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Objective : To study the level of axposure to carcinogenic carbon black and Benzo
(2] pyrene that commuting individuals might receive In urban traffic.
Setting : Bangkok Matropalis.
Subjects - 20 pnmary lung cancer patients and 20 normal subjects.
Dasign - Experimental design by applying the direct measurement of alr
poliution, .
Mathod : The first measurement of carbon black during commuting environment

Commuting pattarns, which included, namely: mode, time, route,

distance and direction, were imitated by 3 volunteers during June —

August 2001. Filter papers of Pollution Control Deparimant at air

manitoring sites at roadside collected during June 2000 - May 2001
was also used for BaP analysis,

Results - Lung cancer patients recelved higher load of carbon black when

compared to the controls (p < 0.05). People who traveled by normal
bus, motorcycle, main road, rush hours and thoss who spant mare than
3 hours were more likely to get significantly higher cancentration of

carbon black. Additionally, residents, workers and commuters in the
inner of the city may be exposed to BaP. which was highar than the
safety limit.

61




Conclusions : Commuting through certain modes and time spent in urban traffic were
contributors to the risk of lung cancer among Bangkok residents, The

continual exposure may lead to the carcinogenic health endpoint over
time.
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It is well documentad that the guality of air In Bangkok Metropolis and municipal
mhmHmmm.mmmﬂfﬂhﬂnﬂmﬂgalrpﬂmm and
thelr levels are higher than safety standard. " It is resulled manly fram the number of
vahicles as well as factories. ' Moreover, crowded communities and high-rise
buildings. which tend to block wind and sunbeams, jesd o poor veritilation and also the
decline of green areas in the city and lower natural capacity in raducing air pollution. Il
i expected thal Indoor air poliution, especially in public vehicle is affectsd by outdoor
air pollution, and it gets even worse In crowded vehicles,

The total daily exposure of individuals 1o air pollution in the urban area was
experienced by individuals passing through a series of microenvironment, both outdoor
and indoor, and also depended on the time spant In the envirenment, Oinie of the
microenvironment that people were exposed to air poliution was during their commites.

Unplannad urbanization of Bangkok has lead to high levals of commuting and sevara

traffic Eﬂﬂgﬂalm.m 9 Generally, most commuting patterns take individuals from an




relativaly low air polluted area to higher hazardous outdoor polluted areas. i Moreover,
during the journey, people traveling in vehicles ara probably more exposed to air
particulate and other pollutants emitted by the vehicles. In additicn, the majority of
people living and working in Bangkok metropolitan areas and the nearby provinces

regarded buses as thelr regular mode of fransportation. Averagely, 3.4 millions paople
use the service averyday. "

Since particulate malter has been dramatically increased in the City of Bangkok
and more than 50 percent are gensrated by congested traffic. Bangkok residents and
commuters have been exposed to these fine particulate from the road-traffic which is
harmiful not only because of its small slze, but also because of its chemical
components. Carbon black and Banzo [a] pyrens, important chemical componants of
vehicle emission, are considered human carcinogenic health endpoint. ™ Benzo [a]
Pyrene, as a loxic air contaminant, is a five-ring Polycyclic Aromatic Hydrocarbon found
in combustion-generated raspirable particles collected from sourcas like motor vahicle
exhaustion, smoke from residential wood combustion, Iy ash from coal-fired power
plants and other combustion related processes. "' BaP is a larger group of complax
Mixture, e.g. soot, tar and oil. Office of Environmental Health Hazard Assessmeant
(1984) concluded that alr concentration st ambient, BaP might cause or contribute to an
increase in martality or serious liness and may therefors pose a potential hazard to
human heaith. ' The International Agency for Ressarch on Cancer considers BaP as
known animal carcinogen and human carcinogen (group 1}"”: with inhalation unit risk
8.7 ng/m | U.S. Environmental Protection Agency also classified BaP as possible
humen carcinogen (Group B2)."' The Califomia Air Resource Board (1984) reportad
ﬂtatEaFwasmummJﬂuaanaumnin.Eﬁpameﬂmmmsmm
by mobile sourcas.”

As Bangkok is the biggest urban area of Thailand, if has been hypothesizad that
Bangkok commuters who spend fime in urban traffic are exposed to high load of
alrbome carcinogenic materials, both carbon black and BaP. The level of exposure
could be differant in relation to the mode, time of commuting, time spent and its routing
in urban traffic. In order to evaluate the level of exposure Io these airbome
carcinogenic materials during commirting and its contribution to the risk of lung cancer,
H'baalmuflhhramrmutnaludymﬂhvduf&xpuﬁumutcarbmbhuhmm




Individual level and BaP concentration at the roadside, and the find out whether or not
commuting contributed to the risk of lung cancer of residents in Bangkok,

black during commuting and BaP analysis of roadside environments were applied in this
study. A preliminary experment was set up, basad on a subsel of 20 lung cancer
patients and 20 other healthy persons from general population, to explore the level of
sxposure lo airborne carcinogenic materials that commuting could contribute 1o
individuals during commuting. This subset was randomly selected from a case-control
sludy entitied "Air Pollution and Lung Cancer: A Case Study of Bangkok Residants”
undertaken by the Institute for Population and Social Research, 2001, in which tha
respondents were 132 primary lung cancer patients and 286 members of the general
public. The concentration of carbon black in collectad sir particulate matier was
investigated in this study by direct measurement methods for 40 diffierant commiting
routes. Both of these measures are associated with black smoka, In particular the fine
particulate matter fraction, which is capable of panetrating deep into the lung. The
objective was to study tha level of exposurs o carcinogenlc materials associated with
airborme particulate materials that all 40 cases received from their commuting, both
going out and coming home through urban traffic. The cument measurements were
purposed 1o surmogate the level of exposure that individuals might receive,

Their commuting pattern included: mode, time, route, distance and direction,
which were actualized by 3 voluntesrs during June - August 2001. The PM10 was
collectad hymﬁg&.?mmwcmnrpapmwmuwmlpump monitor and it was
operated under the flow rate of 1.7 Wminute. The commuting modes were, namely:
walking, bicycling, automobile, bus, train and boat. The commuting directions were
classified as major and minor roads, inbound and outbound, Each route of cases and
conirols were studied and imitated for three different days by three volunteers. The
detail of each route was assigned to sach volunteer, They did not know whather the
imitation was case or control. Each case was imitated in three different days by three
voluntesrs. The filter papers were waighted before and after the exparimeant and kept in
a desicator to eliminate humidity for 24 hours, A reflectometer was used 1o analyze
carbon black from the PM10 filter papers.




