air Quality Monitoring station.

As preventive actions to avoid the rise of
BTX pollution, the traffic should be further
limited and controlled in the city center (especially
for the trucks and old busses). The gasoline quality
should also be improved by decreasing the legal
content of benzene. More specifically, an effective
ventilation system should be installed in the Lee
Garden’s underground parking lot. It should not be
just a fan that mixes the concentration inside the
parking (the results show that it is already well
mixed) but a system that allows entrance of the
outdoor air.

Considering the instrumentation, installation,
quality control and maintenance costs, passive
sampling is cheaper than any other air monitoring
techniques (Hangartner, 1996). It is also cheaper
than the usual commercial passive samplers. For
example, the commercial passive samplers for
VOC:s cost between 500 and 600 Baht whereas the
laboratory-built samplers used in this study costs
less than 90 Baht per passive sampler (including
the glass bottles, the plastic boxes, the adsorbent
and metal wire).
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