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CHAPTER |
INTRODUCTION

1.1 Rationale Background

Thailand has a few natural energy TeSources, and the fuel requirement was
rapidly increasing along with-ihe-growth-of the-econemy and industry therefore, fuel and
energy supply has been an-mporiant issue in country because Thailand imports 90%
total amount of petroleum‘Uised each yeat. In 1997, the retail price of gasoline began to
increase when Thailand's economy crashéd? causing the exchange rate to become
unstable. Moreover, OPEC decreaset thei_r-'oil production while the energy use rate
especially oil, was still inéreasing. .n 1999_1;.:T'Hailand lost more than 1,680 million by
importing oil. These problems-prompted the ‘government to consider finding new
sources of fuel and-gnergy in the country'fdcc)mpensate the importation of oil. The
Ministry of Energy (MOEN) promoted and supported the nationwide use of alternative
fuels such as LPG, CNG, and gasohol to replace all conventional gasoline and diesel
with biodiesel.-There, are many seasons, for Jhailand-to-pursue an ethanol program
designed to reduce dependence on fossil fuels in the transportation sector. According
to the palicy, there-are patential positive benefits ‘0f such‘prograriisuch as relief trade
balance burdens due to heavy reliance on foreign oil, use of potentially carbon neutral
fuel, future national security, and rural economic development. Such incentives have
encouraged the Thai government to consider ethanol production as a realistic
opportunity to accomplish these goals. (Ministry of Industry, A Study of Feasibility of
Promotion on Ethanol Production Project, 2000). Thailand's aim to expand the current



production capacity to a large-scale industry capable of replacing at least 10% of
foreign gasoline by volume. At present, the regular 95 octane-benzene was completely
replaced with gasohol 95 since January 2007, and is already increasingly difficult to find
regular 95 gasoline at gas stations. The regular 91 octane-benzene is allowed to be sold
for some more years, but to be replaced with gasohol 91 by 2012. Biodiesel (B5) is now
widely used in Thailand especially In the franspoitation sector. At present, the use of
gasohol has reached more than 6.5 million hters/day. Likewise, the production of
biodiesel has been initiated and Would reach sales of more than 52 million liters/day. As
part of the government'sp0licy, the MOEN and the world's leading car manufacturers
initiated a meeting on March 9, 2005 to assure that the use of gasohol would not
damage the car engines and.{o inform car ysers that they can immediately use gasohol
without making any enging modlification. To-prbmote gasohol usage to car owners, the
price of gasohol was set at & lovier grice than fhe 950or 91octane-benzene. In 1981, the
project on pilot scale of power-aicohol from cassava.as an alternative source of energy
was entrusted to the: Fhailand-institute of Scientific and Technological Research (TISTR)
and the Ministry of Science, Technology and Environment by the cabinet's approval.
(Thailand Institute of Scientific and_Technological Research, 1983). In 1985, when His
Majesty the King Bhumibol" Adulyade) foresaw’ that Thailand might experience oil
shortage, as:well as-lowsprices:for-agricultural products:iTherefare; has again initiated a
personal“project at Chitralada Gardens to study the use of sugarcane to produce
ethanol, which is then mixed with gasoline to produce gasohol. Experiments have been
conducted with vehicles as part of the Chitralada project since 1994. Test with both
small and large engines all yielded good results in the testing center and on the road.



Countries all over the world have produced ethanol for use in the transportation
and industrial sector for several decades. These countries including Thailand were
exploring the implementation of large-scale fuel ethanol programs. Brazil however, is the
only country until this date that operates a nationwide fuel ethanol program capable of
replacing substantial amount of gasohn hanol blended fuels are now used in Europe,
Japan, Philippines, Canada, and North V? azil in particular, has developed cars
that used up to 25 percent_eznanni;and mcen@thanol has already been used in
about 14% of Brazil's tota ul t|Sr: Brazilian rlvers can fill up with ethanol at
29,000 filling stations
stations that sell the E8

about 4,149 gasohol fill

_ ”e- untry, while USA have about 600 gasohol
e d at §§% ethanol and 15% gasoline. Thailand have

stafions of ElO’pb_[oughdut the country.
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Figure 1.1 Gasohol Policy in Thailand.



Ethyl alcohol has long been used as an automotive fuel in two ways: First, it
replaces gasoline outright in a somewhat modified internal combustion engine; and
secondly, it is an effective "octane booster" when mixed with gasoline in blends of 10 to
30 percent and requires no engine modification. These blends achieve the same octane
boosting (or anti-knock) effects as petroleum-derived aromatics like benzene or metallic
additives like tetraethyl lead. Many people-aie familiar with Gasohol, a popular fuel
blend in the American Midwest in the late 1970s, which was a blend of ten percent ethyl
alcohol and gasoline. While-ethianal, -has many aitractive qualities however, adding
ethanol to gasoline in.small” amount Increases the overall level of hydrocarbon
emissions. The ethanol.cansbe added to 'gasoline at levels as high as 2.1% oxygen
without significantly increasing sNOx levels,” but above that point, NOXx levels can
increase somewhat. For example, the US Environmental Protection Agency (EPA) test
data on over 100 cars indicates fhat oxygenilre\/egls 0F2.7% or more could increase NOXx
emissions by 3-4%. Most studies found that MTBE.increases formaldehyde emissions
(Hood and Farina, { ¥995); acetaldehyce emissions incieases greatly with ethanol.
Although the potential positive benefits of ethanol are well known, a debate lingers
among members. of scientific-communities, ifielustry, and government as to the extent of
these benefits. In. some cases ethanol blended fuel'can be proven as an environmental
disaster-if aqaroper-assessment oftheslacal-environment isnot performed. It is known
that ethanol burned on vehicles, depending on the characteristics of the engine, can
produce excess acetaldehyde. It is also known that under certain circumstances,
acetaldehyde can cause significant increase in ground level ozone. What is not known is
the effects of this excess acetaldehyde will have on the atmosphere of Thailand,
especially Bangkok Metropolitan Region (BMR).



Combustion of ethanol in an internal combustion engine yields many of the
products of incomplete combustion that are produced by gasoline and significantly
larger amounts of formaldehyde and related species such as formalin, acetaldehyde,
etc. (California Air Resources Board, 1989). This leads to a significantly larger
photochemical reactivity that generates much more ground level ozone (Lowi A.et.al.,
1990). This data has been assembled into The Clean Fuels Report comparison of fuel
emissions and shows that ethanol exhaust gerierates 2.14 times as much ozone as does

gasoline exhaust.

Table 1.1 Biofue! Refueling Stationsin Thailand

F

Gasohol Station = | __4-,__1’49 T:f‘;z_lg?asohol 95 3530
|~ | Stations
[t L .
2 Gasohol 5 619
JJ_ _'\_J
) Stations
Bio-diesel 4B5 698 LPG Stations 256
Stations
Palm: Diesel" Stations .| 4 CNG ' Stations 115

Source: Ministry of Energy, 2008
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Figure 1.2 Consumption.of gasohol 91 in Thailand

Formaldehyde+ degompaoses lnto /methanol “and carbon monoxide at
temperatures above 150°C,thatigh uncatalysed Formaldehyde decomposition is slow
at temperatures below 300-C. Under atmosphenc conditions, formaldehyde is readily
photo-oxidized by sunlight to carbon d|0x1de It reacts relatively quick with trace
substances and polutants in the air, and |ts half life in. urban under the influence of
sunlight, is short, In"the absence of nitrogen dioxide, the half-life of formaldehyde is
approximately 50 minutes, during the day; and in the presence of nitrogen dioxide, it is
about 35 min.

Rhoto-oxidation .of -acetaldehyde, accurs A the atmosphere, through various
mechanisms, such as the reaction with hydroxyl radicals, 0zone, hydroperoxyl radicals
and nitrate radicals. On the basis of the rate constant for each of the reactions and the
concentration of the reactants, the reaction with the hydroxyl radical is considered to be
the most important (Atkinson, R.,1990). Factors influencing acetaldehyde's atmospheric
lifetime, such as time of day, sunlight intensity and temperature, also include those
affecting the availability of hydroxyl radicals and nitrate radicals. The atmospheric half-



life of acetaldehyde, based on hydroxyl radical reaction rate constants, is calculated to
be less than six hours (Canadian Environmental Protection Act, 1999). Furthermore,
formaldehyde and acetaldehyde were determined by US. EPA as carcinogenic
compounds. Therefore, their presence in the ambient air may posses a treat to human
health. The final report on the identification of formaldehyde as a toxic contaminant
which was prepared by the California Environtaental Protection Agency’s Air Resources
board and the Office of Environmental Health Hazard Assessment (OEHHA) on March
1992, which stated that the~upper bound risk of coniracting cancer from continuous
exposure to Formaldehyde“atd pphv to-fange from 0.3 to 40 x 10° ppbv (0.25 to 33
10° ug/m?). This correspéngs that 1 to 40 potential excess cancers occur among a
million people continuously exposed-fo 1”?p|5bv formaldehyde over a 70-year lifetime.
The OEHHA also recommend that thie unit rlsk for acetaldehyde is 4.8 x 10° ppbv (2.7 x
10° ug/m®) be considered the best vlie of"tjhé ipper bound of risk. This unit risk stated
that with a lifetime exposure to-1-ppby acetal‘ﬁ'éhyde over a 70-year lifetime. would yield
4.8 excess potential CANCErcases permillion peopie:
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Figure 1.3 Consumption of gasohol 95 in Thailand
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A kinetic trajectorysmadel (.OZIPV\Q was done by Bangkok Metropolitan Region
(BMR) to explore the impact of dlifferent moter yehicle o fuel policy initiatives on ozone
formation in the atmosphere of BMR'ﬂreIatedftféethanol use. There was a high probability

ety

that ethanol use in Thailand will increase ampie;nt' concentration of ground-level ozone in

the short term. The, addition of 'éldehydes__i_ﬁ'the model.résulted in increase of ozone

production in the atm‘osphere of Bangkok as seen in restit of the OZIPW model. The
most susceptible days fo increase ozone from ethanol use, are low ozone days, but the
extent of these increases are still unknown. The results of lowjozone day showed a large
increase of ozone with the addition 0f:20% aldehydes to the BMR atmosphere, and even
greater change if total'VOCs wereeduced: It was also‘observed that the additional
increase in aldehydes to the model (such as from a change of MTBE 7.5% to ethanol
7.5%) gave significant rise in ozone (Zhang-B.N. et al., 2002).

Ultimately, the ethanol program in Thailand must be beyond the definition of
feasibility and sustainability. The sustainability of ethanol production program

incorporates technological and economic realities with social and environmental



necessities. Even if the ethanol program proves feasible technologically and
economically, the health of Thailand's society and environment are crucial to maintain its
long term success. Therefore, the establishment of Air Quality Standards for toxic air
pollutants, and constant monitoring and evaluation of the status of carbonyl compounds
in the environment is very important to go along with the ethanol program, in order to
achieve and maintain sustainability.

The use of ethanol blended gascline i transportation sector has been proposed
as an alternative fuel straieqy.inak pught improve air quality minimizing dependence on
fossil fuels. In an attemjptto secluce urban benzene, 1,3butadiene, and carbon monoxide
concentration levels, the Thai governmeht IS cureently mandating the use of ethanol
blended gasoline. It is#not Clear that (i ethanol blended fuel will help improve air
pollution in Thailand. In fact, the use of this fuél.may lead to increased level of aldehydes
especially formaldehyde, acetaltiehyde and "vaé"r"ts)lein. Although these pollutant are not
currently regulated in“Thailand, their potentialshéél'th and.environmental impacts must be
considered when assessing the impacts of alternative fuels en air quality in Thailand.

1.2 Objectives of the Study are:

This 'studyaims to' develop @-baseline study for carbanyl.'compounds in
Bangkok's ambient air associated with gasohol. There were three specific objectives

carried out namely:

1. Toidentify and quantify the carbonyl compounds present in urban air.
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2. To study the spatial distribution of carbonyl compounds in Bangkok urban

area.

3. To determine the concentration of carbonyl compounds in relation to traffic
density

1.3 Scope of the Study

This study was-geneally iocused on Bangkok Urban area and the sampling sites
were mainly selected-from«the“air /quality imonitoring stations of the Pollution Control
Department, Bangkok:“For the/analysis oficarbonyl compounds the researcher utilized
the Compendium MethodTO-11A" as Quideline which focused on 15 carbonyl
compounds. However, much emphasis “has been given to formaldehyde and
acetaldehyde because these competinds were Félated to gasohol fuel. Moreover, these
compounds are toxic-and pose public health risks. These/two compounds also act as
photochemical precursars to free radicals and, therefore, play an important role in
ground level ozone formation. Carbonyl compounds are emitted from sources or formed
in the atmosphere from-atmospheric-oxidation of ‘hydrocarbons, incomplete combustion
carbonaceous material and fossil fuels. Furthermare, these compounds were found
prevalent inBangkok's ambientais, and'some were classified asicarcinogenic by the US
Environmental Protection Agency, IARC and Office of the Environment Health and
Hazard Assessment.
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1.4 Benefits from the Study

Carbonyl compounds especially formaldehyde and acetaldehyde are
compounds that were stated by the Office of the Environmental Health Hazard Agency
(OEHHA) and U.S. Environmental Protection Agency (US EPA) as carcinogenic
compounds. After completing this, research, the researcher expect to obtain reliable
data to propose to the Pollution Control Department as a supplemental data for the
establishment of Air Quality Standards far Toxic-Alf Pollutants in Thailand, to protect the
health of the people especialiy the vulnerable group.  The data acquired is also very
useful as baseline information for carbon)}.l compounds inrelation to the use gasohol as
an alternative fuel in Theiland. Moreover,fhig stucly will‘also serve as guideline for the
study of other alternative'fuels stich as biod!ie__s.e__lk_, CNG, and others.



CHAPTER I
LITERATURE REVIEW

2.1 Current Ambient Air Quality in Bangkok

In 1992, the Pollution Control Deparimeni«(PCD) started to build up a nationwide
ambient air quality monitering-network-and-imeteorological monitoring network. The
networks were gradually installedover several phases; and were completed in 1996.
The ambient air quality meniterind network consists of 53 automated ambient air quality
monitoring stations locai€d tiroughout-the bo_untry. Various ambient air pollutants were
measured such as CO, NOx/SQ,, O, TSP, _F;Mlo, Pb, HC, and H,S. Results of ambient
air quality monitoring for more than. 10 yeargg i_ﬁdicate that the air pollutants of greatest
concern in Bangkok are SPM, especially PM, and CO which were mostly emitted by the
transport sector. Air-pollution in Bangkok due to high-concentration of SPM was among
the highest priority problems (Wangwongwatana, S., et al.; Air Pollution Management in
Thailand). High concentration and frequent exceed of ambient air quality standards for
TSP, PM,,, and-CQ, especially along the majorroads in-Bangkak, were high enough to
result in significant adverse health impacts to the people.

Research in' cities-throughaut<the~world indicates that currentlevels of public
exposure to airborne particulate matter are associated with premature mortality and
respiratory-related illness. Particulate air pollution includes solid and liquid particles
directly emitted into the air such as diesel soot, road dust from the transportation sector,
agricultural dust, or particles resulting from construction or manufacturing processes.