The principie of operation of the reflectometer is based on the degrees af light
absorplion and light reflectance. With higher carbon black masses on the fiter, lower
percentages of the Ightammﬂachd.ThequnIrymnhudwaanmdahymsﬂngﬂmmma
sample repeatedly afterward; the average of the percentage of light reflectance would
be later calculated. The reflectance parcentage was then calculated into logarithm
scale, -log (Reflectance of sample/reflectance of Blank). A calibration curve from a
standard set of filters was prepared. The regression equalion, ¥ = 0.0044% and
comsiation coefficient. R square = 0.9806, were obtained. Note that ¥ = -log
(Reflactance of sample/reflectance of Blank), X = Black Carbon mass (ug). From this
relationship, the total mass axposure was determined. The concentration of carbion
black in the air [;ugfmsl was calculated by dividing the mass by the air sampling voluma,

A second investigation of Benzo [a] pyrene (BaP), known carcinogenic and toxic
materials, was concemned with their ambient concentrations al key locations for
commuters. The primary source of BaP In most urban environments is from engine
combustion and hence their concentrations are associated with traffic densities, Tha
samples were collected by the Thal Pallution Control Department during June 2000 —
June 2001. Four air monitoring stafions at inner urban sites which were sither on the
roadside or near-roadside were salected, namely: Dindang roadside; Ministry of
Science, Technology and Environment (MSTE), Department of Land Transport (DLT):
and Chulalongkorn Hospital {CH). The fith site, Bangkok University (BU} was selectad

nabﬂtarmmanmﬁwnlﬂﬂmfmﬂﬂnnum. The sampling sites are shown
in Figure 1.

Figure 1. Locations of five monitoring stations
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Results
An Analysis of Carbon black

The results from Table 1 showed that 50% of lung CAncer cases spent more
than 3 hours/day in urban traffic. This result is consistent with the carbon black analysis
(Table 2). The concentration of carborn black was related to the time spent and lung

mmmmmmrﬂlmﬂymbaaxpamdtabhd:mﬂmmnnﬂﬂmnm{p:
0.05).

Table 1. Percentage distribution of sample classified by time spant in urban
traffic (Based unzﬂlungumrpnﬁﬂmsmdzﬂhaaﬂﬂwnuhimtsmmr
population.)

Table 2. Rank comparison of black carbon mass and black carbon
concentration with separafion of going-out and coming-home peariods.

Thamnmmman'ndﬂnfﬂanﬂpnrtaﬁunwimmyfﬂwmmﬂmmm
analyzed, which are, namaly: sir-conditioned buses, automobiles, pickup trucks, trains,
and vans. Therafora, motoroycles, nonmal buses, bicycles, walking, and boating, would
nead further investigations (Table 3).

Table 3. Rank comparison of carbon black concentration (ug/m’) both of In and
oul bounds, classified by mode, time spent, route and rush hours In
urban traffic (hr),

The results from Table 3 showed that the concentration of carbon black was
statistically ralated to the mode of transport, in particular nommal buses and motorcycles.
Lumummasmmmmmnrbmammmmmm
get & higher load of carbon black compared to the controls. Time spent in urban traffic
was also associated with the load of carbon black particularly when it was less than 2
hnr.lm-ungmnwmmmthﬂmzmmumwcmmmlm
hbnaxpmdlnmmnuﬂmanumampmmwmﬂmzhnum.mhnﬂumm




affected by the route of traveling. Most cases of ung cancer spent more lime akong
main roads with congested traffic,

Considaring the route of commuting (Table 3), traveling by main roads was
sighificantly related to the concentration of carbon black (P < 0.05). Particutarly, lung
cancer patiants were more likely to ba exposed to higher loads of carbon black than the
controls. Carbon black was also related to the fime of commuting, whether they traveled
during the rush hours or not. In this study, the rush hours were definad 85 2 perods
which were .30 — 8.00 am. and 4.30 - 7.30 p.m. It was found that no matter how they
traveled during tha rush hours, lung cancer cases ware mora likely to be exposed to
higher loads of carbon black when compared to the conirols.

An Analysis of Benzo [a] pyrens

As shown in Figurs 2, the Benzo(a)Pyrene (BaP) average concentration al a
roadside environment such as Chulalongkom Hospital was the highest followad by the
Ministry of Science, Technology and Environment, Dindang, and the Department of
Land Transport with concentrations of 4.5, 4.3, 4.1, and 3.4 nu;p.l'm.it raspactively, These
four sites wera located on or closely adjacent to busy roads In the inner zone of
Bangkok. Regarding Bangkok University, which Is & permanant air monitoring station
sél up for measuring regional background air, the concentration of BapP wasg the kowest
(27. ngim'). The explanations of these relativities are supporied by the study of the
distribution of PAHs in an urban roadway in Brisbane, Australia (Pathirana et al., 1984)
which locked at 16 PAHs, including BaP. The total PAHs concentrations decreased
with the increased distance from the roads. The study suggests thal an air monitoring
site located In a general area far from a main road, such as Bangkok University, might
expect to have lower BaP concentrations than those located slong roadsides in the
center of the clty.

Figure 2. Average concentration of BaP at the 5 sites. June 00 - May 01

Since these five monitoring stations covered the origing, and destinations and routes
of 20 lung cancer cases and the 20 controls, this finding meant that all of them wersa
exposed 1o the same level of BaP which was higher than safety limit. Additionally,




tha population mmmmmnm:mmpimmamm
people who lived and worked in those areas.

