wiadetine | Audedn | uu. an, pﬁ’q wiea | uum | Gwiu | vdafu | vesw | e | Sudords | uuads uLe{u
120103TIB | 25/12/02 | 156.094 Sin M4 B6 5463.9 5487.9 24.0 SUN 01/23/03 | 156.356 | 36.30
120103TBA | 25/12/02 | 151.607 Sin M5 BS 1968.7 | 1992.7 24.0 SUN 01/23/03 | 151.882 | 38.76
120103TBB | 25/12/02 | 150.733 Sin M6 Bl 53414 | 53654 24.0 SUN | 01/23/03 | 151.505 | 107.60
120103TNA | 25/12/02 | 149664 | sin | M7 | Blo | 28707 | 28811 | 104 SUN |iidesiliiymn
120103TNB | 25/12/02 | 144.459 Sin M8 B12 5516.4 5540.4 24.0 SUN 01/23/03 | 145.227 | 107.80
BLANK
109[150103SQDA| 25/12/02 | 151.890 Sin Ml B5 5983.0 6007.0 24.0 SUN [ 01/23/03 | 152.882 [ 131.63
150103SQDB| 25/12/02 | 157.881 Sin M2 B2 5489.7 5513.7 24.0 SUN 01/23/03 | 159.368 | 205.70
150103SQJA | 25/12/02 | 152.330 Sin M3 B6 5559.9 5583.9 24.0 SUN 01/23/03 | 152.949 | 84.84
150103SQJB | 25/12/02 | 158.868 Sin M4 B4 5487.9 5504.8 16.9 SUN 01/23/03 | 159.588 | 130.01
150103SQBA| 25/12/02 | 152.496 Sin M5 BI13 1992.8 2016.8 24.0 SUN 01/23/03 | 153.160 |  90.57
150103SQBB| 25/12/02 | 151.997 Sin M6 B14 5365.5 5389.5 24.0 SUN 01/23/03 | 152.924 | 128.69
150103SQNA| 25/12/02 | 155.718 Sin M7 BI1 2881.3 2905.3 24.0 SUN 01/23/03 | 156.375 | 83.39
150103SQNB| 25/12/02 | 155.305 Sin M8 BIS 5540.5 5564.5 24.0 SUN 01/23/03 | 156.067 | 105.67
110| 180103TDA | 12/25/02 | 143.356 K M1 B1 6007.2 | 6031.2 24.0 SUN 01/24/03 | 144.165 | 112.55
180103TDB | 12/25/02 | 139.192 K M2 B2 5513.7 | 5537.7 24.0 SUN 01/24/03 | 140.333 | 157.06
180103TJA | 12/25/02 | 139.797 K M3 B13 5584.0 5608.0 24.0 SUN 01/24/03 | 140.434 | 88.65
180103TJB | 12/25/02 | 139.303 K M4 B4 5505.2 | 5529.2 24.0 SUN 01/24/03 | 140.132 | 115.50
180103TBA | 12/25/02 | 140282 K M5 B5 20168 | 20408 | 240 SUN Lﬁ?mﬁﬁ@m@mﬁ"m']mﬂm@lé
B e el I B K s e 5389.5 | 54135 | 240 SUN  [ariwinlaiinu
180103TNA | 122502 | 139461 | k | M7 | B4 | 20054 | 20220 | 125 | sun [wdesdlilym
180103TNB | 12/25/02 | 146.226 K M8 Bl16 5564.5 | 5588.5 24.0 SUN 01/24/03 | 146.905 | 94.62
BLANK
111|210103SQDA| 12/25/02 | 156.275 K Ml BISN 6031.3 6055.3 24.0 SUN 01/24/03 | 157.373 | 150.34
210103SQDB| 12/25/02 | 149.084 K M2 B4 5537.8 5561.8 24.0 SUN 01/24/03 | 150.493 [ 196.09
210103SQJA | 12/25/02 | 151.416 K M3 Bl 5608.0 5632.0 24.0 SUN 01/24/03 | 152.206 | 109.82