Particulate air pollution is also produced through photochemical reactions among
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pollutant gases such as sulfur dioxide or nitrogen oxides that are a byproduct of fuel
combustion. The illnesses associated with airborne particulate matter range from severe
acute and chronic illnesses such as asthma attacks and chronic bronchitis to mild acute
symptoms such as coughing, wheezing, and congestion. The daily mortality study
examined the relationship between daily fluctuations in PM10 and the number of deaths
each day in Bangkok based on available death.certificate, PM10, and weather data.
This analysis determines the increased mortality risk, if any, associated with short-term
fluctuations in PM,, concentrations; ut cloes not necessarily reflect risks associated with
long-term exposures. Stuglies in many cities around the world have found that increases
in particulate matter copeenirations on a \Cj'iven day are associated with increases in
mortality within a few days thereafter. These assclations have been observed even in
locations where local air quality standards ére met on most days. Available results from
other cities suggest that on average, a_‘déy_.-- with a 30 mg/m?® increase in PMy,
concentrations (24-hour average) is associated with. about 3% higher daily mortality.
Like many other megacities in-the worid; the air poliution’ problem in Bangkok was
associated mainly with' the use of fuels In"the transport sector. The government,
therefore, started examining- petroleum fuel-Specifications. with the aim of reducing
fransport emissions as one of the Several measures toimprove arr quality in Bangkok.
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Figure 2.1 Average'Conceniration of Total Suspended Particles (TSP) in
Bangkok (1992- 2600) -
Source: Pollution Contrel Department; 2000

2.2 Thailand's Policy on-Alternative Energy by Ethanol

Thailand has aleady developed a detailed, supporting policy for its ethanol
program. On December 26, 2000, the Thai cabinel approved promotions and
supporting measures on the production of and utilization of ethanol fuels, as proposed
by the Ministry of Industry. According to the palicy the government will support the
establishment of ethanol factories:aecording to prescribed promotionsiand other various
measures. This project will not only ease dependence on importation of oil additives, but
will also potentially solve current air pollution problems, while developing new markets
for selected agricultural crops. Hopefully, these measures will provide stability in both
energy supply and economy of the country, The Ministry of Energy had also determined
the energy strategies for the country's competitiveness, which had been approved by
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the cabinet on September 2, 2003. One of these strategies is the sustainable alternative
energy development that had set the target on increasing the proportion of commercial
renewable energy generation from 0.5 percent in 2001 up to 8 percent by 2002. Biofuel
development, from ethanol and bio-diesel, is a goal under the plan of increasing the
proportion of renewable energy use. Ministry of Energy, by DEDE, had established a
Gasohol Strategy to propose in the Joint Meeting.between the Ministry of Energy, and
the Ministry of Industry and finally propased to-the Cabinet on December 9, 2003. The
Ministry of Energy had Set the-taiget on using ethanol o replace Methyl Tertiary Butyl
Ester (MTBE) in gasoline95 by 1 million‘L/day by 2006 and to use ethanol to replace
MTBE in gasoline 95 andgasoline 91 for 3 million Liday by the year 2011. The Ministry
of Energy also proposed e abinet to agree'on reducing the Oil Fund burden on April
19, 2005 by proposing gasahol” use prorhoti’dn scheme as well as to speed up in
increasing the gas stations from 800:to 4000 stations throughout the country by the end
of 2005. The government also-emphasized on the.use of gasohol in all vehicles of
government and of ‘State™enterprise to-comply with the, cabinet resolution dated
December 9, 2003. A" requirement on the 431 gas stations located within the
government and. state.entérprise campuses’ta change for selling on gasohol. The
Ministry of Energy 'had-also determined the’ meastres fo support and promote using
biofuel-especially gasehol-by=inereasing the pricing wifference hetween gasoline and
gasohol ‘and increasing the remittance to the Oil Fund. The Thai Government has
formulated a two- phase gasohol (gasoline-ethanol blend) program. In Phase 1 (2004-
2006), in addition to the three ethanol plants currently operating, three others are
scheduled to come on-stream by the end of 2006, and this will increase the production
capacity to 1.155 million liters/day. For Phase 2 (2007-2012), the Government awarded
license to 18 new biodiesel plants, and this will bring the total installed capacity to 3
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million liters/day by 2012. Of the 18 new plants in Phase 2, 14 will use molasses as
feedstock and the remaining four will be cassava-hased. Thailand's gasoline demand is
estimated to be 30 million liters/day by 2012, and so there will be sufficient ethanol for
blending in E10 gasohol (10% ethanol in gasoline) to meet the entire national daily
demand (27 million liters of regular gasoline plus 3 million liters of ethanal). By 2012, the
91 octane regular gasoline will be replaced by.EL0 gasohol, which has an octane rating
of 95. The Government is_providing thesnecessary infrastructure for ethanol blending
and gasohol distribution. The-sustained availability of feedstock (sugarcane/molasses,
cassava) for ethanol manufactureis of critical importance to the success of the gasohol
program. Thailand is hyfasthe largest pfoducer of sugarcane in South-East Asia.
Sugarcane production peaked at 74.3‘million tons in. 2003 but fell to 65.0 million tons in
2004 and 49.6 million tons in"2005 owing -t'o ‘drought conditions. Even so, the sugar
produced (5 million tons in 2005) is greatly in-éxcess of domestic requirements (about 2
million tons annually), and se Fhailand is & majer. exporter of sugar and molasses.
Through the allocatién—ofa portion of the sugarcare  grown to direct ethanol
manufacture, the ethanol production capacity can be further increased. Thailand is well
positioned to become thedominant, ethandl-producer.in_Asia( Ministry of Energy, ).
Thailand is Asia’s largest producer of cassava, with'an average output of 20 million tons
a year~After-domestic consumption jand; export, requirements-have been met, about 4
million tons are available annually; and at a conversion rate of 6 kg cassava root per liter
of ethanal, this will yield 1.8 million liters of ethanol per day. The biodiesel industry is in
its infancy in Thailand but is poised for rapid growth. Diesel consumption is currently at
50 million liters/day and is expected to rise to 85 million liters/day by 2012. The
Government plans to have an installed biodiesel production capacity of 8.5 million
liters/day by 2012 so that B10 (10% biodiesel in diesel) can meet the national diesel
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requirements. A key element of the Government's strategic plan for biodiesel is
plantation development for the vegetable oil crops to be used as feedstock palm oil and
Jatropha. Palm il is the world’s most productive vegetable oil crop, and being the
northern neighbor of the world's largest paim oil producer, Malaysia, Thailand has the
right climatic and soil conditions for large-scale palm cultivation. The Government plans
to develop palm plantations totaling 4 million sai.(0.7 million hectares), which will yield
4.8 million liters/day of biodiesel. I addition, palm plantations covering 1 million rai in
area will be developed in a neighiboring country, most likely Malaysia, and this will lead
to an additional biodiesel” production-capacity of 1.2 million liters/day. Finally, the
Government plans to culiivate more palm and Jatropha to bring biodiesel production to
2.5 million liters/day, as a‘result of which the total daily biodiesel production will be 8.5
million liters by 2012. The Government has c_fr_ééted an enabling environment for biofuels
development. The National” Biofuels Comrﬁiﬁee IS" responsible for policy direction,
strategy planning and implementation. It 1S supported by the ministries of finance,
agriculture, industry aid-energy. Financing and project development mechanisms have
been set up through Special Purpose Vehicles (SPV) and financial institutions for
successful project implementation. .By.2012-the, ethanol and_biodiesel programs will
save the national economy by $325'million and $675-million, respectively, each year.

2.3 Facts About Ethanol

Ethanol has been used by human since prehistory as the intoxicating ingredient
of alcoholic drinks. Dried residues on 9000 year old pottery found in China imply the use
of alcoholic drinks even among the Neolithic people. Its isolation as a relatively pure
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compound was first achieved by Persian alchemist, Zakarya Rzi (Rhazes), who was
renowned for his perfected methods of distillation and extraction. Other chemists who
contributed to the development of distillation techniques during the Abbasid caliphate,
other than Razi, include Jabiribn Hayyan Geber and Al-Kindi Alkindus. In 1796, Johann
Tobias Lowitz obtained pure ethanol by, filtering distilled ethanol through activated
charcoal. Antoine Lavoisier described ethanol as a.compound of carbon, hydrogen, and
oxygen, and in 1808 Nicolas-Theodores de Sausstre. determined ethanol's chemical
formula. Fifty years later, Arehibald Scott Couper-published the structural formula of
ethanol, which placed gifanel ameng the first chemical compounds to have their
chemical structure deteramined. Ettianal was first prepared synthetically in 1826 through
the independent efforts oi*Henry Hennel in Great Britain-and S.G. Serullas in France. In
1828, Michael Faraday pi€pared ethanol by acid-catalyzed - catalyzed hydration of
ethylene, a process similar {0 that which is USéd,—today for industrial ethanol synthesis .
Ethanol was used as lamp fuetir the United States as early as 1840, but a tax levied on
industrial alcohol duringthe Civii-War made this use” uneconomical. This tax was
repealed in 1906, and from 1908 onward Ford Model T automobiles could be adapted
to run on ethanol ( Diparde;J.,.2007).With“tfie advent. of Prohibition in 1920 though,
sellers of ethanol.fuel were accused-of being allied with moonshiners, and ethanol fuel
again fell inte:disuse-until late in-the, 20th century:

Ethanol is a volatile, flammable, colorless liquid that has a strong characteristic
odor. It burns with a smokeless blue flame that is not always visible in normal light. The
physical properties of ethanol stem primarily from the presence of its hydroxyl group
and the shortness of its carbon chain. Ethanol's hydroxyl group is able to participate in
hydrogen bonding, rendering it more viscous and less volatile than less polar organic
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compounds of similar molecular weight. Ethanol is a versatile solvent, miscible with
water and with many organic solvents, including acetic acid, acetone, benzene, carbon
tetrachloride, chloroform, diethyl ether, ethylene glycol, glycerol, nitromethane, pyridine,
and toluene. Itis also miscible with light aliphatic hydrocarbons, such as pentane and
hexane, and with aliphatic chlorides such as trichloroethane and tetrachloroethylene.
Ethanol's miscibility with water contrasts with‘that.of longer-chain alcohols (five or more
carbon atoms), whose water miscibility. decreases sharply as the number of carbons
increases  Mixtures of ethanel-and water that contain more than about 50% ethanol are
flammable and easily ignited. An.alcohol-stove has been developed in India which runs
on 50% ethanol/water mixture: ( Rajvanshi,‘A.K., 2007). Alcoholic proof is a widely used
measure of how much ethanal(i.€., alcohol) sucha mixture contains. In the 18th century,
proof was determined by adding liquor (su_éh as tum) to gunpowder. If the gunpowder
still just exploded, that was considered o bé-:erﬁ) degrees proof that it was good liquor,
hence it was called 100 degrees-proaf.

Ethanol's hydroxyl causes the molecule to be shighily basic, it is almost neutral
like pure water. The pH of 100% ethanol is 7.33, compared to 7.00 for pure water.
Ethanol can be quantitatively)canverted 1o its; conjugate hase, the ethoxide ion (CH,CH,
0), by reaction with an alkali metal such as sodium,

2CH,CH,OH+2Na — 2CH,CH,ONa +H,,
Or a very strong base such as sodium hydride:
CH,CH, OH + NaOH —» CH,CH,ONa + H,

This reaction is not possible in an aqueous solution, as water is more acidic, so
that hydroxide is preferred over othoxide formation.
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Under acid-catalyzed conditions, ethanol reacts with carboxylic acids to
produce ethyl esters and water:

RCOOH + HOCH,CH; —» RCOOCH,CH, + H,0

For this reaction to produce useful yields it is necessary to remove water from
the reaction mixture as it is formed. Ethanol ean also form esters with inorganic acids.
Diethyl sulfate and triethyl-phosphate, prepared-By-reacting ethanol with sulfuric and
phosphoaric acid respeciively, aie-noth useful ethylating agents in organic synthesis.
Ethyl nitrite, prepared from.ifie reaction of ethanol with-sodium nitrite and sulfuric acid,
was formerly a widely-used diurefic. Strong acid desiccants, such as sulfuric acid,
cause ethanol's dehydration toform either diethyl ether or ethylene:

2 CHZCHgoH_f} CH,CH,0CH, CH, +H,0
CH:CH,0H =% H,C=CH,+H,0

Ethanol can be oxidized to acetaldehyde, and.further oxidized to acetic acid. In
the human body, thesg oxidation reactions are catalyzed by enzymes. In the laboratory,
agueous solutions of -strong oxidizing agents, such as-chromic acid or potassium
permanganate,-axidize.-ethanokto acetic-acid,.and.it; is-difficult-to stop the reaction at
acetaldehyde atshigh yield. Ethanol can be oxidized to acetaldehyde, without over
oxidation t0;acetic-acid, "y “reacting “it| with “pyridinium chromic., chiloride The direct
oxidation‘of ethanol to acetic acid using chromic acid is shown below:

C,H:.OH +2(0) —» CH,COOH + H,0
The oxidation product of ethanol, acetic acid, is spent as nutrient by human
body, as acetyl CoA where the acetyl group is spent as energy or used as biosynthesis.



21

When exposed to chlorine, ethanol is hoth oxidized and its alpha carbon chlorinated to
form the compound, chloral.
4Cl, + C,H.OH —» CCl,+ CHO + 5HCI
Combustion of ethanol forms carbon dioxide and water:
C, HiOH(g) # 30,(g) —» 2C0,(g) + H,0(L);

Ethanol is produced both as a petroctiemical, through the hydration of ethylene,
and biologically, by fermenting-sugars with yeast. Which process is more economical is
dependent upon the prevailing niices of petroleum and of grain feed stocks. Ethanol for
use as industrial feedstoek is/Mmosi afien made from.ethianol is as a motor fuel and fuel
additive. The largest natignal Uil ethanol ingustries existin Brazil (gasoline sold in Brazil
contains at least 25% ethanol-petrochemica_l-feéd stocks, typically by the acid-catalyzed
hydration of ethylene, represented-by the chéfhiual equation below:

C;Hifg) + H,0(@)* ~» CH.CH,0H,,

Ethanol for usé in-alcoholic beverages, and the vast majority of ethanol for use
as fuel, is produced by fermentation. The process of culturing yeast under conditions to
produce alcohol.is called fermentation. Wheri-ertain species of yeast, most importantly,
Saccharomyces; cerevisiae, metabolize"sugar in the-absence of oxygen, they produce
ethanol-and carbon:dlioxide:

The chemical equation below summarizes the conversion of ethanol:

C,H,0; —» 2CH,CH,0H+ 2COQ,

Absolute or anhydrous alcohol generally refers to purified ethanol, containing no
more than one percent water. Absolute alcohol not intended for human consumption
often contains trace amounts of toxic benzene (used to remove water by azeotropic

distillation). Consumption of this form of ethanol can be fatal over a short time period.
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Generally this kind of ethanol is used as solvents for lab and industrial settings where
water will disrupt a desired reaction. Pure ethanol is classed as 200 proof in the USA,
equivalent to 175 degrees proof in the UK system.

The Brazilian production of ethanol is praised for the high carbon sequestration
capabilities of the sugar cane plantations, thus making it a real option to combat climate
change . Henry Ford designed. the first mass-produced automobile, the famed Model T
Ford, to run on pure anhydrous (ethanol).alcahet which he explained as "the fuel of the
future". Today, however, 100% pure ethanol is not-approved as a motor vehicle fuel in
the U.S. Combustion of ethanol.in’an internal combustion engine yields many of the
products of incomplete combustion that are produced by gasoline and significantly
larger amounts of formaldehyde and related 'species such as formalin, acetaldehyde,
etc. (California Air Reseurges” Board, 1989). This leads to a significantly larger
photochemical reactivity that generates much more ground level ozone. This data has
been assembled into The Clean-Fuels Report-comparison of fuel emissions and shows
that ethanol exhaust generates 2.4 times as much ozone as does gasoline exhaust.
This issue has been formalized by the California Air Resources Board in 2008 by
recognizing control standards for formaldefiydes as an emissions control group like
other conventional NOx~and Reactive ‘Organic Gases (Lowi, “A. et al., 1990, Jones,
T.T.M.2008):

World production of ethanol in 2006 was 51 gigalitres (1.3x10" US gal), with
69% of the world supply coming from Brazil and the United States. More than 20% of
the Brazilian fleet of cars on the streets use 100% ethanol as fuel, which includes
ethanol-only engines and flex-fuel engines. Flex-fuel engines in Brazil are able to work
with all ethanol, all gasoline or any mixture of both. In the US flex-fuel vehicles can run
on 0% to 85% ethanol (15% gasoline) since higher ethanol blends are not yet allowed.
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Brazil supports this population of ethanol-burning automobiles with large national

infrastructure that produces ethanol from domestically grown sugar cane. Sugar cane

not only has a greater concentration of sucrose than corn (by about 30%), but is also

much easier to extract. The bagasse generated by the process is not wasted, but is

utilized in power plants as a surprisinly, efficient fuel to produce electricity. The United

States fuel ethanol industry is based largely on.etm. The energy content of some energy

fuels compared with ethanal s shown in Jable 2.,

Table 2.1 Energy contentof some fuigls-compared with ethanol

Eneigy content of some fuels compared with ethanol.

Fuel type

Methanol

Ethanol

Liquefied natural gas

Autogas (LPG)
(60% Propane + 40% Butane)

Aviation gasoline

Gasohol
(90% gasaline + 10% ethanol)

Regular Gasoline
Premium Gasoline
Diesel

Charcoal, extruded

ML
4794

=2
253

26.8

3315

SRt

34.8

38.6
50

" [ MJlkg

199
Einl
" 55

a0.
45.8
47.1

15744.4

454
23

Research octane number
123
129

93/94

min. 91
max. 95

25
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The National Institute on Alcohol Abuse and Alcoholism maintains a database of
alcohol-related health effects. Ethanol is a central nervous system depressant and has
significant psychoactive effects in sublethal doses; for specifics, see effects of alcohol
on the body by dose. Based on its abilities to change the human consciousness, ethanol
is considered a drug. Death from ethyl, alcohol consumption is possible when blood
alcohol level reaches 0.4%. A blood level 0f+0.5%:or more is commonly fatal. Levels of
even less than 0.1% can_cause intoxication, with-tnconsciousness often occurring at
0.3-0.4%. The amount of ethanolin the body is typically quantified by blood alcohol
content (BAC), the milligrams<0i gthanol per 100 milliiters of blood. Small doses of
ethanol generally produCe <euphoria ana relaxation; . people experiencing these
symptoms tend to become talkative and less inhibited, and may exhibit poor judgment,
At higher dosages (BAC/> 100" mgjdi), éthéhol acls as a central nervous system
depressant, producing at progressively higmﬁé-r,ndosages, impaired sensory and motor
function, slowed cognition,- sitipefaction, tnconsciousness, and possible death. In
America, about half' 6f the tieaths in-car accidents ocetir in alcohol related crashes
(Hingson, R., 2003). There is no completely-safe level of alcohol for driving, the risk of a
fatal car accident rises. with*the Jevel of al¢ehol in. the.driver's. blood. However, most
drunk driving ‘lawsgoverning “the-acceptable levels in"the “blood while driving or
operating heavy, machinery, set 4ypical upper-limits<of, blood, alcohol; content (BAC)
between0.05% to 0.08%. (Hingston, R. 2003). The Table below summarizes the
symptoms of ethanol consumption.
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Table 2.2 Symptoms of ethanol consumption

Blood Alcohol Content (mg/dL)  |Symptoms®?

50 Euphoria, talkativeness, relaxation

- Central nervous system depression, impaired motor
and sensary function, impaired cognition

>140 ~ Déér_eqs_e—d—bl&)d flow 1o brain

300 ~ Stupefaction,?ossible linconsciousness

400 ) ﬁ’bésibfe déath \

>550 S e

Main article; Alcohol metabalism

Ethanol within the htumaa body is":_c‘om_verted into acetaldehyde by alcohol
dehydrogenase and then into acetic acid by acetaldehyde dehydrogenase. The product
of the first step of:this—breakdown,—acetaidenyde, IS more toxic than ethanol.
Acetaldehyde is linked fo most of the clinical effects of alcohol. It has been shown to
increase the risk of develaping cirrhosis of the liver, multiple forms of cancer, and
alcoholism. Ethanol-is alsocclassified ‘as & teratogen. ‘Ethanel is not a carcinogen.
However, the.first metaholic. product.of.ethanol,-acetaldehyde,-is toxic, mutagenic, and
carcinogenic. Also, ethanol's effect on the liver can Contribute to Immune depression.