In this study, the BaP of each monitoring site was an average value calculated
for dry and wet season. These values ware consistent with the study of IARC, 1083, It
was found that In ambient air, BaP is normally associated with fine particulate. |t was
feported that in the atmospheric concentration, BaP in summer in urban areas was
averagely 3.8 ng."m In the winter, the concentration is higher with an avarage of
around 7.1 ng!m Tumaaxtmlnlwhh:hthﬂaﬂhtyiﬁtawmulhﬁrﬂEHH.ﬁ. U.s.
EPA and WHO, the nmu& BaP concentration for all sites was lower than the standard
unit of WHO {BTnufm] butnwandatrimmalund exceaded the range of inhalation
unit risk of OEHHA ™' (1.1-3.3 ngim’) and U.S. EPA (1. 7 ng/m’).

The madside environment is a part of most commuting routes where the commutars
are exposed 0 mixtures of chemicals in the air which come mainly from engine
combustion associated with congested traffic. BaP, @ human carcinogen, was found
to be higher than acceptable safety limil (Figure 2); and this highlights the potential
harmiulness of the air for the commuters who travel on these roads. These findings
can be used as sumogate levels of carcinogenic BaP, exposure that the individual
might received along a commuter route.

&

Conclusion and discussion

The exposure to carbon black for long time will cause to the respiratory
morbidity and decreased lung function m:_ Anyway, no research had done sbout tha
exposure to carbon black and impact on health during commuting. The studles usually
undertake in the enclosed area such as factory. The longitudinal European study found
that there is alevated risk for respiratory diseases as was shown by decreased of lung
function for 1.3 — 1.4 folds for avery increase of 1 mgim® of carbon black ™. However
the estimation of cancer risk from hazardous air pollution s very difficull because of
tacking of data.

From the results of BaP and carbon black, more cases than controls travel on a
busy road closad 1o an air monitoring stations at roadside and thersfore thess lung
cancer cases have a higher potentiality to be exposed to a higher load of carbon black
than the general population, Similarly, the study the measuring concentrations of
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selected air pollutants inside vehicle in California revealsd that carbon black level
maasuring in a carpool lane were much higher than the slower lane. In addition, in-
vehicle pollutant concentrations obtained from freaway were higher than the minor road,
However, type of vehicla was shown o have iftle effact to tha carbon biack level”As
Hmsti.ﬂaﬂufBaPandﬂmmtunhladluﬂm'udﬂiﬂiﬂwumnﬁnnrgannmhdhy
incomplete combustion of vehicles, thesa findings Imply that the exposure to airborne
carcinogenic materials the excess risk of lung cancer ks more likely fo oceur in those
who spant time In urban traffics. This includes commuters, traffic policemen, streat
venders, transport workers and people who dwell closa to a congesled road,

Some tentative conclusions on axposure and pollutant loads for commuters can
be drawn for the nunlﬂhuti'ngruiaufmmlh-ngtuﬂurinhufhm cancar. From thess
invastigations, commuting in urban traffic is very likely a contributor to enhance the risk
of lung cancer. It depends on time spent, mode, and diraction of people traveling in
urban traffic. The axposure i= expected 1o ba higher if the modes of traveling are more
fisky such as normal buses or molor cycles, even It last for a short time. It is recognized
ﬂ:atvar,rmlldmufmphhamhaanhﬂmnmdmmrmWMMhHmnﬂdamdh
comparing these sets of data. Any observation and conclusion need to be seen as
marely tentative.

As mentioned above, there are implications from thesa findings, which can also
be drawn for a stationary roadside population. These roadside exposures are vary
dependent on soma identified faciors and they would appear to warrant further definition
and considaration.

It Is apparent that traffic congestion and vehicle maintenance are miast important
considerations to estimate the pollutant load to which 8 commuter might be exposed.
The load of carbon black and exposure 1o carcinogenic benzo [a] pyrene emission was
found 1o be dangerous to human health. Additionally, it may lead to carcinogenic health
and point across time. Strategies, which are almed o address these two aspects, such
as creating an enviranment of free-flow commuting routes that require regular
maintenance and vehicle amission monitoring, are likely to have the greatest benefits to
ihe health of the commuters.

Thinsiudyumammmﬂummybahﬂaﬂh{mdﬂmnmﬁ]b&naﬂmnﬂm
appropriate authorities were to organize traffic pollution awareness campaigns so that
the population who need to commute in highly poliuted areas will have mare concem
and grealer awareness. Belter-educated commuters and roadside residents wiould be




abie to make judgments about the values and types of prolective measures that might
ba taken.

The findings showed that commuting time of more than three hours especially in
rush hour was related 1o lung cancer risk. The govemment Is trying to Improve
economic growth but, in tum, this has the potential to result in more pecple belng able
o be car owners and living further from their place of work. More cars, more
commuting and finally more pollution on the road will impact the population’s health. As
Information technology is not well developed so that pecple can work al home, paople
nead to commuta from home to offices. Commuting time needs to be reduced by
providing sale, fast, cheap, convenient, and less polluted mass transportation syslams.

Therefore, commuting, In particular its moda and time spent in urban traffic. is
may be considered a contributor to the risk of lung cancer among Bangkok residents.
The main recommendation from this study is that the public should enforce the
reduction of the exposura by reducing the emission from the vehicles on the road, in
particular public buses and motorcycles, Further, for future ressarches should focus on
fine particulate matter and associated chemicals and thalr relationship to chronic
respiratory disease and the relative influence of the enclosad compartments such as air-
conditioned buses, cars and other modes of commuting.
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Figure 1 The locations of five monitoring stations
Table 1 Percentage distribution of sample classified by time spent in urban traffic
(Based on 20 lung cancer patients and 20 healthy sobjects from general

population. )
Lung cancer General
ient lati
Time spent in urban traffic/day

<1hr 20.0 25.0

| =3 hrs 30.0 40.0

> 1 hrs 50.0 350
Total (n) 100.0 (20) 100.0 (20)

Table 2. Rank comparison of black carbon mass and black carbon concentration
with separation of going-out and coming-home periods.