nanun 7 daganisifiudontng



wiadetine | Audedn | uu. an, pﬁq wiea | uum | Gwiu | vdafu | vesw | e | Sudords | uuads uLe{u
2101038QIB | 12/25/02 | 159120 K M4 B9 55293 | 55533 240 SUN  |Favimeinlaising
210103SQBA| 12/25/02 | 154.371 K M5 BS 2040.9 2064.9 24.0 SUN 01/24/03 | 155.244 | 111.91
210103SQBB| 12/25/02 | 153.274 K M6 Bl4 5413.6 5437.6 24.0 SUN 01/24/03 | 154.348 | 176.55
210103SQNA| 12/25/02 | 154.988 K M7 B2 2923.0 2947.0 24.0 SUN 01/24/03 | 155.740 | 103.66
210103SQNB| 12/25/02 | 152.240 K M8 BI1 5588.6 5612.6 24.0 SUN 01/24/03 | 153.265 | 145.06
BLANK
112| 240103TDA | 11/21/02 | 140.437 Nay M1 BI1 6055.4 6079.4 24.0 SUN 31/01/03 | 140.801 | 49.25
240103TDB | 11/21/02 | 139.731 Nay M2 B4 5561.8 5585.8 24.0 SUN 31/01/03 | 140.357 | 86.65
240103TJA | 11/21/02 | 141.561 Nay M3 B5 5632.1 5656.1 24.0 SUN 31/01/03 | 141.867 | 42.31
240103TJIB | 11/21/02 | 139.302 Nay M4 B14 5553.4 5577.4 24.0 SUN 31/01/03 | 139.703 | 55.50
240103TBA | 12102 | 136036 | Nay | Ms Bt | 20650 | 20890 | 240 SUN  [inasiiifymnandnsnisivalalls
240103TBB | 11/21/02 | 138.680 | Nay M6 BI3 5437.6 5461.6 24.0 SUN 31/01/03 | 138914 | 31.67
240103TNA | 11/21/02 | 141.673 Nay M7 B6 2047.1 2071.1 24.0 SUN 31/01/03 | 142.100 [ 58.95
240103TNB | 11/21/02 | 137.203 Nay M8 Bl16 5612.7 5636.7 24.0 SUN 31/01/03 | 137.687 | 69.63
BLANK
113(270103SQDA| 12/26/02 | 152.471 Nay M1 B9 6079.4 6103.4 24.0 SUN 31/01/03 | 153.148 | 91.39
270103SQDB| 12/26/02 | 161.894 Nay M2 BI1 5585.9 5609.9 24.0 SUN 31/01/03 | 162.875 [ 136.67
270103SQJA | 12/26/02 | 154.147 Nay M3 B4 5656.1 5680.1 24.0 SUN 31/01/03 | 154.534 | 53.14
270103SQIB | 12/26/02 | 155298 | Nay | M4 | Bie | 55774 | 56014 | 240 | SUN |Feweinlrou
270103SOBA| 12/26/02 | 152922 | Nay | M5 B4 | 20890 | 2130 | 240 SUN  [aviuminlaisin
270103SQBB| 12/26/02 | 151140 | Nay | M6 B6 | 54617 | s4857 | 240 suN  [insasiiifyunandnsnisivaldls
270103SQNA| 12/26/02 | 158.622 Nay M7 B2 2971.1 2995.1 24.0 SUN 31/01/03 | 158.864 | 33.61
270103SQNB| 12/26/02 | 157.886 Nay M8 No sampler
114| 300103TDA | 18/12/02 | 138.858 | Chin Ml B2 6103.5 6127.5 24.0 SUN 07/02/03 | 139.876 | 133.00
300103TDB | 18/12/02 | 141.922 | Chin M2 Bl6 5609.9 5633.9 24.0 SUN 07/02/03 | 143.071 | 159.97
300103 TIA | 1842402 | 439459 | chin | M3 | Be | sesot | 5704+ | 240 | sun [ferhwinleig

nanun 7 daganisifiudontng
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300103TJB | 18/12/02 | 140.160 | Chin M4 BI3 5601.4 5625.4 24.0 SUN 07/02/03 | 140.967 | 112.16