2.4 Atmospheric Chemistry of Ethanol

The atmospheric chemistry of ethanol have already undergone extensive
reviews by (Grosjean, 1997) and has summarized few studies of the atmospheric
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chemistry of alcohols. The only significant atmospheric reaction for ethanol is with OH
radicals. Three possible initial reactions are:

C,H.OH +OH —» CH,CH,0H +H,0 (1)
— CH,CHOH + H,0 2)
—» CH,CH,0 + H,0 (3)

The major reaction. pathway of ethanol-is-Reaction 4 which involves H-atom
abstraction from the weakesiC-H.bond, The reaction pathway that involves H-atom
abstraction from the O<H hand.(Reaction 5).is negligible tnder atmospheric conditions,
and Reaction 3 is a minor pathway.. The preferred IUPAC value for the reaction with the
OH radical above is“3.2410™ cnmolecule’s™® at. 298K (Atkinson et al., 1999a).
Product studies showed that the major produg:t from the reaction of ethanol with OH
radicals is acetaldehyde with a formation yiei,d_ _c;'ff_about 80%. The other possible minor
products include formaldehyde and methyl nifréte (Grosjean, 1997). Once formed from
the atmospheric reaction of ethanol with OH radicals, acetaldehyde is rapidly consumed
by photolysis and by reaction with OH radicals. Photolysis leads to formation of CO and

formaldehyde while reaction with the-OH radical leadsito PAN byithe following process:
GH,CHO+ OHy =p-CHCOH Hy0 (4)
CH,CO + 0, —» CH,CO, (5)
CH,CO;+ NO, —» CH,C(O)OONO, (PAN) (6)

The acetyl (CH,CO,) radical also reacts with NO to form CH,CO, and NO,. In
addition, PAN decomposes back to CH,CO, and NO, in a reaction that increases at
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higher temperatures. Ambient concentrations of PAN are a function of ambient
temperature, the NO,-to-NO ratio, and the concentration of the acetyl radical precursor.

2.5 What are Oxygenates?

Oxygenates are hydro Wgain oxygen, which can not provide
energy, but their structure 1easor i-knock value, thus they are good

substitutes for aromatic also reduce the'smog-forming tendencies of the

exhaust gases.

Ethanol

Auganeningns
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Methyl tertiary butyl ether C-C-0-C  C,H,OCH,
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Oxygenates can be produced from fossil fuels e.g. methanol (MeOH), methyl
tertiary butyl ether (MTBE), tertiary amyl methyl ether (TAME), or from biomass, e.g.
ethanol(EtOH), ethyl tertiary butyl ether (ETBE)). Most oxygenates used in gasoline are
either alcohols ( Cx-O-H ) or ethers (Cx-O-Cy), and contain 1 to 6 carbons. Oxygenates
are added to gasoline to reduce the reactivity of emissions, but they are only effective if
the hydrocarbon fractions are carefully ‘modiiicd to utilize the octane and volatility
properties of the oxygenates. If the hydrocarbon fraction is not correctly modified,
oXygenates can increase the-untiesirable smog-forming and toxic emissions. The major
reduction in the reactivity” of" exhaust-and evaporative emissions will occur with
reformulated gasoline, due tobefntroduced in January 1995, in which the hydrocarbon
fraction was significantly modified, and these "gasoline are called "reformulated gasoline"
( RFGs ). Oxygenates do.notnecessarily r_édtjt:e all individual exhaust toxins, nor are
they intended to. The change (0 reformulaféd'gasoline requires oxygenates, but also
that the hydrocarbon composition must be significantly more modified than the existing
oxygenated gasoling o redtice unsaturates, volatiiity, bénzene, and the reactivity of
emissions. MTBE works by retarding the progress of the low temperature or cool-flame
reactions, consuming . radical species, particularly .OH. radicals and producing
isobutene. The jisobutene in turn“consumes ‘additional ‘OH radicals and produces
unreactivesresonantly stabilized radicals such as allylandamethyl-allylpas well as stable
species Such as allene, which resist further oxidation.

Oxygenates that are added to gasoline function in two ways. Firstly they have
high blending octane, and so can replace high octane aromatics in the fuel. These
aromatics are responsible for disproportionate amounts of CO and HC exhaust
emissions. This is called the "aromatic substitution effect’. Oxygenates also cause
engines without sophisticated engine management systems to move to the lean side of
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stoichiometry, thus reducing emissions of CO ( 2% oxygen can reduce CO by 16% )
and HC ( 2% oxygen can reduce HC by 10%)[7]. Oxygen in the fuel can not contribute
energy, consequently the fuel has less energy content. For the same efficiency and
power output, more fuel has to be bumt, and the slight improvements in combustion
efficiency that oxygenates provide on some engines usually do not completely
compensate for the oxygen. The major congern with oxygenates is no longer that they
may not be effective at reducing atmasphefic-pollution, but that their greater water
solubility, and very slow biodegradability, can result. in groundwater pollution that may
be difficult to remove.

2.6 Carbonyl Compounas

In organic chemistry, a-carbonyl group‘is a functional group composed of a
carbon atom double-bonded to'an-oxygen atom. In aldehydes, the carbonyl group is on
the "end" of a carbon chain, while in ketones; itis in the “micidle" of a carbon chain. The
double bond in the carbonyl group is very susceptible to.chemical reactions. Carbonyl
groups can be reduced, by reaction.with hydride reagents such.as NaBH, and LIAIH,, or
catalytically byqhydrogen and' a catalyst such as copper chromite, Raney nickel,
rheniun;) ratheniune-or “even “rhodium: Ketones) givessecandary<alcohols; aldehydes,
esters and carboxylic acids give primary alcohols. Carbonyls can be alkylated by
nucleophilic attack by organometallic reagents such as organolithium reagents and
Grignard reagents. Carbonyls also be alkylated by enolates as in aldol reactions.
Carbonyls are also the prototypical groups with vinylogous reactivity, e.g. the Michael
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reaction where an unsaturated carbon in conjugation with the carbonyl is alkylated

instead of the carbonyl itself.

O
L1 Sashgm!
< - ™~
R = C
™ T
I
Add ehyole: Ketone

Figure 2.2 Struetural formula of carbonyl group, aldehydes , and ketone.

2.7 Degradation Pathways of Straight Chain Hydrocarbon

Although there‘are many organic chemicals, there ar€ basically two degradation

pathways. The comman‘aspect of both degradation pathways is the addition of an -OH

function to the molecule. The,firstistep in‘the:break dowmof-organic chemicals is to add

a hydroxyl group<(-OH) to the molecule. The steps that follow the addition of the hydroxyl

depenchupon whether.the molecule is.a Straight chain hydro|carbon or an aromatic

molecule (i.e., contains a benzene ring).
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The first step in the-dlegradation of a siraighi-ehain hydrocarbon is the formation
of a hydroxyl group on_a-terminal methyl carbon. This can be considered as the
'insertion” of an oxygensatominio.a carbonfhydrogen bond. This product is called an
alcohol (because of the™-OH ) The secOnd_ step involves the loss of two hydrogen
atoms, forming an aldehyde: The M Invelves further oxidation of the terminal
carbon, this time taking it“from an aldehyde,'tcj-a carboxylic acid. Once the carboxylic
acid is formed, the molecule caft thcergo b -oxidation. In b -oxidation, the carboxylic
acid is reduced in length-by two carbon atoms forming a-new, shorter straight-chain
carboxylic acid and o carbon dioxide molecules.

2.8 Acetaldehyde

Acetaldehyde is a colorless, flammable liquid, volatile at"ambient temperature
and pressure, with an irritating odor. Acetaldehyde can be used in a wide variety of
chemical reactions, many of which are useful in commercial processes. The commercial
uses of acetaldehyde include the manufacture of acetic acid, acetic anhydride,
pyridines, peracetic acid, penteerthritol, ethyl acetate, alkylamines, lactic acid and
crotonaldehyde. Acetaldehyde is also known by a variety of synonyms which include
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acetic aldehyde, ethanol, ethyl aldehyde and methyl formaldehyde. The molecular
formula of Acetaldehyde is CH3CHO.

Acetaldehyde CH,CHO H,C,0
Hews H
|
H- C-C
VN
CHULNO

Acetaldehyde is highly riebie in the environment, and is not naturally removed
or detoxified at a rate.that-would Significantly reduce public-exposure. The International
Agency for Research-on Cancer (IARC) classified acetaldehyde as a possible human
carcinogen (2B), based on sufficient evidence in animals and inadequate evidence in
humans (International Agencyafore Researchson ([Cancer;1985). The United States
Environmental PRrotection Agency (U.S. EPA) has decided that acetaldehyde is a
"probable human careinogen™(B2). The OEHHAstaff/has concluded that at ambient
concentrations acetaldehyde may cause or contribute to an increase in mortality or
serious illness and may therefore pose a potential hazard to human health.
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2.8.1 Production of Acetaldehyde

Acetaldehyde is the product of incomplete combustion emitted from a variety of
sources. It can be formed in polluted ambient atmospheres from a variety of such
sources as stacks, tailpipe exhaust and fires, as well as formed in the atmosphere as a
result of photochemical oxidation of hydrocarbons and free radical reactions involving
hydroxyl radicals. In urban areas, emissions-are-primarily from mobile sources with
some contribution from statienary-sources. The fargest sources statewide of directly
emitted acetaldehyde-are from_combustion of fuels from mobile sources, agricultural
burning, and wildfires.” DireCt Souices are estimated. 0 contribute approximately 44
percent of the acetaldehydg inthe atmosphere. Photochemical oxidation is estimated to
contribute 56 percent of the"ambient. acetaldehyde as predicted by the Urban Airshed
model. Concentrations via photochemical oxidation can vary significantly depending on
the season, location, meteorological conditiohs,ﬂénd time of day. Mobile and stationary
sources emit reactive-grganic gases such as éthyl peroxide, and ethoxy radicals which
are precursors of photochemically generated acetaldefyde. Reductions of these
hydrocarbon precursors can be expected to reduce the contribution of acetaldehyde
from photochemical oxidation,

2.8.2 Gas Phase Chemistry of Acetaldehyde

Acetaldehyde is formed in the troposphere by the photochemical oxidation of
many types of organic compounds, including naturally occurring compounds such as
terpenes, as well as mobile and stationary sources such as propene, ethane, propane,
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ethanol, butenol, hexanol, propionaldehyde, acrolein, phenols, aromatic compounds,
ethyl containing compounds and chlorinated organic, (Grosjean D. et al., 1993, 1994).

According to their studies, the atmospheric transformation chemistry of
acetaldehyde is similar to formaldehyde. Like formaldehyde, it can be both produced
and destroyed by atmospheric chemical formation. The reaction rate of acetaldehyde
with OH is the same as formaldehyde. However, there are important differences
between these two compounds. Acetaldehyde photolysis, much more slowly than
formaldehyde. Formaldehyde produces CO upon reaction or photolysis. Acetaldehyde
upon reaction or photolysis,roduces organic radicals that ultimately form peroxyacetyl
nitrate (PAN) and formaldehyce. The oxidatiqn of acetaldehyde by OH, oxygen atoms,
and NO, radicals to form a CH,CO"that rapialy. reacts with atmospheric O, to form
peroxyacetyl radical CH,C{0)/00..This radlical.can then react with atmospheric NO and
NO,. The reaction with NO, prodices peroxyaé‘ﬂe’tyl nitrate (PAN), whereas the reaction
with  NO ultimatelys, produces formaldéhyd’e'. Thus, /'the major acetaldehyde
decomposition produets are formaldehyde and PAN both which are toxic compounds.
However, in neither “case, acetaldehyde is the dominant source of these two

compounds.

2:8.3 Health Effects Caused by Acetaldehyde

Exposure to high concentration of acetaldehyde will cause severe eye irritation,
corneal injury, and lachrymator (increases the flow of tears), delayed pulmonary edema,
and respiratory tract infection. This compound also cause skin iritation, skin

sensitization, and an allergic reaction, which becomes evident upon re-exposure to this
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compound. Inhalation of large amounts may cause respiratory stimulation, followed by
respiratory depression, convulsions and possible death due to respiratory paralysis.
When swallowed or ingested, acetaldehyde may cause central nervous system
depression, gastrointestinal irritation with nausea, dizziness, vomiting and diarrhea.
Prolonged or repeated exposure will cause skin dermatitis, erythema and burmns, while
prolonged or repeated eye contact will Cause.conjunctivitis. Long term studies of
acetaldehyde found that if caused laryngeal cancer in hamsters and nasal cancer in
rats.

Table 2.3 Carcinogenicityof acetaldenyde.

Group,A3: Confirmed animal carcinogen with

ACGIH
unknown relevance to humans.

US.EPA. Carcinogen,initial date 4/1/88
NTP Suspected carcinagen

Group 2B carcinogen

Sufficient studies for animal carcinogen,
IARC o

insufficient.ciata fordhuman

2.9 Formaldehyde

The chemical compound formaldehyde (also known by its IUPAC name
methanal, is a gas with a strong pungent smell. It is the simplest aldehyde. Its chemical
formula is HCHO, sometimes rendered as H,CO. It has a bailing point of -21°C (262 K).
Formaldehyde was discovered by the Russian chemist Aleksandr Butlerov in 1859,
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Although formaldehyde is a gas at room temperature, it is readily soluble in water, and it
is most commonly sold as a 37% solution in water called by trade names such as
formalin or formol. In water, formaldehyde polymerizes, and formalin actually contains
very little formaldehyde in the form of HCHO monomer. Usually, these solutions contain
a few percent methanol to limit the extent,of polymerization.

Formaldehyde exhibits- most of “the”general chemical properties of the
aldehydes, except that is generally more reactive-than other aldehydes. Formaldehyde
IS a potent electrophile;“anait-Can participate 1S electrophilic aromatic substitution
reactions with aromatic"Compounds, and it ¢an undergo electrophilic addition reactions
with alkenes. In the presence of pasic: catalysts, formaldehyde undergoes a Cannizaro
reaction to prouduce formi¢ aeid, and methanol. Formaldehyde is readily oxidized by
atmospheric oxygen to form formie-acid. Fermaldehyde solutions must be kept tightly
sealed to prevent this from happening in storége.ﬂ:_

Formaldehyde CH,0 HCHO
H

I
C=0

i

H

Formaldehyde reversibly polymerizes to produce its cyclic trimer, 1,3 5-trioxane
or the linear polymer polyoxymethylene. Formation of these substances makes
formaldehyde's gas behavior differ substantially from the ideal gas law, especially at
high pressure or low temperature. Production of formaldehyde resins accounts for more
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than half of formaldehyde consumption. Other formaldehyde derivatives include
diphenylmethane diisocyante, an important component in polyurethane paints and
foams, and hexamethylene tetramine, which is used in phenol-formaldehyde resins and
to make the explosive RDX. Because formaldehyde resins are used in many
construction materials, including plywaod, carpet, and spray-on insulating foams, and
because these resins slowly give off formaldehyde.over time, formaldehyde is one of the
more common indoor air_pollutants. At concentrations above 0.1 ppm in air, inhaled
formaldehyde can irritate the-eyes and mucus membranes, resulting in watery eyes,
headache, a burning sensationinhe throat, and difficulty breathing.

Large formaldehyde exposures, | for example from drinking formaldehyde
solutions, are potentially lethal /Formaldenyde is converted to formic acid in the body,
leading to a rise in blood acidity,rapid, shallew breathing, hypothermia, and coma or
death. People who have ingested formaldehyde ré_quire immediate medical attention.

2.9.1 Production. of Formaldehyde

Formaldehyde readily results from the incomplete combustion of carbon-
containing “ratenials) {tmay “oe sfaund) in“the smoke! frof ' forest.firés; in automobile
exhaust, and in cigarette smoke. In the atmosphere, formaldehyde is produced by the
action of sunlight and oxygen on atmospheric methane and other hydrocarbons. Small
amounts of formaldehyde are produced as a metabolic byproduct in most organisms,
including humans. Although formaldehyde is a gas at room temperature, it is readily
soluble in water, and it is most commonly sold as a 37% solution in water called by trade
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names such as formalin or formol. In water, formaldehyde polymerizes, and formalin
actually contains very little formaldehyde in the form of HCHO monomer. Usually, these
solutions contain a few percent methanol to limit the extent of polymerization.
Formaldehyde exhibits most of the general chemical properties of the aldehydes, except
that is generally more reactive than other aldehydes. Formaldehyde is a potent
electrophile, and it can participate Is electrophilie aromatic substitution reactions with
aromatic compounds, and. it can tndergo electrophilic. addition reactions with alkenes.
In the presence of basiC caialysis; formaldehyde undergoes a Cannizaro reaction to
prouduce formic acid andemetianol.