Carbon black Type N Range Means  Mann-Whitney U Sig
Rank :
Concentration Case 20  00-2.48 46.6 594 0.04
(pg/m’) Control 20  ,00-1.07 353
Mass (ug) Case 20 006901  41.2 T 0.78
Control 20 .00-61.09 197 '




Table 3. Rank comparison of carbon black concentration (ug/m’) both of in

and
out bounds, classified by mode, time spent, route and rush hours in
urban traffic (hr).
N Range Means Mann- Sig
Rank Whitney L |
Mode i
Bicyele Case 2 D—06 225 1.5 68
Control 2 .0-.01 275
Walking Case 2 08-12 RO 3 .19
Control 8 06-.11 5.0
Boat Case y. 00-.01 30 i 44
Control 2 00-.03 2.0
Motorcycle Case 12 A3-207 156 11 00
Control 10 00-.04 6.0 I
Normal bus Case 10 01-1.52 123 12 |01
Control 8 0-.15 6.0
Time spent in urban traffic
Less than 2 hrs Case 26 00-1.74 356 309 A4
Comtrol 34 00-.48 26.6
Equal to or more than 2 hrs  Case 14 00-2.07  1L0 35 56
Control 6 00-19 93
Route
Main road Case * 34 00207 350 115 04
Control 27 00-.64 257
Minor road Case 6 00-.58 10.0 38 86
Control 13 00-48 10.0
Time at commuting
rush hour Case 30 08-2.17 290 199 4
Control 21 00-.48 20.4
Non rush hour Case 10 00-1.17 20,1 B P 02

Control 19 00-.23 12.3

Note: 40 routes; B0 filters: 40 filters for in bound and 40 filters for out bound

T4
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Figure 2. Average concentration of BaP at the 5 sites, June 00 — May 01
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Appendix B No[ 1[ ][]

Institute for Population and Soclal Research, Mahidol University,
Project ‘Air Pollution and Lung Cancer:

A Case Study of Bangkok Residents’

1. FT';\ 2. Ganeral population

Recelved treatment from

1. National Cancer institute 2. Chulalongkorn Hospital 3. Siriraj Hospital

4. Ratchavithi Hospita! 5. Pramongkut Hospital 6. Police Hoapital
a0y TR b e ERRTL e Diagnosis................oceeee, Stage. ..o
Treatment 1. Surgery 2. Chanotherapy 3, Radiotherapy

Result for 1 interview 1. Yes 2. No 3. Not finished  Follow up on date. . Time......
Result for 2™ inferview 1. Yes 2. No 3. Not finished Foliow up on data......_ Time......
Rasult for 3“1 interview 1. Yas Z. No 3. Mot finished Follow up on date._ ... . Tima

Nama of Data Coding Supervisor.......... e
Nama of Data Entry Operartor.. ... 88/MmYY. o i v eennraran,

Personal Infarmation

1. Gender 1. Mals 2. Femala '




4.Highes! of educalion completed.............................ooirie
f you can not remember, please tell the ftotal years of educational
attamment.......... years

5. Avarage Incoma per month (both main and minor occupation) ..................Bahi
6. Place of Birth (Prowino@)...........cooinci L COURMY. ..o

Mode 1 Residantial History
Diraction Mobility means residential moving from one place lo another place by not
conceming about distance between former and later place and the evenl will be

racorded only living continuously at laast 1 month ot
. gy
Mo Duration of | road | subdistrict | district | provines | The reason for *’A:vmg |
residence out i

Stat  Stop (1" and 2™ Reason) i

mmtyy mmiyy (So0 Code) |

|
| |
v
Code for moving out ™

01 To find & job 02 Towork 03 Tosiudy 04 To accompany with spouss
05 To save time according to congested trafiic 06 To avoid ar pollution
07 To avoid the other problems of pollution 08 Orther Specified...........




1. Within a 200-m radius of your residence, was there a...............7 {respondants
can reply more than 1 choice)

1. Factory
1. Yes 2 Mo

founded for.......cim i years..........months ago

3. Large shopping center
1. Yes 2, No
foundad for..........cocicnniinnnene. YBEMS. ... months ago
Name of the shopping CantBr.. ... ..o i i e cian e,

4 Academic Institute &
1. Yes 2. No

5. Large construction Le. road construction, high building construction

1. Yeas 2. No

founded for,.......iaaiini years._........months ago

PGIE OF T PIOIBGL. . ... b os it v ims sesm i sasased baae ot bosam ik L b

6.The garaga

1. Yes £, No
founded for...........oian it YEAME........... months ago
NEMS OF the GBPBD. ...t rsniirrnnssabaariniebonesbanasossisnmmssnns
TR V. ., i s T b e SRl R B
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8. Other Specified ie. airport, dockyard, shipyard, railway station, bus station,
lample alc.

Bl s mampenni e v b b N G e e e S e
T Yas for......oovveevenes VEar....... months 2. No
B e i R N e e L R A st 2
1o Y o icd years....... months 2. No
B et L Ao 60 o B S s e i
1. Yes for years....... months 2. Mo

2. Is kitchen Included or separated out of the housa 7
1. Yes, separalsly 2. No, tis in bedroom A. Other specified

3. ls there an air conditioner in the bedroom of the respondents?
1. Yes working age............... years _......months 2. No

4. What is the main fusl using for cooking?
1.Gas 2. Wood 3. Electricity 4. Other spacified. ...............
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Mode 3 Tobacco Smoke '

1. Did you ever smoke cigarette? |
1. ‘lan 2. No skip to quastion no.2 '

Age at onset of smoking.................. VOBE O, e aaiaid Vears ago I
Avearage number of cigarette ............ cigarattalday or..............coce.. Pack/day |
Manner of smaoking |
1. Continuous smoking2. Ever stop smoking then start smoking again l

Stop in the year.......... OF.ooe years ago '

Start in the year._.._.._.. 1 R years ago |

Do you continue smoking at the presant? i
1. Yes average..............cigarette/day 2, Nu&lnp.rmhhg :

[

You stop smoking in the year ._..._.......... OF..eceiescen o YBAIE AYO
Why do you quit smoking?
1. Bacause of health problem '

2. Emwironmental Tobacco Smoke at homa

When you were 15 years old or lower, was there someone who smoke cigarette in
oL o’y

ToWEe | LRI PErSONS 2, No

B2
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Mode 4 Commuting pattern {continued)
1. Do you pass the congested traffic road?