300103TBA | 18/12/02 | 139.813 | Chin M5 B8 2113.2 2137.2 24.0 SUN 07/02/03 | 140.864 | 144.41

300103TBB | 18/12/02 | 139.766 | Chin M6 B5 5485.8 5509.8 24.0 SUN | 07/02/03 | 141.054 [ 149.26

300103TNA | 18412/02 | 137:904 | Chin | M7 B9 | 29951 | 30191 | 240 SUN  |wdasfitlymaugasnslnalals

300103TNB | 18/12/02 | 138.531 | Chin M8 Bl 5637.1 5661.1 24.0 SUN | 07/02/03 | 139.353 [ 114.64
BLANK
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Spatial Distribution of PM-10 in BMA, Mar. 2002 i Spatial Distribution of PM-2.5 in BMA, Mar. 2002 3
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Spatial Distribution of PM-10 in BMA, May 2002 2 Spatial Distribution of PM-2.5 in BMA, May 2002 A
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Spatial Distribution of PM-10 in BMA, Jul. 2002 y Spatial Distribution of PM-2.5 in BMA, July 2002 A
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Spatial Distribution of PM-10 in BMA, Aug. 2002 A Spatial Distribution of PM-2.5 in BMA, Aug. 2002 A
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Spatial Distribution of PM-10 in BMA, Sept. 2002 ; Spatial Distribution of PM-2.5 in BMA, Sep. 2002 Z\
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Spatial Distribution of PM-10 in BMA, Oct. 2002 A Spatial Distribution of PM-2.5 in BMA, Oct. 2002
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Spatial Distribution of PM-10 in BMA, Nov. 2002 X Spatial Distribution of PM-2.5 in BMA, Nov. 2002 Z\
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Spatial Distribution of PM-10 in BMA, Dec. 2002 ! Spatial Distribution of PM-2.5 in BMA, Dec. 2002 Z\
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Spatial Distribution of PM-10 in BMA, Jan. 2003
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Exposure estimate for PM-10 (ug/kg-day), 1hr 08/2002 Exposure estimate for PM-2.5 (ug/kg-day), 1hr 08/2002 Z\
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(Minvol™) Oregon, USA
Wauengu 2.5 pm (PM-2.5 | AirMetrics, Eugene, an. Wi uayas ot
Impactor kit) Oregon, USA P/N 202-100-QC $280

usD

Pu!s:é dampener AirMetrics P/N 101-011 $25 USD
Pump diaphragm, Neoprene | AirMetrics P/N 101-011 $7.5 USD
Pressure sensor AirMetrics P/N 101-011 $25 USD
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NrAIHNTaY Teflon 47 WA, Whatman
NIEATIENTAY Quartz 47 UL Pall Corp., USA

NFANENITAY Quartz 47 NH

Aventec, Japan

NS=ANENTEY Supor” 13 Wi,

Fisher Scientific, USA
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Fisher Scientific, USA
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simuitaneous measurements of PM-10 and PM-2.5 mass concentration in four stations within BMA to evaluate spatial
distributions of PM-10 and PM-2.5 during February and August 2002.