Industrially, formaldehyde’is produced by the. catalytic oxidation of methanol.
The most commonly catalysts are siiver metal, and a mixture of an iron oxide with
molybdenum. In the more commenly used* |ron oxide system, methanol and oxygen

react at 400°C to produce formaldenyde accordmg to the chemical equation

EH;OH+20;=HCHO + H,0
The silver-based catalyst is usually operated af a higher temperature, about
650-C. On it, two chemical-reactions simultaneously produce_formaldehyde: the one
shown above, and the dehydfogenation'reaction
CHyOH = HCHO +H,

2.9.2 Uses of Formaldehyde

Formaldehyde kills most bacteria, and so a solution of formaldehyde in water is
commonly used as a disinfectant or to preserve biological specimens. It is also used as
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a preservative in vaccinations. . A chemical used as a preservative and in bonding
agents. It is found in household products such as plywood, furniture, carpets, and some
types of foam insulation. It is also a by-product of combustion and is a strong-smelling,
colorless gas that is an eye irritant and can cause sneezing, coughing, and other health
problems. Most formaldehyde, is used .in the production of polymers and other
chemicals. When combined with phenol, urga,r.melamine, formaldehyde produces a
hard thermoset resin. These resins are gommeniy tsed in permanent adhesives, such
as those used in plywood or.carpeting. They are also foamed to make insulation, or cast
into molded products. Preduction of formaldenyde resins accounts for more than half of
formaldehyde consumption. Formaldehyde' IS @lso used to make numerous other
chemicals. Many of these"are polyfunciional alcohols such as pentaerythritol, which is
used to make paints and: explosives. -Ot'her formaldehyde derivatives include
diphenylmethane diisocyante, an-important component in polyurethane paints and
foams, and hexamethylene tetramine, which is used.in phenol-formaldehyde resins and
to make the explosive-RDX:

2.9.3 Health Effects Caused by Formaldehyde

Because formaldehydeesing are'used in many construction materials, including
plywood, carpet, and spray-on insulating foams, and because these resins slowly give
off formaldehyde over time, formaldehyde is one of the more common indoor air
pollutants. At concentrations above 0.1 ppm in air, inhaled formaldehyde can irritate the
eyes and mucus membranes, resulting in watery eyes, headache, a burning sensation in

the throat, and difficulty breathing. Large formaldehyde exposures, for example from
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drinking formaldehyde solutions, are potentially lethal. Formaldehyde is converted to
formic acid in the body, leading to a rise in blood acidity, rapid, shallow breathing,
hypothermia, and coma or death. People who have ingested formaldehyde require

immediate medical attention.

In the body, formaldehyde can' cause proteins to irreversibly bind to DNA.
Laboratory animals exposed to-large doses oiinnaled formaldehyde over their lifetimes
have developed more cancers-of the nose and thioat than are usual, as have workers in
particle-board mills. Hewever, some: studies suggest that smaller concentrations of
formaldehyde like those encountered in mast buildings have no carcinogenic effects.
IARC classified Formaldehydle Auman carcﬁl;nogen (International Agency for Research on
Cancer, 2004). 4

Table 2.4 Carcinogenicity of formaldehyde.” T

ACGIH Group Al
Studies show sufficient evidence of

carcinogenicity to,human
US.EPA Group Al
Studlies'show sufficient evidanee! of
carcinogenicity to human
IARC Group Al

Studies show sufficient evidence of

carcinogenicity to human
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2.9.4 Uptake, Metabolism, and Excretion of Formaldehyde

Formaldehyde is readily absorbed via the respiratory and gastrointestinal routes.
Dermal absorption of formaldehyde appears to be very slight. Increases in blood
concentrations of formaldehyde were not detected in rats or human beings exposed to
formaldehyde through inhalation, * because of rapid metabolism.  Absorbed
formaldehyde is metabolized- rapidly to formate,.or enters the one-carbon pool to be
incorporated into other molecules; There are two-pathways of final elimination, namely,
in exhaled air or via thekidneys:

2.10 Formation of Ozone InUrban Airby.Photochemical Oxidation

of Hydrocarbons: Captive-Air Experiments in Porto Alegre, RS

Captive air experiments have peen car_rié_d out at a downtown location in Porto
Alegre, RS, where hoth methyl-tert-butyl ether (MTBE) and-gthanol are being used as
oxygenated fuels. In their captive air experiment, ambient-air was introduced in a Teflon
chamber and exposed to_sunlight for several hours, thus allowing photochemical
reactions to take place under ‘real-world™ canditions. | Rarameters measured in six
experiments, the first of their kind to e carried outdn Brazil, included-oxides of nitrogen
(NO and “ NO,), carbon' monoxide;" carbon “dioxide; methane, non-methane
hydrocarbons, formaldehyde, acetaldehyde, ethanol, MTBE, and the photochemical
oxidants ozone and peroxyacetyl nitrate(PAN) (Grosjean, E. et al., 1999).

Photochemical conversion of NO to NO, and photochemical production of ozone
(maximum concentrations 156-348 ppb) and PAN (maximum 13.3-29.5 ppb) were

observed in all experiments, together with net (formation minus removal) photochemical
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production of formaldehyde and acetaldehyde. For each experiment, the contributions
of each pollutant to reaction with the hydroxyl radical (OH) and to the production of
ozone have been calculated. The results indicated that on the average, 10 compounds
were the most important with respect to the production of ozone (listed in order of
decreasing importance): ethylene, carbon monoxide, acetaldehyde, (m + p)-xylene,
formaldehyde, propene, 1,2, 4-trimethylbenzene; toluene, ethanol and trans-2-pentene
(Grosjean E. et al., 1999). MTBE makes: only-a-small contribution to reaction with OH
(ranked #27) and to the proeucion of ozone (ranked #30), and plays only a minor
photochemical role in the.atmosphere of Porto Alegre.

-

Table 2.5 Net productien of formaldehﬁdé"and acetaldehyde in Porto Alegre
captive air-€xperiments.

-
.

Experiment # f = 4 5 6
Formaldehyde P . 73 |
initial concentration, ppb (i) ﬁ!iﬁ 115 il 108 188 224 154
final concentration, ppb 3#6 B3I BT 66 684 319
difference, ppb (b)) 200 +268 +229 4438 +460 +225

concentration ratio, final Linitial) * 2.28 353 313 334 3.05 246
Acetaldehyde

initial concentration, ppb (a) 176 0.2 151 180 33 14.2

final concentration, ppb 29  H4 B9 0 629 422

difference, ppb (b) +233  +31 +88  +300  +36 1280

concentration ratio, final / imtial 244 4.84 291 117 201 297

In their captive air experiment, formaldehyde and acetaldehyde initially present
were rapidly removed by photolysis and by reaction with the hydroxyl radical (OH). At
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the same time, the two aldehydes were formed as oxidation products of many of the
VOC initially present. In turn, a fraction of the aldehydes thus formed were removed by
photolysis and by reaction with OH. This competition between photochemical formation
and photochemical removal may result in a net production or a net loss of formaldehyde
and acetaldehyde. Net production of formaldehyde ranged from 20 to 46 ppb, net
production of acetaldehyde ranged from 2540-3%:ppb, and concentration ratios (final /
initial) were ca. 2.3-3.3 for formaidehyde and ca.2.0-4.8 for acetaldehyde. The data
given were likely to be Towerimiis for actual net production of aldehydes, because of
two reasons. First, measuied finalconcentrations may be lower than actual values if l0ss
of aldehydes to the chamberwall become‘s"important late in the experiment (Grosjean,
D.1985, Grosjean, E. et al.,1996). This is because the volume of the Teflon chamber
decreases and the chamber surface-to-volufne"'(SN) ratio correspondingly increases as
air is withdrawn from the chamber-ior the pﬁrbose of measuring NO,, ozone and PAN:
this increase in SIV_may lead to-an increase in the.rate of loss of aldehydes to the
chamber walls. Second; the samples coliectea when levels of ozone are high may suffer
from a negative bias due {0 reaction of ozone with the DNPH derivatives of
formaldehyde and acetaldehyde. during sampling, and.thus measured values may be

lower limits for actual concentrations:

It is'of interest ta examinexthe relative contributionof the VQC'to photochemical
formation of ozone in the captive air experiments. This can be done by ranking the VOC
according to their ability to react with the hydroxyl radical (all VOC react with OH,
leading to photochemically reactive products including free radicals). VOC can also be
ranked with respect to their ability to produce ozone. To rank VOC with respect to
reaction with OH, they calculated the product of the VOC concentration and of the VOC-
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OH reaction rate constant. The result of their experiment showed that, with respect to
production of ozone, ethylene ranked #1, followed closely by carbon monoxide, followed
by, in order of decreasing importance, acetaldehyde, (m + p)-xylene, formaldehyde,
propene, 1,2,4-trimethylbenzene, toluene, ethanol, trans-2-pentene, p-ethyltoluene, o-
xylene, 2-methyl-2-butene, isobutene and, 1,3-butadiene. MTBE is ranked #30 and its
contribution to ozone production is small, €:9: ¢2..9 times less than that of acetaldehyde
and ca. 3 times less than that of ethanol. The datainTable 2.5 indicate that CO, ethylene
and acetaldehyde are the three'most important contributors to both reaction with OH and

production of ozone.

Ethanol fuel plays @ significant role; due. to- emissions of unburned ethanol
(ranked #9 for ozone “production and #14, for reaction with OH) and also due to
acetaldehyde emissions from ethanel-fueled” veh|cles (acetaldehyde ranks #3 for ozone
production and #3 for reaction Wit OH). To rank VOC with respect to 0zone formation,
they calculated the-‘product of the VOC concentratioft and the VOC maximum
incremental reactivity Coefficient (MIR= grams of 0zone formed per gram of VOC). Table
2.5 shows the Ranking of top 15 pollutants with respect to OH and ozone
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Table 2.6 Ranking of “top 15 pollutants with respect to OH and ozone
production, (average of 6 captive air experiments).

reaction with OH production of ozone

rank compound Eq. | (a) rank compound Eq. 2 (a)
1 CO 1057 1 ethylene 292
2 ethylene 292 2 CO 273
3 acetaldehyde 260 3 acetaldehyde 176
4 2-methyl-2-butene 226 4 (m + p)-xylene 150
5 propene 203 5 formaldehyde 139
(3] isobutene 200 6 propene 125
7 formaldehyde 154 ¥, 1.2 4=mimethylbenzene 83
8 trans-2-pentene 145 & toluene 73
9 2-methyl-1-buteng 142 9 ethanol 66
10 1,3-butadiene 101 10 trans-2-pentene 55
1 {m =+ p)-xyleng o9 ¥l p-ethyltoluene 53
12 cyclopentene 91 Yo o-xylene 48
13 trans-2-butene 89 13, . 2-methyl-2-butene 48
14 ethanol 86 4, isobutene 47
15 cis-2-pentene 75 15 %, 13-butadiene 37
27 MTBE 26 M= MTBE 20

2.11 Acetaldehyde~Concentration in California Alr.

Total direct outdaor.acetaldehyde emissions from mobile, stationary and area
sources as hased on'ARB's 4987/emission inventory.in Califarnia which were estimated
to be approximately 11,000-24,000 tons, per year*Mobile sourceS;which include on-
road motor" vehicles "and” ‘other” “transportation * Sources” “such as trains,
ships, farm and utility equipment, emitted approximately 3,700 to 7,800 tons of
acetaldehyde or 15to 32 percent of direct emissions (Grosjean, E. et al.,1996h).
Stationary point sources such as fuel combustion sources, refineries and coffee bean
roasters emitted approximately 820 to 1,000 tons (3 to 4 percent) of acetaldehyde.

Stationary area sources include wildfires, agricultural burning and management burning,
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and diesel combustion in internal combustion engines at oil and gas fields, etc. The staff
estimates that these stationary area sources emitted approximately 7,000 to 15,000 tons
(29 to 62 percent) of acetaldehyde.

Gasoline containing the oxygenate additives ethanol or ethyl tertiary-butyl ether
(ETBE), upon combustion, may result in increased acetaldehyde emissions. However, it
is not known to what extent ethanol or ETBE-will be used as a winter oxygenate in
California fuels and, therefore, the resulting etfect on acetaldehyde emissions. The
overall effect of the vehicular-emission standards and the gasoline specifications on
acetaldehyde concentrations s a complex issue. Future. acetaldehyde emissions will
depend on the turnoveirrale of jolder vehicles. to LEVs, the primary acetaldehyde
contributions from oxygenated additives; slich as ethanl and ethyl tertiary-butyl ether,
the decrease of ROG from the combustibn of Phase 2 reformulated gasoline, and
possible use of ethanol.

Acetaldehyde is routinely maonitored by the statewide ARB tonics monitoring
network. Basin-specific-mean annual-concentrations vaiy from a minimum of 2.93
micrograms per cubic meter in the South Central Coast Air Basin to a maximum of 5.06
micrograms per.cubic meterin the South Ceast Air, Basin. (hased on 24hour sample
averages). The overall estimated mean'statewide  exposure, weighted by population, is
estimated tode-4. 19 \micragrams-pern cubie meter - The; population-weighted exposure is
based ori 20 million people represented by the tonics monitoring network (out of the 30
million total California populations).

Studies conducted in the South Coast Air Basin since 1980 have reported data
for short-term (30 minute to 2 hour sample averages) ambient outdoor concentrations
vary from 1.8 microgram per cubic meter) to 70.2 micrograms per cubic meter, with the
most recent concentrations measured during the South Coast Air Quality Study (SCADS)
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(1987) with a range of 1.6 to 44.1 micrograms per cubic meter in one hour samples
(Grosjean, E. et al. 1997). The SCADS was an integrated air quality study whose overall
goal was to develop a comprehensive and properly archived air quality and
meteorological data base for the South Coast Air Basin which can be used to test,
evaluate, and improve elements of air quality simulation models for oxidants, NO2, PMIO,
fine particles, visibility, toxic air contaminants,.and acid species. Reports of ambient air
sampling of two rural regions, Pomnt Barrow, Alaska and Whiteface Mountain, New York
provide examples of ‘backgreuntconeenirations of 1.4 micrograms per cubic meter of
acetaldehyde.

2.12 Transportation Related Alr Toxics

In 2001, EPA issued its first Mobile So_urt_:e Air Toxics Rule which identified 21
Mobile Source Air Toxic compounds or MSATS as being-hazardous air pollutants that
required regulation. Among these compounds , five compounds were identified as
having the greatest influence on health that included: benzene, 1,3-butadiene,
formaldehyde, acetaldehyde, and acralein, J(Air Toxics-Air Quality-FHWA). These five
pollutants are referred to as priority MSAT. More recently, EPA issued a second MSAT
Rule in“February 2007whichogenerally supported the' findingsain the first rule and
provided additional recommendations of compounds having the greatest impact on
health. The rule also identified several engine emission certification standards that must
be implemented. Unlike the criteria pollutants, toxics do not have National Ambient Air
Quality Standards (NAAQS) associated with them which makes evaluation of their

impacts more subjective. Their ongoing work in air toxics includes a research program
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to determine and quantify the contribution of mobile sources to air toxic emissions, the
establishment of policies for addressing air toxics in environmental reports, and the
assessment of scientific literature on health impacts associated with motor vehicle toxic
emissions. among the gaseous hydrocarbon components of Diesel Exhaust
Organic Gases (DEOG) individually known to be of toxicologic relevance are the
aldehydes (e.g., formaldehyde, acetaldehyde; acrolein), benzene, 1,3-butadiene,
and Polycyclic Organic Matter (POM).JA numper of toxicologically relevant organic
compounds are on the Diesel-Pariiculate Maiter (DPM). The organics, in general, range
from about 20% to 40% oisthe paiticle welght, though higher and lower percentages are
also reported. The EPAS findings are similar 1o findings from other agencies. For
example, the California Alr Resources Board (CARB) has identified 10 air toxics of
concern, five of which are.emitted by on-roéd mobile Sources: benzene, 1,3-butadiene,
formaldehyde, acetaldehyde, and diesel PM"(@aIifornia Air Resources Board, 2007).
There is overlap among the substances listed in-Table 2-7. For example, POM includes
a wide range of substances; inciticing polycyclic aromaiic hydrocarbons (PAHs) and
sometimes the dioxins and furans; the diesel emissions categories include several of the
individual MSAT as well, EPA's Health Assessment Document for Diesel Exhaust stated
that compounds;present-on the particle’andin the gases are'individually known to have
mutageniccand-carcinogenic properties. Forexample; RAHS, mitre=PAHs, and oxidized
PAH derivatives are present and comprise about 1% or less of the DPM mass. (U.S.
Environmental Protection Agency, 2002).

In summary, the highest-risk air toxics from on-road vehicles have heen
identified by the EPA and others as DPM/DEQG, are: benzene, 1,3-butadiene,
formaldehyde, acetaldehyde, and acrolein.
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Table 2.7 EPA's 21 Mobile Source Air Toxics and ( Five priority MSAT )

3 , Compounds
Specific Organic . .
Containing Pollutant Categories
Compounds ,
Inorganics
Acetaldehyde Arsenic DieselParticulate Matter (DPM) + Diesel
Formaldehyde  Compounds Exhaust Organic Gases (DEOG)
Acrolein Chromitff
Benzene Compounds
1,3-Butadiene
Lead Compounds
Ethylbenzene
’ Mereury
-Rexane Compounds Polycyclic Organic Matter (POM)
Methy! tert-Butyl
Manganese
Ether (MTBE) Compotiids Polyeyclic Chlorinated Di-benzop-dioxins
Naphthalene i PCDDS) and Palycyclic Chiorinated Dibenzo-p-
Styrene Corpounds furans (PCDFs) (‘Dioxins/Furans')®
Toluene
Xylene

2.13  Quantification of Cancer Risks from Air Toxics

Although there are health risks from air toxics aside from cancer risks, health-

related conclusions regarding air toxics are often quantified only in terms of cancer risk.