Asoke-Dindang
1. Yes 2. Mo
Outward: Duration.... Hours... Minutes
Time start...... Time stop
Inward: Duration.......... Hours.... Minutes |
Tima start..... Time stop...... |
Taksin-Suksawad :
I. Yes 2. No
Qutward: Duration. ... .Hours... Minutes |
Time start. . ... Time stop......
Inwd; Duraio... ......+%II-LmEI;,.HInuhs |
Nakhon Sawan | I
1. Yes 2 No
Outward: Duration.... .Hours... Minutes .
Time start......Time stop...... | ;
Inward: Duration...___. Hours.,. Minutes 5 ; ,
Time start. ... Time stop...... |
Rachavithi
1. Yas 2. No
Outward: Duration.... Hours... Minutes
Time start..... Time stop
Inward: Duration.......... Hours... . Minutes |
Time start...... Time stop...... |
Sripraya |
1. Yes £, No |
Outward. Duration.... .Hours... Minutes :
Time start...... Time stop l
Inward: Duration.......... Hours. .. Minutes !
Time start....._ Time stop
Srilom '
1¥as 2 No |




Outward: Duration.... Hours.. _Minutes

Time stan......Time stop.....,
Inward: Dwuration.......... Hours....Minutes
Time starl......Time stop.....,
Srlayudhaya
1.Yes £. No
Qutward: Duration.... Hours.. .Minutes
Time starl......Tima stop...,,,
Imward! Duration,......... Hours....Minutes
Tima start..,.., Time stop......
Prayathail
1¥es 2. No
Outward: Duration.... Hours.. Minutes
Time start...... Time stop._....
Inward: Duration.......... Hours... Minutes
Time start...._.Time stop......
Ratchadumneon
1. Yes 2. No
Qutward: Duration. ... .Hours.. Minutes
Time star...... Time stop......
Inward! Duration.......... Hours., . Minutes
Time start... ... Time stop......
At the beginning of Chareonkrung
1. Yes Z. No
Outward: Duration.... .Hours... Minutes
Time start...... Time siop._....
Inward: Duration.......... Hours. .. Minutes
Time start..__._Time stop......
At the ending of Chareonkrung
1. Yes 2. No
Outward: Duration.... Hours., Minutes
Time start..__.. Time slop, ...
Inward: Duration.......... Hours. .. Minutes
Time start...... Time stop. ...




Sathorn

1, ¥Yes 2. No
Outward; Duration.... .Hours., .Minutes i
Inward: Duration.......... Hours. .. Minutes |
Tima start...... Tima stop...... |
Samsen [
1. Yes 2. No
Outward: Duration.... .Hours... Minutes
Time stan,.....Time stop......
Inward: Duration.......... Hours... Minutes i
Time start..... Time stop...... !
Bamrungmeong |
1. Yes Z. No
Outward: Duration.... .Hours... . Minules
Time star......Time stop......
Inward: Duration.......... Hours... Minutes
Timea start......Time stop......
Surawong
1. Yes 2. No
Outward: Duration.... Hours... Minutes
Tima star......Time stop
Inward: Duratlon.......... Hours... Minutes I
Time start...... Time stop |

2. Beyond those roads, do you think you pass anolher congested road?

1. Yas 2. No
B A L e o crreererr o
Outward: Duration.... .Hours.. Minutss
Time start...... Time stop......
Inward: Duration.......... Hours....Minutes
Time start......Time stop




Inward: Duration.......... Hours... Minutes
Time start......Tima stop
- R L S i
Outward: Duration.... Hours,,, Minutes
Time start...... Time stop
Inward: Duration.. . . Hours. . Minutes
Time start....,. Time stop

Mode 5 Past lliness History
1. Do you have parsonal iliness?

T Yon Bpldlinl S R T e
2. Mo
2. Had you ever developad those disaases?
2.1 Tubarculos:s
1. Yes 2. No
Since year....... or at aged....... years
Saverlty 1. Lithe 2. Severe and admitted to hospital 3. Don't know
Al present 1. Recovered 2, St in sickness 3. Don’t know
2.2 Pneumonia
1. Yes Z. No
Since year............... oralaged....... years
Severity 1. Litle 2. Severe and admitted to hospital 3, Don't know
At presant 1. Recoverad 2. 5til in sickness 3. Don’t know
2.3 Bronchitis
1. Yes 2. Mo
Since year................0f 8t aged....... YEArS
Severity 1. Littie 2. Severe and admitted to hospiial 3. Don't know
Al presenl 1. Recoverad 2.5t in sickness 3. Don't know

2.4 Chronic cough

1. Yes 2. No

Since year............... or at aged....... years

Savarlty 1. Litle 2. Severe and admitted to hospital 3. Don't know
At presant 1. Recoverad 2. 5t in sickness 3. Don't know




Appendix C: Sample Size's Calculation
From the McNemar, 1847 (cited in Chamulitrat, 1880}, the formula for matching

case to contral s,

m = [Zef2 + 25 NP1 P ) P, -112)°

Fo = WH1+\y) = R (1+R)
Hlsihanumharuimﬂmmﬂmmmﬁhmﬁlnammmm&gnm
by number of pairs derived by an estimated number of pairs calculated based on the
odd ratios or relative risk of the risk factor {m) divided by the conditional probability
axisting in a discordant matched pair,

R is the odd ratio or relative rigk of the increased diseass,

£y = upper 100{() percentile of the standard normal distribution,

Zp. = lower 100{(L) parcentila of the standard normal distribution




P, = Conditional probability existz in a discordant matched pair related to the cases who

are exposed,

W = P,Qy PyQ, ; odds ratios of disease or the probabiities for an exposed versus a

non-exposed group

The major risk factor of ung cancer i smoke from both the indoor and outdoor
environment. Xu et al. (1889) conducted a study in Shenyang, China, and found that
thamlalhurhknflungnwwauahuamungmmawhumpmndammhyumdnﬂ
mhmlnlhhmﬂy.ﬂmhﬁwrhk{ﬁ]aqtﬂhmh used to calculate m at Ot

and [} = 0.05.