Material and Methods
‘Sampling locations for PM-2.5 measurements were provided by Pollution Control Department (PCD) which
operated ambient air ronitoring stations throughout BMA. Four sampling stations were deployed with {ow-volume air
samplers, known as MiniVol™ (AirMetrics, Oregon, USA), equipped with imphctors capable of segregating PM-10
and PM-2.5. Din Daeng station located closed to a busy street in a populated area and was used to represent a near-
road traffic location. Residential sites were at Jan Kra Seam to the north and Bann Som Dej to the south of BMA,
These two lgcations located more than 100 meters away from any busy streets. Bang Na located at a site relatively
farther away from local sources and was used by Meteorology Department for meteorological monitoring purposes.
- All four sampling stations were considered on the basis of predominant wind directions, northeast and southwest winds
as well. Din Daeng and Jan Kra Seamn were located relatively to the northeast whist Bann Som Dej and Bang Na were
situated relatively to the southwest of BMA (Figure I). | '
' Low volume air samplers (MiniVol™") were incorporated into air monitoring network at 3 16 4 meters above
ground level. MiniVol™ had been tested and used for PM-10 and PM-2.5 measurements and provided reasonable
*  results to other air samplers, usually within 5 to 10 percent of comparable mass concentrations in the US [11,12]. The
- samplers were operated at 5 LPM flow rate to obtain the design cut-point of 2.5 and 10 Um. The flow rate was
calibrated prior and after sampling against a primary standard, Gilibrator (Gilian Instrumeat Corp., New Jersey). Both
- PM-10 and PM-2.5 were collected on 47 mm diameter of either stretch Teflon® membrane (PTFE) with 2 [im pore size
- (Whatman, New Jesey} or Pai_lﬂex-‘ pure quartz fiber filter (Palt Corp., Michigan). Teflon" inembrgne is currently used
- in the US.EPA PM-2.5 monitoring network. “Since MiniVol™ is not classified as Federal Reference Method (FRM) by
the US.EPA, two collocate FRM were installed at Din Daeng and Baan Som Dej stations by PCD to evaluate the
performance of MiniVolm‘under Bangkok’s conditions. Each sampling station had two MiniVol™ installed for PM-10
and PM-2.5 measurements next to each other. S o ‘ .

Gravimetric analyses of mass concentration colected on the filters were conducted in PCD weighing room
with a single pan Mettler Micéobalancc, MTS (Metiler Toledo, Ohio). The micorbalance has a resolution of 1 Lig. Te
minimize errors from mass determination, weighing procedures were established to control temperature and humidity -
in the weighting room. Two air conditioners and 2 dehumidifier were operated 24 hours continuously during weekday
-~ o maintain operating conditions. Temperature and %RH were maintained at approximately 2335°C and 40"{6110%,

respectively. Each filter must be equilibrated under described conditions at least 24 hours prior to weighing. The -
filters were stored in individual petri dish and labeled for easy identification. Each filter had a chain-of-custody form
'assigned' at the equilibration untit the end of weighing for final weight to ascertain that data associated with the filter
were properly included such as sampling date, station name, pre-weight, post-weight, total air volume. etc.
. ~Sampling campaign was designed to be non-bias on day of the week, which operated every three-day schedule.
- Therefore, sampling day was sufficiently distributed for weekday and weekend within each month. The sampling time
Started at 00:00 to 00:00 hour local time simultaneously at all four station and the samples were retrieved no more than
12 hours after the sampling had ended, usually in the momming hour, Filters were collected between February and
August 2002. Each filter was stored In enclosure with properly label and placed in refrigerator at temperature no more
than 432°C if the retrieving day was on the weekend. Usually, the filters will be refrigerated and transported to the
" Weighing room on the next working day, awaiting. for filter equilibration and post-weighing.
Results and Discussion
All stations showed similar variations of both PM-10 and PM-2.5 concentrations within the same sampliog day
Meaning that if a station had an average high PM concentrations, others stations witl have PM concentration moving up
and vice versa (Figure 2 and 3). Average 24-hr PM-10 concentrations posed higher than those of PM-2.5 at all stations
because large particles have much higher mass than small particles. Similarly, variations of both PM-10 and PM-2.5
“oncentrations were related in each focation. Ratio between PM-2.5 and PM-10 were about 0.66 indicated that small
Particles comprised of a large portion of ambient PM in Bangkok similar to those found in other countries [10, 13, 14].
Levels of PM-10 and PM-2.5 at Din Daeng, as expected, exhibited higher mass concentrations than other
Stations in the sampling network, ranging from 42't0 193 flgm", and 12 to 140 }ig m_-!. respectively. Since the station
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Spatial Distributions of Ambient P¥-10 and PM-2.5 in Bangkok P
Nares Chuersuwan™