Cancer is one of the leading causes of mortality in the United States: approximately one
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in every four deaths is from cancer, and approximately 40% of people in the United
States will develop an invasive cancer sometime during their lifetime (American Cancer
Society, 2002). With respect to air pollution (and many other forms of environmental
pollution), associated cancer risks are often measured in terms of "excess deaths" due
to the environmental exposure, usually per.million people. For example, a lifetime risk of
10° corresponds to 10 excess deaths pet-milion people; a lifetime risk of 10*
corresponds to 100 excess deaths pen milfien-people. The EPA's risk management
policy for stationary sources,.as identified in its 1999 Residual Risk Report to Congress
(based upon the EPA's 1989 rulemaking for benzene emissions standards), is to "[strive]
to provide maximum feasible protectionjégainst lisks to health from hazardous air
pollutants by: (1) proteciingthe" greatest number of persons possible to an individual
lifetime risk level no higher than approxim_étel'y Lin 1 million and, (2) limiting to no
higher than approximately 14n 10:thausand the estimated risk that a person living near a
plant would have. (Loh, M. et &l 2007), has stated that estimated excess cancer risks
for background air poffutioneven in remote areas of the United States are on the order
of 10°. As mentioned previously, the MATES-II'studly calculated an excess cancer risk of
1,400 per million. peaple, 96%,of which was-éttributed to mobile sources. A common
means of assessing cancer risk 1s'to multiply the ‘concentration of each carcinogenic
substance bya-UnitRisk Factor (URF)dor that-substance. The-risks, for each substance
are then‘added to arrive at a total risk. As an example of the extent to which there are
differences in opinions regarding the "correct' value for URFs.
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Table 2.8 Unit risk values of Acetaldehyde and formaldehyde given by OEHHA and

US.EPA
Pollutant OEHHA* | U.S. EPA® | Difference between
OEHHA and U.S.
EPA
Acetaldehyde 20408 | 22x10° 20%
Formaldehyde 6.0 x20° 4+ 1.3x10° | factor of approx. 2

?Data are from CaliforniaOffice-of Environmental Health Hazard Assessment,
http://www.oehha.ca.gov/isk himl, &s of November 18, 2002.
> Unless noted otherwise ata are from EPA Integrated Risk Information

It should be notedthat the cifferefices presented in Table 28, are not
necessarily representative of -ihe-uncertainties. in. these values, or the cancer risks
derived from them. OEHRA-ang-EPA-iten-fefererice-tiie-same studies when evaluating
cancer risks, and therefore the differences are a reflection only of the differences in
opinion regarding which’ URFs should beaused. Uncertainties associated with the
accuracy of the risk-calculations are-actually‘higher, as they depend upon not only these
differences, of ,opinion, -but, also.any uncertainties. associated, witt the data used to
develop the URF, or the URF approach in general.

After reviewing available studies on formaldehyde carcinogenicity, the OEHHA
staff estimates that the best value for the 95 percent upper confidence limit of cancer
risk to be 7 x 10° ppb™ [6 x 10°(ug/m?)). This corresponds to up to 7 potential excess
cancers among a million people continuously exposed to 1 ppbv formaldehyde over a
70-year lifetime. The staff of the OEHHA recommends that the unit risk for acetaldehyde
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is 4.8 x 10° per part per bilon (2.7 x 10° per microgram per cubic meter) be
considered the "best value of the upper bound of risk." This is similar to the value
calculated by the U.S. EPA to 2.2 x 10° per microgram per cubic meter. This value is
based on data from a recent hioassay in male rats. This unit risk, coupled with a lifetime
exposure to one part per billion, would. yield 4.8 excess potential cancer cases per
million people. The use of .this ‘best ‘velue'.with California's average ambient
acetaldehyde exposure concentration of fwo parts per billion volume (3.6 microgram per
cubic meter) yields 9.6 excessS-qotential cancer cases per million people exposed
throughout their lives. It canbe‘esfimated:that up to 288 acetaldehyde-induced potential
cancer cases would occur statewide among a population.of 30 million people exposed
to current ambient concentrations throughout'"their lives. The upper limit estimate of the
number of potential excess cancers. due tb_'o'Utdoor airborne acetaldehyde exposure
ranges from 2 to 54 per million-people 7erx‘p@sed throughout their lives, based on
California's present average amibient acetaldehyde.exposure concentration of 2 parts
per hillion volume (4 ficrogram per cubic meter), and an-excess cancer risk range of
0.97 x 10° to 27.0 x 107 per part per billion (0.54 x 10° fo 15 x 10° per microgram per
cubic meter). This range ‘ofisk is based.on‘data from studies in male and female rats.
Table 2-2 illustrates differences between' URFs assigned by the U.S. EPA, and those
assigned bythe-California:Office of Environmental HealthyHazard Assessment (OEHHA).

2.14 Ethanol Fuel in Brazil

Brazil is the world's second largest producer of ethanol and the world's largest
exporter, and it is considered as the world’s first sustainable biofuel economy and the
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biofuel industry leader. Together, Brazil and the United States lead the industrial world
in global ethanol production, accounting together for 70% of the world's production and
nearly 90% of ethanol used for fuel. In 2006, Brazil produced 16.3 billion liters (4.3 billion
U.S. liquid gallons), which represents 33.3% of the world's total ethanol production and

42% of the world's ethanol used as fuel., Total production is predicted to reach at least
26.4 billion liters (6.97 billion U.S. liquid galions) for 2008 (Plummer, R., 2006). Brazil's
30 years old ethanol program uses mederf equipment and cheap sugar cane as
feedstock, the residual cane-waste {bagasse) s used o process heat and power, which
results in a very compefitive” price -and also in a high energy balance (output

energy/input energy), wiich.varies from 83 for average conditions to 10.2 for best
practice production. TheBrazilian ethanol prbgram provided nearly one million jobs in
2007, and cut 1975-2002 oilimporis by a cumulative undiscounted total of US$50
billion. The production of ethanokis concenﬁéted in‘the Central and Southeast regions

of the country, which includes the main producer, Sao Paulo State. These two regions

were responsible for'atmost 90% of Brazil's ethanol production in 2004 (

There are no longer light vehicles in Brazil running on pure gasoline. Since 1976
the government' made #t mandatory t0 blend anhydrous ethanol with gasoline (E20),
fluctuating between 10% to 22% and requiring ust a minor adjustment on regular
gasolinemotors.! In 1993 the amanelatory blend' was fixed by law: at-22% anhydrous
ethanol (E22) by volume in the entire country. By the end of 2006, there were 33,000
filing stations throughout the country with at least one ethanol pump (Plummer, R.,
2006). The Brazilian car manufacturing industry developed flexible-fuel vehicles (FFV)

that can run on any proportion of gasoline (E20-E25 blend) and hydrous ethanol (E100).
Introduced in the market in 2003, the flex-fuel vehicles became a commercial success.
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On August 2008, the fleet of 'flex" cars and light commercial vehicles had reached 6.2
million new vehicles sold, which represents around 23% of Brazil's light-cuty motor
vehicle fleet. The success of 'flex" vehicles, as they are popularly known, together with
the mandatory use of E25 blend of gasoline throughout the country, have allowed
ethanol fuel consumption to achieve a 50% market share of the gasoline-powered fleet
by February 2008.

2.15  Effects of using"Oxygenaied Fuels on Formaldehyde and
Acetaldehyde” Concentration in.Denver.

The Denver metrgpoliian area is the first region in.the United States to implement
the use of oxygenated gasoline“in an eﬁdr_t {0 reduce ambient CO (Anderson et al.,
1994). The program has been mandated sihéé the beginning of 1988 when the majority
of the fuel sold contained 8% MTBE with the rest being a 10 vol% ethanol blend. Since
then, the additive used-has gradually shifted-from-iargely VTBE to largely ethanol. In
Colorado, the minimum fleet average oxygen content in the fuel sold is 3.1% by weight
oxygen content(Anderson, 6., 1997). This‘s to be achieved with at least 50% of the
market share being“ethanol blended fuels“at’ 3.7% oxygen by weight. The ethanol
blended-market-share isrunning over 90%dn:recent yearself.one assumes that all of the
fuel used is the 3.7% by weight oxygen content ethanol blended fuel, the emissions
should change by about a 13% decrease for CO, a 5% increase for NO,, an 11%
decrease for benzene, a 6% decrease for 1,3-butadiene, a 19% increase for
formaldehyde, and a 160% increase for acetaldehyde.



55

Larry G. Anderson and his group from the Department of Chemistry and Center
at Denver Environmental Sciences, Denver, has utilized ambient air carbon monoxide
concentration data assess the effectiveness of the oxygenated fuels for the reduction of
carbon monoxide emissions from vehicles operating in their area. In the Denver
metropolitan area about 80% of the CO emissions are believed to come from motor
vehicles.  Based on his analysis, suggest inat: there is a 6-10% reduction in the
atmospheric concentration 0f CO i Denver Metropolitan area that could be contributed
by the use of oxygenated Tugis: IS study: further suggest that this benefit is only 1-2%
at the downtown monitoring site-where €O Is often at its highest concentrations. He
conducted his study for 3years and observed that theré was a reduction in CO ambient
concentrations for three yeais due to ihe se of oxygenated fuels. The hydrocarbon
emission data showed no" effect from the_-_'us"e of oxygenated fuels. However, NOx
emission data showed 13-16% increase wih fhe- use of oxygenated fuels especially in
Colorado during the winter, which -may have a significant impact on the secondary
particulate nitrate conigibution to-Denver's brown cloug 1O, emissions increase this
much with the use of bxygenated fuels, there might be adverse effects on ozone
concentrations related to'the*use. of these fuels. Similar effects on NO, emissions might
occur in areas that are required to use reformulated fuels during’ summer ozone periods
as a meansafredusing azone:farmation. 4f:NOy emissions increase for these fuels by
nearly 14%, an ozone increase might occur due to the use of these fuels.

2.16 Ambient Carbonyl Compounds in China.
Ambient levels of carbonyl compounds and their possible sources, vehicular
exhaust and cooking exhaust, were studied at seven places in Guangzhou, including
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five districts (a residential area, an industrial area, a botanical garden, a downtown area
and a semi-rural area), a bus station and a restaurant during the period of June-
September 2003. Nineteen carbonyl compounds were identified in the ambient air, of
which acetone was the most abundant carbonyl, followed by formaldehyde and
acetaldehyde. Only little changes were found in carbonyl concentration levels in the five
different districts because of their dispersionanc.mixture in the atmosphere in summer.
The lower correlations befween the casbonyls™ concentrations might result from the
mixture of carbonyls derivea-from different sourees, including strong photochemical
reactions at noon in summer. Formaldehyde and acetaldehyde were the main carbonyls
in bus station, while straight:chain carbonyls were comparatively abundant in cooking
exhaust. Besides vehicular exhaust, cooking might be another major source of carbonyl
compounds in Guangzhou City, éspecially fbr high atmospheric environment (Zhang, J.
etal., 1999, Feng, Y. etal., 2003).

2.17  Atmospheric-evels of formaldehyde and acetaldehyde and their
relationship with the vehicular fleet composition in- Salvador,
Bahia; Bfazil

The transpariation’ sector(in Brazil accounts for about 21% of-the total energy
consumption. Despite the great effort to reduce the dependence on foreign oil, 85% of
energy is based on petroleum resources, 50% of which is imported. Concerns about air
quality and economic impacts have prompted policies to encourage the use of
alternative fueled vehicles. Brazilian market: dedicated vehicles operating exclusively on
natural gas, and dual-fueled vehicles which can use gasohol and natural gas, gas and
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alcohol or natural gas and diesel. The fuel is mainly used by taxis, vans and small
buses. The total number of vehicles in the city of Rio de Janeiro is 1,810,764 for the year
of 2004, distributed in 15% fueled by ethanol, 76% by gasohol, 4% by diesel and 5% by
CNG (de Andrade, M.V. et al., 1998).

In the past decade a substantial:amount of information on surface atmospheric
levels of formaldehyde and acetaldehyde has been generated. However, most of the
knowledge about formaldehyee-and, principally; of-acetaldehyde in the atmosphere
comes from measurements<n Cotintiies where the vehicular fleet is fueled with gasoline
and diesel. In this waygsinformation,of aldiehyde levels, emitted in countries, as is the
case in Brazil, where ethanolds tsed as a fuel_and also added to gasoline, as an octane
booster (gasohol, gasoline with 18% to 22% _v/v ethyl alcohol) are needed.

Data taken at both Rio de Janeirofanq Albuquerque (Tanner, et al. 1938),
indicated that the larger peroxyaeyi nirate, per(i)Zyproprionyl nitrate (PPN), is apparently
produced in higher levels when ethanol or methy]—t—butyl etfier used as oxygenates. PPN
has been found to be more toxic than PAN. It is a storage-medium for NO2 and will lead
to the formation of PAN, peroxides, and aldehydes upon thermal decomposition, i.e.,
asian air mass”is transported \downwind. Peroxides produced from these aldehyde
emissions can cause increased oxidation of sulfur dioxide toesulfate resulting in
decreased visibility:ancincreased acidic deposition:. Regional ozong levels may also be
affected by changes in these emissions downwind of the urban center.
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2.18 Air Pollution in Ss0 Paulo and Santiago de Chile: Sources
and Impacts

Urban air pollution is a serious issue for millions in Latin America. Szo Paulo,
Santiago de Chile, Mexico City and many other large urban conglomerates. Fast
industrialization, large population growth; emissions from the transportation sectors and
many other issues are the cause for the air piiufion in these mega cities. Sa0 Paulo,
with 17 million people, 5:5-miflion vehicles and-sirong industry suffers from severe
particulate matter and ozeng.-exposure. Santiago-de. Chile with very unfavorable
dispersion characteristies alse hias prabiems with PM10:and ozone. Health effects in
these areas are a public healif oncern, In Sao Paulo;alone, about 30,000 excess
deaths are attributable to‘air pollution issues, -There are also critical institutional issues in
the Sz0 Paulo metropolitan area, which hagj 39 municipalities, as well as three other
metropolitan areas within a 100k radius. In Séntiago de Chile, a dry climate makes
resuspended soil dust animportant PM10 cdhﬁ’p"dnent, and.vehicle emissions produces
high concentration of secondary organic aerosols. Old diesel buses make black carbon
concentrations very high in Santiago. An extensive @erosol source apportionment
studies for several jyears;~usingoPIXE, as- traces element -analysis technique and
multivariate statistical analysis to separate and quantify aerosol sources in Santiago and
Sao Paulolias done.~Results from 5years: studies ‘in beth Santiage and Sao Paulo
indicated' that vehicles and soil dust dominates the picture, with a strong Sulfate
component in Santiago de Chile.
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2.19 Measurement of Air Toxics in Thailand

Due to increase in prices of fossil fuel the government of Thailand introduced a
policy to use alternative fuels. In the beginning of 2004 the use of gasohol has been
slowly increasing, until 2007 the sale of gasohol significantly increased. At present,
gasohol is widely used especially for cars and motorcycles.

The Pollution Control Department (PCD)-conducted a project to  measure Air
Toxics in Bangkok during-2006:0.2008 which focused on: (1) BTEX compounds such as
benzene, toluene, ethylbenzene, Xxylene; .and 13 butadiene; (2) carbonyl compounds
such as formaldehyde, agetaldehyde, acrolein acetone and propionaldehyde. The
objective of their project was 0 monitor the emission of air pollutants from cars and
motorcycles that use gasoholas fuet: They:eonducted their measurements directly in
the exhaust pipes of the cars and motorcyclés éi’Udied. In addition PCD also conducted
a measurement of toxic air pollutants in ambiéhi aif &3, sifes in Bangkok by collecting
air samples using DNPH active samplers every 6 days for a period of 12 months during
2006. From their studies, it was found that the emission of toxic air pollutants from cars
using gasohol«compared ‘o gasoline"fuelled"cars: indicated “that carbon monoxide,
benzene and 1,3'butadiene had decreased, 14.97%, 12.86% and 55.71% respectively
as seefvin/Table 2.9 Hydrocarhons, NOx, carbon dioxide, ethyloenzene, xylene,
toluene, formaldehyde, and acetaldehyde increased to 5.73%, 12.20%, 3.93%,
122.34%, 177.07%, 6.20%, 20.72%, and 127.275 respectively as seen in Table 2.10.
The result of their tests also indicated that the emission of toxic air pollutants from
motorcycles using gasohol compared to gasoline fuelled motorcycles that
hydrocarbons, carbon monoxide, 1,3 butadiene, ethylbenzene, formaldehyde and
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acetaldehyde decreased, 5.56%, 10.52%, 15.52%, 30.69%, 34.20%, and 2.59%
respectively. The concentration of benzene, NOx, carbon dioxide, xylene and toluene
increased to 21.78%, 17.39%, 5.56%, 587.90% and 21.19% respectively. The result of
their study emphasize that concentration level of hydrocarbon and carbon monoxide
decreased in motorcycles using gasohol as seen in Table 2.11while the concentration of
formaldehyde and acetaldehyde also decreased.in motorcycles using gasohol as seen
in Table 2.12. It also further indicated.that motorcycles are suitable to use gasoline
because it emits lesser concentraiion of toxic air poliutants as see in Table 2.13.

:

=t

Table 2.9 Emission of coventional air?gdflutants from cars using gasohol

E{ij_iséion changes from cars using gasohol

Air Toxic Pollutants = ! .
Syt ~ & compared to gasoline

Hydrocarbon o) A 5.73%
Carbon Monowwm
Oxide ofNitrogerf)(NBx) i 12.20%

Carbon 005 P an 0 1hn S 011 S5

Source: Measurentent of Toxic air Pollutants front gasohol fuelled cars. Executive
Summasy, Pollutien Control Department; April 2008:
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Table 2.10 Emission of toxic air pollutants from cars using gasohol in Thailand

o Emission changes from cars using gasohol
Air Toxic Pollutants ,
compared to gasoline

Benzene -12.86%

1,3 Butadiene -55.71%
Ethylbenzene /é:t‘; 122.34%
Xylene — J w— 177.07%

_— -

Toluene /// k - 6.20%
Formaldehyde /) 20.72%
Acetaldehyde 127.27%

Source: Measurement oiToxic air Poliutants from gasohol fuelled cars. Executive
Summary, Pollution Coniral Department, April 2008

Table 2.11 EmisSion of conventional air pollutants from.motorcycles using
gasohol

Emission changes from motorcycles using
gasohol compared to gasoline

Air-Toxic IPollutants

Hydrocarbon -5.56%
Carbon Monoxide (CO) -10.52%
Oxide of Nitrogen (NOx) 17.39%
Carbon Dioxide  (CO2) 5.56%

Source: Measurement of Toxic air Pollutants from gasohol fuelled cars.
Executive Summary, Pollution Control Department, April 2008.