m = [1.9612 + 196V (313N 1213 — )’ -

= 130.2

And P, = (PyQ, + PyQq)

F'u!sthampm'ﬂnnufmnhul:ﬂmamam-dmalrpmmnnrhamu

probability of exposure to diseasa

P.hﬂmpmpumnndmmmama:pmndmnkpuﬂumﬂwmﬂ

probability of baing diseasa-free

Qp = 1 - Py = proportion of non-exposed population which remained disease frae




@y = 1 = P, = proportion of exposed population which remained disease frea

Because of geographical differences, the sample population can nol ba based
on another study. In this study, it will be mors appropriate o changa some dafinitlons of
tha original formula.

P,hthauumulauverhku'pmhabmyufdmuhgmﬂnmmmnm

exposad to the risk factor

Py Is the cumulative risk or probability of disease diagnosis among those

exposad to the risk factor

Nevertheless, the actual frame of lung cancer cases who are registered as
Bangkok residents is barely known, The P, which was equivalent to 0.5 was
appropriate under an assumplion that everybody has the same opportunity or chance 1o
have air pofiution exposure. Finally. in McNemar's formula, the minimum pairs of the
sample population is

M = miP,

=130.2/0.5
= 260.4 pairs

Some non-participatory cases might be found; therefore, we had over sampled
by 15 percent for lung cancer cases. The total pairs In the study was 300 pairs of cases
and controls. In order to collect data for 300 controls, a sample of 1, 500 conirols, which

ls 400 per cent over sample were drawn. A high non-response rale was axpected due

lo high mobility, incomplata registration information, and non-cooparation.




Appendix D: Consent Form (in Thai) For Lung Cancer Pationts
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Appendix D: Consent Form (ln Thal) For General Populations
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Khan P, Punpuing S, Hooper M, Hooper B, Wongtim 3. Commuting and exposure o
airborme carcinogenic materials: a case study of Bangkok alr pollution. Chula Med J
2003, Vol. 47(8) (In Press). It is also availeble in CA SEARCH
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1. Siriwan P, Punpuing S_, Podhisita C_. Hooper M., Wongtim S., and Raymant P.
2002. Air Pollution and Lung Cancer- A Case Study of Bangkok Residents; Some
Praliminary Findings. A paper presanted as an oral presentation at the 2002 annual
maaling of the Population Association of America, Hilton, Allanta, May 9 =11, 2002.
The travalling cost was totally supparted the Population Assoclation of America
{Attached Document No 2)

2. Khan P, Punpuing 5., Hooper M., and Hooper B., 2003. Commuting and Exposure
lo Airborne Carcinogenic Materials: A Case Siudy of Bangkok, A paper prasented as
a poster prasentation at the 2003 annual meeting of the Population Association of
America, Hilton, Minnesota, May 1 - 3, 2003. The travelling cost was partially
supported by the Faculty of Graduate Studies, Mahidol University. (Attached
Document No 3)
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3. Priyakamon Khan joined as a participant and presaniad her papar (4ir Pofution
and Lung Cancer: A Case Sludy of Bangkok Residenis) and research proposal in an
International Workshop ‘Urban, Transport and Health in Asia' Organized by
AsianMetacentar, at the Old Canbarra House, Australian National Univarsity,

Canberra, February 16 —18, 2003. This participation was totally supported by
AsianMetacenter (Attached Document No 4)
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|- Attached Document No 2
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Population Association of America S0 Fanion Swe
Shite 722
Sitver Spring, MD 20010-3812
201 565 6710
fax 301.565 7850
ht‘tp'.r.f'nww.pn-nmnnurg
e-mall stephene@popassoc.omng
February 1, 2002
Priyakamon Sirtwan
Niahidol University
Institute for Population and Social Research
Nakhon Prathom 73170
THATLAND

VIA FAX: 661244] 9333

Dear Dir, Sinwan:

We are pleased to inform you that the Population Association of America has granted you an
award covering the costs of travel, regismation and membesship for the 2002 PAA Annual
Meeting. May 9-11, in Atlanta, Georgia, USA. This award is made possible by grants from
the Andrew W. Mellon Foundation and the William and Flora Hewlett Foundation,

PAA will purchase an airline ticket for you and forward via delivery service. PAA will also
pay up to five nights lodging expenses at the Hilton Atlanta Hotel, and provide $50US cash
per diem expenses, and round trip ground transportation from Atlanta airport. The per d!:m
monies will be paid to you when you amive at the hotel in Atlanta, GA. Administrative
procedures do not allow us to send advance payment. Your registration fee for the meeting
and a one-year membership in PAA will also be paid for you.

Please confirm that you will be able to attend the mesting by completing the enclosed form
and retorning it to Stephanie Dudley, via fax 300/565-7850 or email
stephanie@popassoc.org. Also confirm that as of the PAA meeting in May you will be, if
you are not currently, a resident of a developing country.

Adrline tickets may be restricted, and in most cases cannot be changed, We cannot 15sue dp:ﬂ
tickets, please make sure all information on the form is correct.

You are cordially tnvited to atiend a welcome breakfast, on Thursday, May 9, 7:00 am. | An
imvitation will be included with vour confirmation packet and airlinc tickets.