Abstract

Attempts had been made to evaluate the levels of fine particles, both PM-10 and PM-2.5, in Bangkok
Metropolitan Areas (BMA) due, in part, to the greater potential to cause adverse health effects. In this research, PM-1¢
and PM-2.5 mass concentrations were measured sirixu[:aneously every three-day schedule during February and August
2002 at four urban locations, Din Daeng, Jan Kra Seam, Bann Som Dej, and Bang Na. Low-volume air samplers,
known as MiniVol {AirMetrics, OR), were deployed for both PM-10 and PM-2.5 samplings. The samplers drawn ajr
at 5 LPM to achieve 10 and 2.5 \m particle .cut-points. Gravimetric method was used to determine mass
concentrations of the particles. The results showed that both PM-10 and PM-2.5 had similar trends across the sampling
network. Mass concentrations of the two fractions fuctuated relatively synchronously. However, the degree of
variations was high at locally impact site like Din Daeng due, primarily, to its location. Daily average mass
concentrations of PM-10 and PM-2.5 at Din Daeng were approximately 98 and 63 Hg m”, respectively. Residential
sites showed lower mass concentrations at locations to the north and south of BMA, Jan Kra Seam and Bann Som Dej
stations, respectively. Despite a similar trend, inter-site correlation has the coefficient of determination (R’) at 60-80%
ranges while overall PM-2.5/PM-10 ratio was approumately 60-70%. The results suggested that PM-2.5 mass
concentrations seemed to pose greater long-term exposure due to the excess of annual standard (15 lg m’ ") if the
US.EPA standard was considered. Therefore, it is lmponant for responsible agencias to carefully consider this level of
PM-2.5 and does-response relationships of PM-2,5' among Thais’ populations when establishing a new ambient air
quality standard. Health status and research will help re!jnmg credential and justify an appropriate level of the standard.

Introductmn

Research on atmospheric particles has shlﬁad focus toward fine pamculate matter (PM) during the 1980s [1]
according to the greater potential for fine PM to cause adverse health effacts. In the 1990s, particulate matter with an
aerodynamic diameter less than 10 Llm have become a new ambient air quality standard in many countries including
Thailand due to its potential hazard to the generhl public. A number of researchers have observed statistical
associations between particulate matter concentrallons and da:l) mortality and morbidity at concentrations of
particulate matter below 150 flgm’ * for PM,, —-previous 24-hour US standard {2, 3]. Increased mortality seems to occur
among elderly with pre-existing respiratory illnesses {4, 5}. In addition, children, asthmatics, and individuals with
cardiovascular or pulmonary disease have been identified as susceptible sub-populations. Fine particles have a higher
potential to reach deep into the lungs and therefore are expected to present a greater risk than a comparable mass of
larger partictes [6, 7]. While few epidemiological siudies have been conducted with fine particles, concentrations of
PM, , were more strongly associated with daily mortality than larger particles in the U.S. Six Cities Study [8].

The main environmental eitects of paruculake matter arc expected to be visibility reduction, acid deposition,
and changes in radiative forcing. Atmospheric PM-Z.,S is Iargely responsible for visibility deterioration, other than that
caused by precipitation and fog [9]. Fiae partictei released into the atmosphere may alier the climate ‘through a
reduction in the amount of solar radiation reaching the ground [10). This could cause the cooling of the ground and
heatmg of the aerosol layer. Atmospheric particles can affect weather and climate because they can act as cloud
condensation nuclei in cloud fornation processes.

In 1996, U.S. Environmental Protection Agency (US.EPA} had promulgated a new ambient air quahly
standard for particle with acrodynamic diameter equal or less than 2.5 [in or PM-2.5 in order to protect the public
from adverse health effects and environmental degradation from expose to these kind of particles. Concems over the
possible effects of fine particles in Thailand especially had prompt responsible agencies to evaluate current level of
PM-2.5 in vasious areas of Bangkok Metropolitan’ Area (BMA). Database on PM-2.5 in Thatland, however, is
relatively limited because it ias not been a major concemn previously. Normally, mass concentrations of particlés vary
spatially and temporally, thus, one can not use sucﬁ data in one area for the others. This research will provide the

*Physics and Eugmeer ing Program, Department of Science Service. Ministry of Science and Technology, Banghkok.
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Comparison betwesn PM-10 and PM-2.5 concentration at Bann Som Dej
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MiniVai™ys. FRM PM-2.5 Measuremants (n=61) in BMA
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Figure 8. Relationships between MiniVelTM and FRM samplers for PM-2.5 measurements.