Table 2.12 Emission of toxic air pollutants from motorcycles using gasohol in
Thailand
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Air Toxic Pollutants

Emission changes from motorcycles using gasohol
compared to gasoline

Benzene

1,3 Butadiene
Ethylbenzene
Xylene
Toluene
Formaldehyde
Acetaldehyde

21.78%
15.52%
30.69%
587.90%
L 2L19%
-34.20%

2.50%

2

- "
< S—

Source: Measuremeni‘of Toxic-air Pollutants from gasohol fuelled cars. Executive

Summary, Pollution Contrel Department, April 2008

Table 2.13 Emission of toxic air pollutants from motercyCles using gasoline in
Thailand

Air Toxic Pollutants

Emission changes from motorcycles using gasoline

Benzene

1,3 Butadiene
Ethyloenzene
Xylene '
Toluene
Formaldehyde
Acetaldehyde

29.35%
21355
18.719%
11.16%"
20.75%
12.90%
30.96%

Source: Measurement of Toxic air Pollutants from gasohol fuelled cars. Executive

Summary, Pollution Control Department, April 2008.
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2.20 Catalytic Converters

In the early history of emission control, hydrocarbons and carbon monoxide
were reduces by a variety of engine modifications designed to improve combustion. The
catalytic converters are after-devices that reduce emissions by combusting exhaust
gases after they leave the combustion chamber. They are mounted before the muffler
close to the engine manifold.

The term catalyst means helperaln this-case it helps oxygen (O,) to combine
with carbon monoxide (COj-ana”unburned hydrocarbons (HC) to produce carbon
dioxide (CO,) and water (H,0); /Although the catalytic materials participate in
combustion reactions, hey do /ot undérgo chemical conversion. In catalyzing
combustion, the catalytic.converier acts as incinerator, However, this incineration occurs
at much lower temperatures (350-400.C) thaf s required for a thermal incineration (700-
750C) and consequently does not require supplemental energy source for efficient
combustion. As combustion takes place. in the converter, temperature may rise to over
500 C (Godish, T. 1994

Two basic geametric configurations have been used in catalyst, namely the
monolith design. and the pellet. design,, Both. designs. use platinum, palladium and
rhodium as catalytic materials. They'may be used individually or'in a platinum-palladium
blend. Although-these are-more expensive than-other catalytic-converters, they have the
advantage of not being affected by sulphur components in the gasoline. Due to its
catalytic efficiency, less of these metals is required per vehicle.

The monolithic design catalytic converter, consists of a cylinder, 3-6 inches in
diameter, which has an internal ceramic honeycomb structure as shown in Figure 2.3

whose surface is coated with the highly catalytic material.
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The pellet design catalytic converter, consist of small pellets impregnated with
catalytic material as shown in Figure 2.4. In both designs, there are thousands of
passages which allow the exhaust gases to flow freely through the converter with
relatively low back pressure. The high surface area allows the catalytic materials to
come into direct contact with exhaust gases, oxidizing them to CO, and water vapor.

In addition to the converter itself, such-System also utilize a quick heat intake
manifold, electronic ignition, an-air pump: Catalytic Converters are least effective during
cold start and engine warm up:A+ich air-fuel mixture must be used during cold starts to
compensate for the low_ volatifity<of Cold fuel. This rich fuel mixture is not completely
combusted and high emission of HC and CO.in the exhaust pipes. In the quick heat
intake system, air is drawn over the exhaust manifold where it is warmed to simulate
summer ambient temperatdres. The heating of the intake air improves fuel vaporization.
The higher volatility of the fuel aliows for Ieéhér»‘air-fuel engine operation and a shorter
choking period during warmup:

The typical attomobile exhaust gas catalyst 1s-a (5:1) mix of platinum or
palladium with rhodium, supported on an Al203 layer that is deposited on a ceramic
base (de Nevers, N, 2000). Fhe three way. catalyst promotesthe following reaction;

NO oo e Platinum-Palladium-khodium catalysts N, £60, +H,0

In the chemical and petroleum industries, the catalyst used is often prepared in
the form of pellets slightly larger than an aspirin tablet.  The most common catalyst is
the honeycomb structure over a bed of pellets which is advantageous because it has a
low pressure drop which force gases through it.
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Since ethanol contains oxygen it can form corrosive agents especially to metals
inside the catalytic converters. Although this process takes a significant amount of time
before damage occurs, it is very important to closely inspect this device in order to
avoid emission of toxic pollutants into the atmosphere especially formaldehyde and

acetaldehyde.
Ceramic Substrat
/N m
> 0 = HC >

\ e
) .
¥

Figure 2.3 Catalytic Converter V--‘Mgnolithic Design

Catalytic Pellets

Figure 2.4 Catalytic Converter Pellet Design



CHAPTER Il
RESEARCH METHODOLOGY

3.1 Detalils of the Area of Study
1/,
The area of study is- _Qangkok urban{iﬁj_bis city was chosen for this study

because most of the gasoholrefueling Stations are located in Bangkok and the traffic
density in this area is hi @

{ny other cities in-Thatland. The city s the 68th largest
region in Thailand co :
which causes proble rotechog o,t the city. against floods during monsoon

season. Bangkok was 'Venice tﬂ‘the East due to the number of canals and

______

growing in the secondhhalf fthe 20th century to Iargientj the plan was abandoned
and adn‘ferentd|V|S|0Kfeograph|ca| location of the Bangkm% 513 45'N, 100 31'E.

T

Bangkok has 50 districts each with a-distinct specific difference in governance
which all are under the 'eontrol and authority ‘of the Bangkok Metropolitan Administration.
The city's mainbusiness distriets-and residentiahareas,atecever-exnanding. The city has
a registeted 1000 skyscrapers and ranks 5th as the worlds tallest city. Areas such as
Silom-Sathon and Asok have for decades been Thailand's business center. Bangkok's
Phra Nakhon district has most governmental agencies and ministry head offices as well
as the most famous tourist attractions due to the age of this particular area. This area is
declared as a no-skyscraper designated zone to preserve some historic buildings as old
as Thailand itself
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Bangkok's population officially recorded on December 31, 1999 stood at
5,662,499, which is about 10% of the country's total population. In the year 2000 there
were 6,355,144 registered residents here according to census which increased to
6,642,566 during the 2005 census, and the latest census was done on July 2007 which
reported approximately 8,160,522 registered residents in Bangkok, due to large
unregistered influxes of migrants from the Nerif East of Thailand and of many nations
across Asia, the population of greater Bangkak s eStimated at nearly 15 million people.
The half of population of Bangkokdas Chinese ancestry in some way. The huge influx of
immigrants, expatriates have coniriputed to make a Bangkok's population a vibrant one.
Since Thai people, are well knownfor their ffiendly behavior and warmth hospitality. It is
not likely that, Bangkok isone/of the most often visited cities in Southeast Asia.

Several elevated  highways, newly-rebuilt intersections, and many partially
finished roads and rail projects were constfuctﬂé_d around greater Bangkok, but have
done little to overcome the heavy traffic jams on Bangkok's roads as private vehicle
usage continues to outstrip infrastructure development.

Bangkak.also, includes .many shopping.and, business roads like the Sukhumvit
Road which includes high rise business buildings, apartments, and shopping malls,
Sukhumvit Read isawhere many. fareigners like to come shapping.<A regular bus service
is provided by the Bangkok Mass Transit Authority (BMTA) and it operates throughout
Bangkok as well as to adjoining provinces around the clock on certain routes. Public
buses are plentiful and cheap, as wil as air-conditioned buses that goes everywhere
within Bangkok. An elevated two-line Skytrain (officially called BTS) metro system is now
in operation to the busy areas in Bangkok, likewise the MRT subway system is also open
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for use since 2004. It connects to the BTS system at BTS stations Mo Chit, Asoke, and
Sala Daeng. Peak hours are between 6:30 am to 9:30 am and 4:30pm to 8:00 at night on
weekdays, with a general state of traffic on Monday morning and Friday night.

3.1.1 The Geography and Meiecielogy of Bangkok

Bangkok is borderga-by Samut Sakhon and- Samut Prakan in the south, Nakhon
Pathom to the west, Nenthabtiri; Pathum Thani and Nakhon Nayok in the north, and
Chachoengsao to the €ast and.has a4.4 knmlong coastline.

Bangkok has a trapical monsaon clih_wéte uncler the Ksppen climate classification
system. Absolute maximum temperature |s408 °C (105.4 °F) and absolute minimum
temperature is 9.9 °C (49.8 <F). Bangkok's temperatures range from 77 degrees F at the
height of winter to about 100 degrees F (25-"35"1'1egrees C)-in summer March to June.
Bangkok is said to have the highest average temperature of any city in the world. These
temperatures go even worse even with the relative humidity at its lowest from November
to February in the gold.season.at,60% and.especially at,its-highest at over 80% during
the summer's rainy season. Rainy season begin in mid June and continue through to
October.
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Table 3.1 Mean Temperature, Rainfall, and Prevalent wind direction in Bangkok.

DonMuang Airport 2007

Jan | Feb |Mar |Apr [May |Jun |Jul JAug |Sep |Oct |Nov | Dec
Mean Temperature
(«C) * 218 289 311 313 302 306 2096 294 2093 286 215 287
Rainfall (mm) 08 15 458 159 l2I9&'; J 259 255 107 286 12 23 0
Bangkok Metropolis 2007
Mean Temperature — ’f -
(«C) * 84 291 -24.5‘—'-'41:9 B3 06299 207 205 200 281 294
Rainfall (mm) 29 0 7 { 47 262 26 176 0
Prevailing wind S S - m / 3 W ww N N N
DonMuang Airport ' 2008

& VA M
9.8 26 291 . 288 290 285 286

Mean Temperature .
(«C) * 214 210 429

UFCERAQ1 122 186 283 287

. RPNl A

Rainfall (mm) 5 16.7

Bangkok Metropolis -, 2008

Mean Temperature 5“.‘

(«C) * 218 29. 6‘”"’5'0 3’ 293 23"3" 287 291 285 286
Rainfall (mm) 62.1 {%‘EE%—M—EL 1172 3% 399
Prevailing wind S W= W N

* Mean Temperature is the average of dally maximum and daily minimum
Source: Thai Meteorological:Department. 2008

3.1.2 Photochemical Smeg Pollution in the Bangkokin Relation to O,
precursor Concentrations and Metearelogicab ‘Conditions

Analysis of photochemical pollution was done by B-N Zang et al in 2002, using

the available 5-yr monitoring data (1996-2000) from 11 monitoring stations in Bangkok

and 5 stations in other surrounding provinces, i.e. the Bangkok Metropolitan Region

(BMR). Status and trend of O, as well as the monthly and diurnal variations in relation to

the local meteorological conditions and regional transport of pollutants associated with
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the monsoon. The O, in Bangkok was found to be typical for the polluted urban areas
with a lower concentration in the city center, especially at curbside stations, and higher
concentration at the downwind locations. O, pollution was highest in 1997 with the
maximum hourly average of 370 ppbv and the total hours exceeding the national hourly
0, standard (100 ppbv) of 314 h, which is, most likely related to the strong El Niro and
the forest fire in Southeast Asia during that year. Meteorology-unadjusted trend showed
slight increase in O, from 1998 to 2000..The study, Concluded that local emission and
photochemistry are mainly.-responsible - for O, episodes in the BMR. Seasonal
fluctuations of O,, were_fotnd to' relate to the regional transport associated with the
Asian monsoon. Highesi<O,pollution was found in. the period from January to April
(winter and local summe) and lowest-cluring 'mid-rainy season, August. Based on their
study the O, increase isopleth diagram shdwed that O, production in BMR is effective
when the NO,/NMHC ratio was/jn-the range of 0:04 to 0.15 with optimum ratio at around
0.07. Seasonal variations_in NO/NMHC ratios-are.consistent with the O, variations,
optimum in summer: (€:07); foliowea by winter (0:05); and the lowest in rainy season
(0.03).

3.1.2 " Ambient Air Quality Standards'in-Thailand

Theyfirst-act-for the-control-and:conservation, of nationahenvironmental quality in
Thailand“was the Enhancement and Conservation of National Environmental Quality Act
of 1975 which established the Office of the National Environment Board. The Act of
1975 was repealed and the Enhancement and Conservation of National Environmental
Quality Act of 1992 which was promulgated and published in the Royal Gazette in 1992
and hecame effective on the same year. In 1995, the Pollution Control Department
revised the 1981 primary ambient air quality standards, under Section 32 of the
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Enhancement and Conservation of National Environmental Quality Act of 1992. The
revised standards were gave importance on the latest information on human health
impact of key pollutants such as carbon monoxide, nitrogen dioxide, sulphur dioxide,
total suspended particulates, particulate matter, lead, and ozone within the constraints
of specific environmental, socio-econamic, and technological conditions that exist in
Thailand. Table 3.2 shows the current NationalPrimary Ambient Air Quality Standards
(NPAAQS). Recently, the Pallution Control Department launched a new Volatile Organic
Compounds (VOCs) Ambieni-Alr-Quality Standards for Thailand. Table 3.3 shows the
Volatile Organic Compounds (YOCs) Ambient Air Quality Standards for Thailand.
Table 3.2. Ambient Air Quality Standards for Thailand

Ambient Air Quality Standards for Thailand

Pollutants Time Standards

A 1hrif, ot exceed 30 ppm (34.2 mg/m
Carbon Monoxide (CO) Wi :JN ppm - (34.2 mg/m-)

73 0 hr Not exceed 9ppm (10.26 mg/m:)
Nitrogen Dioxide  (NO2) 1hr Not exceed’ 0,17 ppm (0.32mg/m:)
e Lhr | Notexcesd"0.10 ppm (0.20mg/m:)

Ozone (03) |
- 8 hr Not exceed 0.07 ppm (0.14mg/m:)

(
(
1hr Not-exceed<0.3ppm  (780ug/m:)
Sulfur Dioxide (S02) 24hr | Notexceed 0.12 ppm (0.30mg/me)
1 years ~Notiexeeeds 0.04ppm (0.10mg/m3)
Lead (Pb) 1 month | Notexceed 1.5ug/m:

24hr | Not exceed 0.12 mg/ms

Lyear | Notexceed 0.05mg/m:

24hr | Not exceed 0.33 mg/m:

Lyear | Notexceed 0.10 mg/m:

Particulate Matter (<10u) (PM-10)

Particulate Matter (<100p)

Source: Pollution Control Department, 2008



Table 3.3 Volatile Organic Compounds (VOCs) Ambient Air Quality Standards for

Thailand, 2008

12

Volatile Organic Compounds (VOCs) Ambient Air Standards for Thailand

1,3- Butadiene

Pollutants Standards

1 | Benzene Not exceed 1.7 ug/ms
2 | Vinyl Chloride Not exceed 10 ug/me
3 | 1,2- Dichloroethane Notexceed 0.4 ug/m:
4 | Trichloroethylene Notexceed 23 ug/m:
5 | Dichloromethane Notexceed 22 ug/m:
6 | 1,2- Dichloropropane Not exceed 4 ug/me

7 | Tetrachloroethylene Not exceed 200 ug/m:
8 | Chloroform Notexceed 0.43 ug/m:
9

4 iNot exceed 0.33 ug/ms

Source: Pollution Control Departraent, 2008

3.2 Method Validation

This study followed the United States Environmental Protection Agency (U.S.
E.P.A) Method O «11A~ Determination: of sFormaldehyde=in Ambient Air Using
Adsorbent Cartridge Followed by High Performance Liquid Chromatography (HPLC)
(Active | Sampling-Methadology) as guideline.| There’ were 15 carbionyl compounds
measured, namely: formaldehyde, acetaldehyde, acetone, acrolein, crotonaldehyde
propionaldehyde, butyraldehyde, benzaldehyde, Isovaleraldehyde, Valeraldehyde, o-
toualdehyde,  m-tolualdehyde,

p-Tolualdehyde, Hexanaldehyde, and 25

Dimethyloenzaldehyde. Table 3.4 shows names, molecular formula, constituent
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element, and molecular formula of the 15 carbonyl compounds studied. Figure 3.1

shows the chromatogram of the 15 carbonyl compounds.

A0000

TO11/IP-64A
{(Fxampic of CGalibration Standard)
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|
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|
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¥ =25

resfesmdicer firmees, e

Figure 3.1 Chromatogram 15 carbenyl compounds

Table 3.4. Fifteen caronyl compounds with their respective molecular formula, and

molecular weight.
, Molecular

Molecular constituent element .
Carbonyl compaounds Weight

Formula

H C Q

Formaldehyde H,CO 2 1 1 30.03
Acetaldehyde H,C,0 4 2 1 44.05
Acetone H:C,0 6 3 1 58.08
Acrorein H,C,0 4 3 1 56.06
Propionaldehyde H.C,0 6 3 1 58.08
Crotonaldehyde H.C,0 6 4 1 70.09
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Butylaldehyde H,C,0 8 4 1 [7210
Benzaldehyde H.C,0 6 7 1 106.12
Isovaleraldehyde H,,C:0 10 5 1 86.13
Valeraldehyde H,,C:0 10 5 1 86.13
0-Tolualdehyde HC,0 8 8 1 120.14
m-Tolualdehyde HC,0 8 8 1 120.14
p-Tolualdehyde H:C,0 8 8 1 120.14
Hexaldehyde HyyC0 12 6 1 100.16
2,5-Dimethylbenzaldehyde FC0 10 9 1 134.17

3.2.1 Principle’of Sampling by;u'si_ng DNPH Cartridge

Air is drawn through.a cartridge wh!ich coniains 2,4 Dinitrophenylnydrazine (2,4-

DNPH) coated silica packed in a polyethylehe tube. Aldehydes react with the acidified

2,4-DNPH to form the corresponing hydraZehéé derivative according to the reaction

shown in Figure 3.2 After éxposure the cartidge afeeluied with acetonitile, and the

sample extract is analyzed by HPLC equipped with a UV-detector. The detection and

quantification is carried-out at 360 nm.