A letter for use in obtaining a visa for your visit to the United States is also enclosed. It s
your responsibility 1o obtain a visa from the United States embassy, consulate, or interest
section, if a visa is required by citizens of your country. We recommend that you apply right
away to avoid delays '

Finally, the Fcundations funding these awards have tequested that we provide feedback on
this program. To assist us in this task, we request that you submit a brief report afier the
meeting on the valoe of this award. Please include the following information in the report: |

« Did you receive feedback (comments, criticisms, etc.) on the paper you presented? ]L"O
you expect to use this information in revising your paper? '

» Do you have plans to publish your paper? Hsup&emmuﬁdﬂth!dlﬂﬂ&wthllH
journal, etc. |

» In what other ways did you profit from this award? (For example, setting up & research
collaboration, meeting with funding agencies, finding out about new endeavors in your
field, etc) In what ways do you think your participation at this meeting may affect
research, professional work and career in the future’ YTI

Flmehﬂﬁuhimimmmhﬁrmﬂnnﬂnlmmmpumnwﬂmnfqﬁ:
program. |

Congratulations on your award Over 100 applications were received, and selection was
highly competitive this year. We appreciate your interest in participating in the PAA Annfal
Meeting. The members of the International Qutreach Committee look forward to meeting
you in Atlanta, GA. and hope your trip will be pleasant and professionally rewarding. |

Smcerely,

ekt sty '

Enclosures

e R OO RN, ST




Population Association of America 8630 Fanfon Siraet
Suils 722
Siver Spring, MO 2081 nlt:mz

!M.&E&}ﬂm

For :ﬂ'I.HS_J!Eﬂ

hitp famwna popassan.org

s-mal slephane@popassec.og

February 1, 2002

To Whom It May Concemn:

Priyakamon Siriwan has been invited to participate in the Annual Meeting of the _
Population Association of America (PAA), May 9-11, 2002, in Atlania, Georgia, United
States of America. This it a scientific conference, the purpose of which is to discuss
research on population and related issues. PAA has made an award to Priyakamon
Siriwan to cover costs of & round trip airline ticket, lodging and meal expense in Atlanta,
Georgia. '

We would appreciate your assistance in making this visit possible. Please contact me at
tha PAA office, fax 301/565-7850 or email stephanie@popassoc.org if there is any
additional information we can provide,

Sincerely, &




Attached Document No 3

Popuilation Association of America BE30 Fenton Street

Suite 722
Silver Spring, MD 20810 - 3812

301.565.6710

fax 301.565.7850

hitp/fwww popassoc.org

e-mail stephanie@popassoc.ong

January 3, 2003

Priyakamon Khan (Siriwan)

Institute for Population and Social Research
Mahidol University, Salaya
Phuttamonthon, Nakhon Prathom, 73170
THAILAND

Dear Dr. Khan (Siriwan):

Your paper, “Commuting and Exposure to Airbome Carcinogenic Materials: A Case
Study of Bangkok,” has been selected as part of the program for the 2003 Annual
Meeting of the Population Association of America (PAA), May 1-3, in Minneapolis, _MH,
USA. This is a scientific conference, the purpose of which is 1o discuss research on
population and related issues.
[

We look forward to your participation in the conference. Please contact me at the PAA
office if there is any additional information | can provide.

Sincerely,

Stephanie D. Dudley
Executive Director
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THE AUSTRALIAN NATIONAL UNIVERSTY %

NATIONAL CHNTRE FOR EFDEMIOLOGY AND FOPVLATION HEALTH Telephone: +1 2 6125 2378
The Awiiralian Mational University Facsimile: +51 2 6115 0790
CANWERRA ACT 0200 AUSTRALIA Email

World Wide Web: bitp:/ /rosphanu.eduay

Dear S/ &4 ST W

International Workshop on Urbanisation, Transport Systems and Health in Asia to
be held in Canberra 16-19 February 2003

This letter is to confirm your invitation to the International Workshop on Urbanisation,
Transport Systems and Health in Asia to be held in Canberra 16-19 Pebruary 2003. The
workshop is being hosted by the National Centre for Epidemiclogy and Populaton
Health (NCEPH) at the Australian National University, and organised by NCEPH in
conjunction with the Asian MetaCentre for Population and Sustainable Development
Analysis.

All your accommeodation, transpoet and incidental expenses connected (o your atiendance |
at the workshop will be paid for as outlined in the workshop natice.

Yours sincerely

')ﬂ(L%%,L,LLL 5

10/10 *d B09SSZ1A 2 18 HOLIFHIA KdN bp101 NOW EO02-HUF-90




hitp:f/www.populationasia.org

ASIAN METACENTRE
FOorR POPULATION AND SUSTAINABLE DEVELOPMENT ANALYSIS
l Supparted by The Wellcome Trost

Primcipal Investigators

NUS Franda: Jook Wolfgang Lurz Vipan Prachuabmah
of Singapore of Singapare, Syrtem: Anvdyeis WM! ‘Wu..hm
Finpipirs [TASA (HASAL Anirio ettt [fniversity, Theikind

DID: 65-5874-67%7
Fax: 65-6TT0 1418
E-makl: popnasls@needu.sg
22 December 2002

Mis Priyakamon Khan (Siriwan)
Deépartment of Public Health Mursing
Faculty of Public Health

Mishidol University

Rachavithee Rd, Ratchathevi

10400 Bangkok, THAILAND

Dear Mrs Ehan (Sinwan),

Mmu&wmmmﬂmmm-mmmm _ _
National Centre for Epidemiology and Population Health (NCEFH), Aunstralian National University

Cancer: A Case Study of Bangkok Resideats — Some Preliminary Findings

firward to your presentation. Further, we are glad to enclose a tentative list of presentations that -
have been accepted for submission at the workshop, We hope that this would give you an idea of
mundtingmhufmﬁ:mmﬁmmdﬂxpmmiu&mﬂt:yhnldfutaua:ﬁlidjmmﬁmlt

We would appreciate if you could prepare a short outling setting out your ideas on what 'would
make a good project Euruaddngﬁmding.unﬂntnpinnfhualﬂ:,mmmdmhmimﬁm.m
in knowledge as it relates to your country, and data sources. These should be no more than three
pages. Please send us your outline by 31 January 2003 so that it can be made available during
the workshop

We are pleased to accept your submission for the workshop titied “Air Pollution .:::ilﬂ

Please kindly note the following arrangements for your participation in the workshop:

. Kindly confirm your participation with Ms Verene Koh (Asian Mﬁtni:ﬁntm

headquarters) at popnasia@nus edu.sg, and Dr Bruce Caldwell (NCEPH) al
Bryce.Cald an w8y simultanecusly by 10 January 2003

2 Wuwmddbuuhhmiuhaidiuwu:mnmmﬁlmuﬂuu{m:irpuﬂuiﬁmd
visa fm}uptnanmﬂmmnnfﬂil,!il}{singapumnnllam}. Airfare will be reimbursed
upon receipt of the Original Invoice or Receipt for the airticket around or after the
wammm.mmmmmmmmimtmmmmmmm
through our Singapore Headquarters.