0
0 -
O N—LO D INNHL |+ RCHH e
NO,
o,N N—N=CH—R + H_O
NO

Figure 3.2 Reaction scheme of aldehydes with DNPH.
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3.2.2 Passive Sampling for Carbonyl Compounds

Passive sampling is the collection of airborne gases and vapors at a rate
controlled by physical process such as diffusion (without the use of pumps). Passive
(diffusive) sampling rely on the movement of contaminant molecules across a
concentration gradient, such as molecules diffuse from an area of high concentration in
air to an area of low concentration on the‘sampler Although most studies of ambient
VOCs particularly carbonyl compounds have been performed with active samplers that
requires a power suppliea i air- pump to collect a precise volume of air in a given
period of time, it is diffietlt to'Survey many. points simultaneously because it requires the
use of electricity. Passive samplers can bé used where electricity is not available and
because it is small and“silent it is very useful for meastring personal exposures and
analyzing both indoor and outcoor. air. In addition, passive samplers can be produced
inexpensively and used to investigate mahy"ﬂ"éampling points and locate emission
sources in a particular area. However, applicatibh of passive samplers for collection of
carbonyl compounds<have been limited to carbonyls at relatively high concentration
such as formaldehyde, acetaldehyde, because the sampling rate of passive sampler is
approximately /20 thai’ of ‘an ‘active sampler (Lewis et al;; 1986c, Mulik et al., 1989,
Sakai et al., 2004). The passive samplers provide time-integrated. concentrations with
continuous time caverage, with the averaging time- determined by the period they are
exposed to ambient air, which can be hourly, daily, weekly, monthly, etc.

Under this study, the researcher used the DSD-DNPH passive cartridge sampler
by SUPELCO Company, for collecting ambient air in Bangkok, because it allows
collection and analysis of carbonyls without transfer of the adsorbent, which minimizes
the risk of contamination .Due to its high-purity adsorbent provides collection of ppb
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levels of a wide range of carbonyls in a convenient, easy-to-use configuration. The DSD-
DNPH diffusive sampler was introduced first in Japan and was an integral device for
monitoring carbonyls in air.

The DSD-DNPH sampler is comprised of a porous polyethylene tube, which acts
| a small polypropylene syringe used for

cause the diffusive membrane is
round, it permits exposure from-all-sides, making-It unique compared to other diffusive

azine (DNPH) acts as the
e collection to the syringe end

as the diffusive membrane, to which i

the elution of the analytes

samplers. Silica gel coated.
adsorbent and move
for sample extraction, 40y inve es and ketones diffuse through

the membrane reacting W atives. The DNPH-derivatives are

Figure 3.3. DSD-DNPH passive cartridge
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Figure 3.5. Sampling by DNPH passive sampler

Passive cartridge
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"
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3.2.3 Sampling Procedures by DNPH passive sampler

Under this study the researcher used the DSD-DNPH passive sampler cartridge
commercially available in Thailand for collecting ambient air for analysis of carbonyl
compounds. The manufacturer of this passive sampler is SUPELCO company. The
sampling procedure is shown in Figure 3.6 below.

Ogenfj(éssive c%rtridge sampler
&
Mount the passivé saffplef o the passive older with shelter

Eﬁir ,géfnplé}'gr 24 hours

Figure 3.6 Sampling Procedures;for carbonf[é@mpounds using DNPH passive sampler

3.2.4 Extraction procedures for passive samples

The extraction procedures for passive air samples applied the method
recommended" by ‘the*manufacturer (" SUPELCO*company for DSD-DNPH passive
sampler), ..The-procedure-was easy andsless-time consuming.-However, extra care
should be applied in order to avoid contamination during the exiraction process. The
solvent used was HPLC grade acetonitrile produced by WAKO company, Japan. The
extraction procedures is shown in Figure 3.7.
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Open the passive sampler

U

Pour the 2.4 DNPH coated silica gel into a 10 ml test tube

4

Add 2 ml r—@ya rade acetonitrile

N

MIlrx well-by. \ortex mixer

!

| Céﬂtrifugefor 10 minutes

Q‘é f ﬁxtraCt Wlﬁ'l a0.22 micron pore size nylon filter.

Pour t [ exgract mto‘aﬂ@mber colored PTFE screwed vial

=]

“-Siore lruﬁ’edzer until analysis
L

Figure 3.7 Extraction procedures for DNPH ’bassive sampler

3.2.5%Active 'Sampling for. Carhanyl Compounds

Active sampling involves the collection of air to be analyzed through a sampling
tube or probe using a pump. The compounds of interest accumulate on the sorbent
material in the tube and are returned to the laboratory for analysis, giving a result as
“mass per tube”. The volume of air passed through the sorbent or collection device is
also accurately determined (i.e. cubic meters). The active sampling technique is
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suitable for sampling carbonyl compounds because a large volume of ambient air can
be precisely collected by using a pump, which in turn makes sufficient amount of target
substances available for accurate quantitative analysis. However, active sampling
especially for long term exposure is often impossible because of limited lifetime of

battery, noise, weight of pumps, a

ambient VOCs particularly C@.

samplers that requires a and;po

rpt|on capacity of cartridge. Most studies of
have been performed with active
AIthough active sampling have
the advantage to collec 1ven period of time, it makes it
difficult to survey many It requires the use of electricity.
Artifact problems may i lers for collection of carbonyl

compounds in atmosphe

Figure 3.8 DNPH active cartridge
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Ozone
scr ubber ‘

DNPH
Active
cartridoe

EJ iWEJ’]ﬂ
ama\m IR ' Ela

Plug Air Inlet

Air Inlet

Figure 3.10 Schematic diagram of active sampling
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3.2.6 Sampling Procedures for Carbonyl Compounds by using DNPH
active sampler.

Under this study the researcher used the Wako active sampler cartridge

lecting ambient air for analysis of carbonyl
‘ ler is Wako company in Japan. The

commercially available in Thailand for

compounds. The manufacturer.o
sampling procedure is shown in-Fig

// /ﬂf fvec

IIM !.A\‘\

Figure 3.11 Sampling procedures for carbonyl compounds by DNPH active
sampler
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3.2.7 Extraction procedures for DNPH active sampler

The extraction procedures for passive air samples applied the method
recommended by the manufacturer ( SUPELCO company for DSD-DNPH passive
sampler) . The procedure was easy and less time consuming. However, extra care

should be applied in order to av,g\isgv ination during the extraction process. The
solvent used was HPLC:grade ac to&aﬂuced by WAKO company, Japan.
e — e m—

The extraction procedUres s shown if Figm
> j; T

Ill@l

‘‘‘‘‘‘‘

Figure 3.12 Extraction Procedures for DNPH active sampler
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3.2.8 DNPH Cartridge Selection

There are various manufacturers of DNPH cartridge. Some DNPH cartridge
contain a certain concentration of carbonyl compounds. It is therefore very important to
select the best cartridge used for sampling by measuring the concentration of carbonyl
compounds in cartridge supplied by, different manufacturers. In this study, the
researcher purchased DNPH active cartridge irom 4 manufacturers namely: SUPELCO
company, WAKO company, Waters company, and G.L. Science company. Three active
cartridges were analyzed frem.each: manufacturer. The concentrations of carbonyl
compounds measured were eompared. The cartridge from WAKO company had the
lowest concentration of garbenyl compounds. The comparison of the results is shown
Table 3.5.

Table 3.5 Result of blanktest using DNPH active cartridges from 4 manufacturers

ALDEHYDE (ug/Cartidye) St 1 iako (L SCE. | Waters.
S A Ave. bk [Ave. blk Ave. blk
A

Formaldehyde ‘ + 0012 0,005 0,005 0.005

Acetaldehyde | 0.052 0.012 0.016 0.008

Acetonea] AL | BN 0,031 0.010 0.016 0.039

Acrolein 0.011

Propionaldehyde 0.091 0.005

Crotonaldehyde 0.006 0.013

Butyraldehyde 0.011 0.005
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Supelco Wako GL. SCIE. Waters.

ALDEHYDE (ug/Cartridge) Ave. blk Ave. blk Ave. blk Ave. blk
Benzaldehyde 0.313
Isovaleraldehyde 0.005
Valeraldehyde
o-Tolualdehyde h
m,p-Tolualdehyde | 0.012
Hexaldehyde 7’/ A 'S 0,012
2,5-Dimethylbenzaldehyde//f"x?,s 4

‘ s i

3.2.9 Recovery test

Recovery test’is very Important process to evaluate the capacity of a certain

cartridge to collect and-retain the analyte collected. Under this study, recovery test was

performed by injecting 4004l of0.5 ppmmix standard-solution-ef carbonyl compounds

into a blank cartridge. The cartridge were extracted the same procedure as the

samples) A minimdr of three cartridge from' each manufacturer were. used under this

test. The result of recovery test is shown in Table 3.6.




Table 3.6 Result of recovery test

ALDEHYDE Supelco Wako GL Scie Waters

(ug/Cartridge) %Recovery %Recovery %Recovery %Recovery
Formaldehyde 123 101 101 108
Acetaldehyde 167 80 75 82
Acetone 137 103 113 126
Acrolein 105 64 83 86
Propionaldehyde 243 85 76 82
Crotonaldehyde 70 69 71 70
Butyraldehyde 8l 12 69 76
Benzaldehyde al - g9 8 8
Isovaleraldehyde 86 ), %0 83 91
Valeraldehyde W 73 70 76
o-Tolualdehyde b, 0 Ay, 80 86
m,p-Tolualdehyde e 4 78 86
Hexaldehyde Q) 8 ol £ 92
25. Y prL
Dimethylbenzaldehyde + 76 83 “ 19 83

3.2.10 Determination of IDL and IQL

The Instrument Quantification Limit (IQL) and Instrument Detection Limit (IDL) were
determined by preparing 0.03 mg/l of mix standard carbonyl compounds. Inject into the
HPLC system for 7 times. The average value, standard deviation (SD), and %RSD were
calculated. The IDL of each compound were determined from 3SD, and the IQL were
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obtained from 10SD. The value of IQL was used as the Not Detected (ND) for each

compound quantified. The result of IDL and IQL test is shown in Table 3.7.

Table 3.7 Result of IDL and IQL test

PERNE)]

AMIANTUUNIINYAY

3.2.11 The effect of ozone to the concentration of carbonyl
compounds during sampling.

Aldehydes SD 3SD (IDL) 10SD (IQL)
Formaldehyde 0.000 0.000
Acetaldehyde 0.001 0.004
Acetone 0.001 0.004
Acrolein 0.001 0.004
Propionaldehyde 0.001 0.004
Crotonaldehyde 0.004 0.012
Butyraldehyde 0.002 0.006
Benzaldehyde 0.002 0.005
Isovaleraldehyde 0.001 0.005
Valeraldehyde 0.002 0.006
o-Tolualdehyde 0.001 0.005
m,p-Tolualdehyde ; 002 =11 0.000 0.000
Hexanaldehyde ) 0.001 0.005
2,5 Dlmethylbenzaldehydg. 0.001 0.004

Air constituents like ozone and nitrogen oxides can react with the DNPH and

carbonyl compounds to form unwanted artifacts that can cause negative biases. In
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order to eliminate these interferences, ozone scrubber should be attached to the active
cartridge to trap ozone interference and moisture during sampling. The potential
influence of ozone to DNPH active cartridge samplers was investigated by the cartridge
manufacturers as shown in Table 3.8.

To meet the 0 ﬂb t|ve'3d th|s stu several tasks_has been performed as
follows: ‘

TaskﬂW']Mﬂ‘mmW]’m&l’m&J

3.3 Conduct Preliminary Survey for Carbonyl Compounds in
Bangkok

The study of carbonyl compounds in Bangkok was very limited. The researcher
cannot find any research results concerning the prevalent carbonyl compounds as well
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as their level of concentration in Bangkok. Therefore, a preliminary survey was
conducted in March 2006 at 49 sites in Bangkok urban area. The selected area was 7
by 7 kilometers inside Bangkok busy areas. Passive sampler was used to collect
samples hecause it is convenient to use in monitoring many sites. All of the sampling
sites were located near the roadside. The sampling duration was 24 hours. The GPS
information were recorded from each site. AiteiCollection, the samples were brought to
the laboratory for extraction and analysis.

3.3.1 Sampling Locations

The concentration of air poIIutants‘ differs depending on the location and time.
The measured value of eachypollutant in a given sampling site must be representative of
the area of study. However, pollutant-concentrations at each sampling point changes in
accordance with the existence 0f-local poIIu"tio'nﬂ"sources, geographical features of the
area, meteorological conditions, and many other factors, Thus, measurement should be
representative of the'area to minimize complications during the interpretation of data.

By using the 7kmrx.7km area in Bangkok, the researcher divided the areas to
1km x 1km grit. Onesample-was collected from each’ grit. Since the area was 7km? the
number_of. samples. collected. were. 49 samples:=The.map .of the’ sampling site for
preliminary ‘survey s shown in"Figure '3.13, and the names of the sampling sites with
their corresponding GPS information is shown in Table 3.7.
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Table 3.9 Names of the 49 sites with their GPS information monitored for
iy

el ol G g B

UTM ¢

o

'

TR

11917798 re)

~

665071
665400
665108
664967
664910
665178

o o1 BN

1524805
1524142
1522594
1522011
1520759
1519789

Ranong (Dusit Police station)
Samsen Train station

Rama Hospital Intersection
Ministry of Science Intersection
Shell Gas station Banthadthong
Chulalongkorn
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No.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
21
28

29
30
3l
32

UTM

X Y
664820 1519116
666206 1525096
666507 1524342
666325 1522380
666210 1521925
666560 1520365
666550 15198065
666366 1518896
667207 1525057
667062 1524098
666680 1522604
667345 1522174
667252 1521003
667223 1519352
667045 1518845
667981 1524911
667994 1523238
667837 1522831
668128 1521845
669511 1525019
670050 1525055
671006 1525012
670047 1523767
669394 1523755
671057 1523666
671540 1522545

Location
Chulalongkorn soi 36
Rama 6 Intersection
Dept. of Environmental Quality Promotion
Victory Monument
Century Dept. Store
Big C:World Trade
Erawan Hotel
Rachadami! Intersection
Pradiphat
S01 Aree
Army Cooperative'Store
Dindaeng Intersection (Police Station)
Makkasan Train station
Association of Thai Industry
Baigkoik-Radio-Broatdcast Station
Bang Chak gas station (Suthisan)
PTT gas station (Suthisan)
Vipawadee Rangsit Park
PCD Monitoring station (Dindaeng)
50 Inthamara 30
Suthisan Intersection
Suthisan Rd.

Huay Kwang Intersection
Huay Kwang Market
Prachabumroong Rd.
Thiyab ruammit Rd.
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3
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

No.

UTM

X Y
670038 1522791
670032 1521609
670130 1521260
669136 15221705
669320 1521735
671254 1521141
671508 1520024
670014 1519750
669150 15204 /9
668074 1520608
667983 1519731
668798 1519164
668837 1519504
668458 1519064
669426 1519261
669900 1518829
671049 1518709

Location
Cultural Center Intersection
Near Subway Repair and Maintenance Office
Phang Muang Intersection
Soi Prani
Opposite.Fortune Dept. Store
Soi Yaemnang
Thonglor-Pechiburt Intersection
$0i Prosiri 2
Jica office
Mith Sampan Intersection
Nana Intersection
Asoke Intersection
Asoke Rd.
Sukumvit 12
Sukuitivit 33
Sukumvit 39
Soi Thonglor 15

sampler) has been used for collection of carbonyl compounds for 24 hours in Bangkok

3.3.2. Sample Colleation
For the preliminary survey a diffusive sampling device (DSD-DNPH passive

ambient air. The DNPH passive sampler is comprised of silica gel coated with 2,4-

dinitrophenylhydrazne (DNPH) as the absorbent, a porous sintered polyethylene tube

(PSP-diffusion filter) which acts as a diffusive membrane, and a small polypropylene
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syringe (PP-reservair) which s used for the elution of the analytes from the absorbent. As
the diffusive membrane comprises the entire cylindrical surface of the tube, it allows
radial exposure from all sides. The manufacturer of this passive sampler is SUPELCO
company. The appearance of the DNPH passive cartridge is shown in Figure 3.3,
Sampling for carbonyl compounds using DNPH passive sampler is shown in Figure 3.5

3.4 Separation and Analysis

The extraction pioCedres for passive ar samples.applied in this study followed
the procedures done by (Kume et ak;-2000). The procedure was easy and less time
consuming. However, extra care should be applied in order to avoid contamination
during the extraction process. The solvent 'Used for extraction was HPLC grade
acetonitrile produced by WAKO'¢ompany, Japan: The extraction procedures is shown in
Figure 3.7. -’

The separation-and analysis for carbonyl compounds in ambient air was done by
using a Shimadzu High. Performance Liquid Chromatography (Japan) with UV-VIS
detector Shimadzu SPD-20A, the Integratar is Shimadzu CBM 20A. The mobile phase is
pumped into the system by Shimadzu'LC pumps AB20 and the mohile phase used were
HPLC grade ‘acetonitrile and high jpurity' HPLC ‘grade water both produced by Fisher
Company, Canada. The solvents were filtered with 0.22um pore size, nylon filters
(Advantec, USA) before use. The solvents used were freshly prepared for every
analysis. The oven is Shimadzu CTO 20AC which is set at temperature of 40°C during
analysis. The carbonyl compounds were separated by a column RP Amide Discovery
C16 250 cmx 4.6 mm id. with 0.5 um packing from SUPELCO Company, USA. The
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schematic diagram of the HPLC system is illustrated in Figure 3.14. The samples flows
into the system by the pump through a linear gradient program. The analytical condition
for the analysis of carbonyl compounds by HPLC is shown in Table 3.10.
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Figure 3.14  Schematic diagram of HPLC
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Table 3.10 Analytical condition for analysis of carbonyl compounds
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Main Column

Pre- Column

Mobile Phase

Column Temperature

Flow rate

Detector

Wavelength

Injection volume

Gradient Program
Acetonitrile :  55%
Acetonitrile  65%

Acetonitrile  55%

RP Amide Discovery C16 250 cm x 4.6
mm i.d. with 0.5 um packing

RP Amide C16 2 cm x 4.0 mm i.d. with 0.5
um packing

A WateiHPLCgrade (45%)

B: Acetonitrile HPLC grade (55%)

40-C

1.0 mi/min

UV detector

360 nm

25 4k

Time (min)
20
5

5
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3.5 Calibration curve

Calibration curve are usually constructed before analysis of samples. In this
study, a 5 point calibration curve was prepared. The calibration curve is useful for the
quantification of the level of carbonyl compounds in the atmosphere. The reliability of the
calibration curve need to be clarified. T 996 for every compound, and the %RSD
for each compound should b nge of concentration used in this

. J .
study was 0.01, 0.05, 0. . ndard solution of 15 carbonyl
compounds.