MeraCenire Headguariers: Aria Research lastitufe |
Nariaaal University of Singapere, fhaw Fowndarion Buillding, Bik AST, 5 Arts Link, Singapore JITEFO,
| Telephome: (65) 6E7THETPT Fax: (635) 67791428 Email; popravia@aws. ede. s |




. Your accommodation on campus, which is the workshop venue, will be covered by the

warkshop for the nights of 16 — 19 February 2003 (4 nights). You are welcome to axtend
your stay al your own expense. Please kindly pay your lodging bills for items mot
mvﬁndhythewrhhnpdirmﬂymﬂmpﬁmin-dumnfﬂuhdgmgs. You will be
informed of the location of your accommodation in a subsequent correspondence.,

A token per diem will be provided to defray the cost of your attendance in the 1
[umhmldmwillbuprnﬁdﬂdfﬂrl?'—l?Fﬂruw!WS.nﬁl:m:wnrkshnﬁi:h
SEsSion, '
Yuummﬂilﬂyinﬁmdmﬂlg\ﬁlmumpﬁnnmlﬁhbnmmdlhﬁﬂmﬁrmn
dinner on 17 February. '

Please note that a separate invitation lstter will be sent to you by mail from NCEPH, ANU to
facilitate your visa application to Australia, where applicable.

Yiours sincerely,

3{ 'A%?mh
Prncipal Investigator, Asian MetaCentre

Encs: List of accepted submissions for the workshop

&
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DI A5-6E74-6T97
Fa: 65-6779 1424
E-mall: popriasiaginis. edu s : | |
&3 December 2002

Mrs Priyakamian Khan {Sirtwan)

Dear Mrs Khan (Sirwan),

URBANISATION, TRANSFORT AND HEALTH IN ASLA, 16 - 19 FEBRLWRY X003
Matioral Cantre for Epidemiciogy and Popdation Health (NCEPH), Austrafan
Hatonal Unkeersity

Wia are plaased bo scoept your submisson for the workshop tded “Alr Poliution

and bung Cancer: & Case Stuchy of Bangkok Residents - Some Preliminary Findings™ i
and look forwand to your presentation.  Further, we are glad o enclose a

tentative list of presentations that hane been accepted for submission at the

workshop, 'We hope that this would give you an idea of the esclting reach of

these presentations and the promise that they hosd Tor 3 useful discussion at

e wiorkshog.

‘We wolld apgreciabe i you oould prepare & short. oulline seiing out your idess
ot wiat would make 3 good project for sesking funding, on the tople ol hesith,
tramsport and urbanlzathon, gaps in knowledge as It ralabes o your country, and
hatn sources. These should be no mom than thres pages.  Mease send us your
gutiine by 31 Janusry 2003 so that it can be made availabie duning the workshop

Measse kiradly note the fobowing smangemaenis. for your particpation in tha
WSO,

1, Kindly confinm yoor pastioipaton with Ms Verene Koh (Asan Metalenme '
hsadipaaniers) b popnasiaidnus edu.sg, and Br Bruce Caldwall (MCEFH) at '
Bripce Calibwelifiani. edu.au simultanecysly by 10 lamsary 2003,

2 We would be able to subsidine your economy-cless airfare (including almport
teés. aned visa fees) up o a maximom of 551,250 (Sirgapore Dollars). Alrfare [
will e raimbursad upon mecepl of e Original Trvoice oF Reosspl for the
sirtickosl around or after the worlshop périod, socording to the sctual sifane
incurmed [subiect o the stated maximum] through our Sngapors Haadguartes.,

3 Your accommodabion on campus, whech & the workshop venus, vaill be coversd
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ity e worishio for the nights of 16 - 19 Rebnasry 2003 (4 nights). Yoo are
WESCOME b0 extend your Stay ot your own Sxpense. Pisses kindly pay your lodging
bills e ems nok covered by the workshop direclly to the person-in-charge of
the ipdgings. You will be informed of the ocation of your aoommodation in 2
sulsequent

Correspondance.
4, A boken per diem will be prosided o delray the oost of your sttendance n
the worikshon.
5  Lunch and tea will be provided for 17 - 19 February 2003, while the workshop
I in sesson,
6. You ame condially ineited to e Welcome reception on 16 Febwuary and the
Conference dener on 17 February.

Finase nobe that a separate nvitation leter will be senk © you by mai from
NCEPH, ANU to facilitate your visa application to Austraka, whene applicable,

Yours sincerely,

#ssoc Prof Brenda Yeoh

Principal Irwestigator, Asian MetaCentre
Workshop Organising Commities

Ence  Ust of scompbed subrissions fior the workshop
<<=t of Accepted Submissions.docs >
F5: The hard copy of this letter wll be sant to you by post.

Motice: Aftachments sre sutomntically scanned for vinsss using _
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‘ BIOGRAPHY

NAME Mrs, Priyakamon Khan |

DATE OF BIRTH 15 December 1966 |

PLACE OF BIRTH Chacheong sao, Thailand
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Bachelor of Nursing

National Instituts of Developmant Administration, |
1882- 1904
Master of Science (Applied Statistics)

Mahidol University, 1998-2002:

Doctor of Philosophy {Demography) s
FELLOWSHIP/ The Royal Golden Jubilee scholarship
RESEARCH GRANT Thalland Research Fund, Thailand, 1992-2002
OFFICE 1892 — Present, Dept of Public Health Nursing,

Faculty of Public Health, Mahidol Unlversity,
Bangkok, Thailand
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