Area
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Area

600000 y=106887x
R?=0.998

S00000 -~

400000 -
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3.6 Quantification of i

—-.ﬂ‘,.a‘:__

In the calculation of passive sa Juationt Iow was used. Since there

. : eDT erefore the amount of air
collected during the sampling period could not be determined. In this case the sampling

rate used for m ucﬂti@ %ﬁcﬁﬁl’ﬁr&’ﬂn&} arlﬁ-anﬁ was supplied by the
manufacture th assive  sampler SUPELC ompan U%ﬁ)lTable 3.9 shows
the sam uﬁat ﬁ) ;idc m

Mg concentration from analysis — blank x (final volume)

pg/ms3 = x1000

sampling rate (L/min) x sampling time (min)



98

Table 3.11 Sampling rate for DNPH passive sampler

Compound Molecular Weight Sampling rate
Formaldehyde 30.03 719
Acetaldehyde 44,05 59.4
Acetone 56.06 52.6
Acrolein 58.08 517
Propionaldehyde /5008 51.7
Crotonaldehyde | 4 70.09 47.1
Butyraldehyde /l \ 210, 46.4
Benzaldehyde 31012 38.2
Isovaleraldehyde //r [ / T=="\813 15
Valeraldehyde " ; T 8613 425
o-Tolualdehyde / [ BAECIBAINEN 36.9
m,p-Tolualdehyde ) 1 3.9
¥, e ;'J‘J
Hexanaldehyde ol 16 39.4
wd i RS o L
2,5-Dimethylbenzaldehyde 134.18 34

Source: SUPELGO DSD-DNPH Application Manual Révision 1.12B

Task 2. Quantification of-Carbanyl Compaunds in Bangkok in Urban Air

3.7 Determine the concentration level, spatial distribution,“and-diurmnal
distribution of carbonyl compounds in Bangkok

3.7.1  Sampling locations
Under this task, the researcher, collected ambient air samples from 11 sites, in
which 9 sites were the Ambient Air Quality Monitoring Stations for Pollution Control
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Department (PCD), while the other 2 sites which did not belong to PCD were Bangkok
Naval Base as residential area and DonMuang District Office as roadside area. The
sites were classified as roadside areas, residential areas. For the roadside area 5 sites
were selected namely: DonMuang District Office (RO1), Transportation Department
(RO2), Dindang Station (RO3), Chokchiu Police Station (RO4), and Bannongbon School
(RO5). For the residential areas, 5 s!zé/ﬁ;e also selected namely: Bangkapi
Sukhumnawaphan School_mj:)::BodMechzt"gmL(RSZ) Watsingh School (RS3),

IX Schom'a')' The map of the 10 sampling

ta||s of each samphng site is shown in Table

Bangkok Naval Base

P

,
sites is shown in Figure 3 ‘

3.10. The picture of eac |te‘Ts E’pown in Appendix D

. i

i

Figure 3.17 Map of Bangkok showmg the 10 samphng S|tes
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Table 3.12 Detail description and GPS information of the 10 sampling sites.

UTM Coordinate Nearest
No. Stations X Y Meteorological Remarks
(WGS8) | (WGSS) Station
Roadside areas
ROL | DonMuang District _ |"672318 | 1638355 Bangkok The population in
Office University Air -~ | Donmuang district is
Quality about 157,989 people.
Monitoring Station | This sampling site is

situated near
Vipawadee road and
toll-way. Opposite
side of the sampling
site is an old
international airport of
Thailand and
domestic airport. The
traffic density of
DonMuang District is
moderate
approximately 1,576
vehicles/hr. Most of
the vehicles are
motorcycles.
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RO2 | Transportation 667714 | 1525914 | Transportation Air | This sampling site is
Department Quality located at Jatujak
Monitoring Station | district. The traffic
(PCD) density of the road is
approximately 16,961
vehicles/hr. Opposite
side is surrounded by
open market selling
various kinds of
goods. There are
many passenger
buses passing this
road.
RO3 | Chokchai 4 Police | 672180 | 1525636 | Chokchai4 Air | The traffic density of
Station Quality the road s
Monitoring Station | approximately 5,106
(PCD) vehicles/hr. There are
high-rise residential
buildings close to the
sampling site.
RO4 | Dindaeng Station 667609 « | 1522005 J.Dindaeng Air The sampling site is
Quiality adjacent to Dindaeng
Monitoring Station | road with high traffic
(PCD) density at

approximately 6,838
vehicles/hr. The

residential buildings
are close to the site.
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R0O5

Bannongbon School

Stations

Bangkapi
Sukhumnawaphan |
School

AU

RS2

Badin Eecha échool

679577

1512599

d@y

/l’/‘/ ﬂm \\ earest
/ /

| _gﬂ;g%g— ™ Klongjun Air

1522832

The sampling site is
located near
Srinakarin road with
high traffic density
about 5,455 cars/hr,
The site was set up at
the 2 floor of

Bannhongbon School.

. ological
t|on

Station (PCD)

119

Remarks

This site is situated at
Bangkapi
Sukhumnawaphan
School. About 500
meter radius are low-
rise and high-rise
residential buildings

|‘ N %I a ﬁ'd one car garage.

Ramkhmheang | About 500 meter

Air Quality radius, there are

Monitoring schools, residential

Station (PCD) bqlldlng, mobile meat
grills, two car
garages and one

furniture factory.
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RS3 | WatSingh School | 656372 1513271 | Watsing Air The sampling site is
Quality close to a temple.
Monitoring About 500 meter
Station (PCD) radius, there is one
temple, schools,
residential buildings,
mobile meat grills
and one car garage
RS4 | Bangkok Naval Base | 660128 1520475 | Bansomdet Air | The sampling site
Quality was set up at the
Monitoring open landscape. The
Station (PCD) height of the
sampling shelter was
about 1.5 meters, and
surrounded with
grass field and pond.
RS5 | Prachanukul Schaol=-676790~ 1539354 About 500 meters

radius, there are
densely populated
residential villages,
small shops, mobile
meat grills and one
car garage.
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3.7.2 Sampling Technique

The sampling technique employed under this task was DNPH active cartridge
sampler. The appearance of DNPH active cartridge sampler is shown in Figure 3.8. This
sampling technique has its advantage because a large volume of ambient air can be
precisely collected by using a pump, which in turn makes sufficient amount of target
substances available for accurate quantitaiive analysis. The sampling system consisted
of a battery powered pump (Sibata minipurmp MPE30, Japan) that draws the ambient
air into the sampling cartridge Under a flow rate of 0.100 liters per minute. An ozone
scrubber was attached indroni-of.the active cariridge to trap ozone interference that can
react with the DNPH and eause negativé biases. The sampling system was also
provided with a heater (GASTEC, GTH-1, Japan) {0 prevent moisture to enter the
cartridge and may cause gffegt t0 the real COnCentration of carbonyl compounds under
study. The sampling system'was:placed in & shelter to prevent direct sunlight, rain, and
strong winds to the collecting-system. Figure 3.8 shows the DNPH active sampling for
carbonyl compounds.

3.7.3 Determine the concentration.. of ~carbonyl. , compounds in
Bangkok Urban area.

Samples were collected using DNPH active cartridges at 10 sites in Bangkok, to
determine the concentration level of carbonyl compounds in roadside and residential
areas during July 2007 to April 2008. Ambient air were collected for 24 hours in every
site. Fifteen carbonyl compounds were measured in Bangkok ambient air namely:
formaldehyde, acetaldehyde, acetone, acrolein, butyraldehyde, propionaldehyde,
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crotonaldehyde, benzaldehyde, isovaleraldehyde, valeraldehyde, o-tolualdehyde, m-
tolualdehyde, p-tolualdehyde, hexanaldehyde, and 2,5-dimethylbenzaldehyde. The
peaks of m-tolualdehyde and p-tolualdehyde cound not be separated, therefore the
concentration was reported as m,p-tolualdehyde. There were about 150 samples
collected during this period. The samples were extracted and analyzed by HPLC using
UV detector. Statistical evaluation of the daiawere.done by using the t-test calculations.

3.7.4 Determination..of daily\concentration variation in roadside and
residential‘argas in‘Bangkok.

Under this task,Samples were colleéted daily for 7 days in 2 roadside areas
(DonMuang and Chokchal 4) and .t resideht‘i'él area (Prachanukul School), by using
DNPH-active sampling technique: There were about 60 samples collected during May
2008 to August 2008, The samples were extracted and analyzed by HPLC using UV
detector. Under this {ask, the concentration ratio of formaldehyde to acetaldehyde were
also determined.

37,5, Diurnal measurement.of carbongt-compounds.in‘toadside
area in'Bangkok.

Ambient air samples were collected every 3 hours in Don Muang roadside area
during August 2008 by using DNPH active sampler. There were 30 samples collected
for this measurement. Another set of samples were also collected at the same site for
daytime and night time. There were 40 samples collected for this analysis.
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3.8 Quality assurance and quality control
3.8.1 Sampling

Quality assurance and quality control was applied during sampling such
as.

- Duplicate sampling - thisAyas done during collection of samples at
11 sites to determine the monthiy-Coneentration of carbonyl compounds,
which was'done-by-eollecting 2 samples-at 1 site for roadside area and 2
samples ai! site in residential areas. The criteria was that the
concentration gifference of fhese 2 samples collected at the same site
should not.exceed 20% diﬁiere‘hce.

- Field Blanks- 3 blank cé(tridge were brought to the sampling site
every time sampling was doﬁéf These 3 blank cartridge were opened at
the site but not exposed durinﬁ_-th_’e following day (collection of samples).
Then; they-are-resealed-—and-—obrought-pack to the laboratories for
extraction and analysis. The enteria for field blanks was that the
concentration.of carbonyls present in each cartridge should not higher
thanthe'detection limit (0.03 mg/l) for.each compound.

- Sampling. sites--each sampling-site, represented:the specific area of
study in which roadside areas were located near the roadside with heavy
traffic density, while the residential areas were located away from main
roads and industries but lies within the area where most people build
houses. However, many schools were also built within these residential
areas therefore, most of the samples were allocated in schools.
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-Transportation and storage of samples- all samples collected were
resealed in a Teflon bag stored in ice box during transport to the

laboratory, and kept at -86 °C freezer before extraction.

3.8.2 Analysis

-Extraction of samples- ali-samples should be extracted immediately
upon arrival fo-the faboratory, However, in cases where extraction could
not be possily done immediiately, the samples should be tightly sealed
and stored in-66 °C freezer before extraction. Extraction must be done
within 1#dayaftef colleCiion; 4

-Reagent blank analysisé-___.al_l_. reagents such as distiled water and
solvent used during extractiehfand analysis must be HPLC grade. The
newly purchased reagents afn_dljil'é:hemicals should be injected to the
HPLC-prior to use, in order td-determine the contamination level of
carbonyk compounds In each lot of chemicals. These reagents and
solvents should also be injected to the HPLC before performing any
analysis.- The! concentration of ‘carbonyl| compounds present in each
reagent and chemicals should not.exceed the detection limit for every
carbonykcompeund.

-Laboratory blank analysis- at least 3 blank cartridge should be
analyzed for laboratory blanks before any analysis of carbonyl
compounds.

-Calibration curve- at least 5 points calibration curve should be
prepared for every month. However, if some changes was made in the



108

HPLC system, such as replacement of parts, columns, guard columns,
seals and frits were done, or a repair of the instrument was done, a new
calibration curve must be constructed again. A new IDL and IQL must
also be done.

- Daily calibration curye-,a daily calibration curve should also be done
everyday to check the /stabllity of the HPLC instrument. The
concentration of the daily calibration is 0.1 mg/l which is the middle
concentrafion-ef the real calibration curve. The concentration difference
of the daily“calibration and the real calibration curve should not exceed
10% difference. .

- Check the retention of__fhe daily calibration curve- Aside from
checking the coricentration ';_('Jf""carbonyl compounds, the retention of
each compotind:shoifd aIso_it;e-{evaIuated every analysis. The percent
deviation of retefiion time for each carbonyl compound in every sample
must beWithin0:05 minttes from the real callbration curve.

-Avoid contamination of glassware and other materials - all
materials used ;such as, volumetric flaks, syringes, septum, vials, test
tubes, pipette tips, inserts, vial caps, Should be first washed with distilled
watenand finally:washed withracetonitrile HPLC gradle, then dried in oven
for 3 hours, and cool in a dessicator, packed in a Teflon bag, ready for
use.

-The researcher- during sampling and analysis of carbonyl

compounds, the researcher must not use any perfume or cosmetics, and
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should not drink any alcoholic drinks too, in order to prevent

contamination from personal source.

3.9 Calculation of the Concentration of Carbonyls in the Samples.

ug concentration from analysis = blank x (final volume)
ug/m= = x1000
sampling-rate’(L/min): x |sampling time=(min)

Task 3.
3.10 Determine the Traffic \Viofme in Rfoad.side Areas

Under this task, the researcher used the' video camera attached to a computer
to record the traffic flow-at roadside areas, Chokehal-4-which has a high traffic density,
DonMuang which has medium traffic density. Recording was done at these sites during
May to July 2008. The coneentration of carbenyl compounds were also measured at
these sites during ‘these periods by collecting ‘samplesusing active samplers. The
concentration.of carbonyl compounds were, plotted-together with the-number of vehicles
that flow-at those areas. Although all types of vehicles were recorded the researcher
calculated only the cars and motorcycles because these types of vehicles used gasohol
as fuel for their engines. Figure 3.19 shows the CCTV camera used for recording the
traffic density.
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Figure 3.19 Average daily traffic density in Chokchai 4
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Figure 3.21 Average daily traffic density in Don Muang
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CHAPTER IV
RESULTS AND DISCUSSION

4.1 Preliminary Survey for Carbonyl Compounds in Bangkok

On March 2006, a preliminary investigation for carbonyl compounds was done at
49 sites in Bangkok. Ambient air were coliecied for 24 hours using DNPH passive
sampler. The map of the-sampling site for prelimmnarnystudy is shown in Figure 3.13.
Carbonyl compounds weremeasured and results showed that 10 carbonyl compounds
were present in Bangkok ambient air: The analysis also revealed that formaldehyde was
found in all the 49 sampling'sites, ‘acetaldehyde was found in 36 sampling sites, acetone
was found in 34 sites, benzaldehyde was found in 26 sites, propionaldehyde was found
in 24 sites, butyraldehyde was foufic-in 18 snes valeraldehyde was found in 13 sites,
acrolein was found in 12 _sites, crotonallde'hyde was found in 11 sites and
isovaleraldehyde was-found in 4 sites, The number of sites showing presence of
carbonyl is shown in Figure 4.1.  Other compounds were not detected. The
concentration of formaldehyde ranged from 0.20-10.5 ug/m= while, the concentration of
acetaldehyde ranged from ND-2,92ug/me, the: concentration of acetone ranged from
ND-1.25u0/ms, the_concentration_of benzaldehyde- ranged from ‘ND-0.62 ug/ms, the
concentration' of propionaldehyde ranged from ND“- 0.33-ug/m=; the-concentration of
butyraldehyde ranged from ND- 0.33ug/mz, the concentration of valeraldehyde ranged
from ND-0.95,g/m: the concentration of acrolein ranged from ND-1.45ug/ms, and, the
concentration of, the concentration of crotonaldehyde ranged from ND-0.49,g/m= and
the concentration of isovaleraldehyde ranged from ND- 0.70ug/me. High concentration
of formaldehyde was found from sample collected near Huaykwang market, Victory
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monument, Suthisan road, Rachadapisek road, and Rama V. High concentration of
acetaldehyde was found from sample collected at Sukumvit 33. Huaykwang and
Suthisan and Victory monument. The high concentration of formaldehyde in Rama V may
come from vehicles and another source such as formalin because the samples were
collected near the Rama hospital and Ratc’h?vithi hospitals. Acetaldehyde concentration
was high in Sukumvit due to vehicles and"_gﬁ_%s;gurces such as building painting or
outdoor cooking. The result of the surveysalsa-showed that about 31 sites exceeded the
formaldehyde cancer urﬁsrkjof 'pbvgiven by OEHHA and about 16 sites exceeded

the acetaldehyde cancé, oA phbv given by the OEHHA. Since nearly all the
49 samples were colle g sroaé_‘s‘f'de area, it can be said that the source of
emission of these carbonyl €0 p'6uargds j%e‘fe emitted mostly from the transportation

sector. Figure 4.2 shows ifie oﬁbéfrit_‘ratioijfﬁf ’fbrmaldehyde in Bangkok during March
sdla

2006, while Figure 4.3 shows Jthéii_-conce@@n of acetaldehyde in Bangkok during

March 2006. | L
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Figure 4.1 Prevalent carbonyl compounds in Bangkok ambient air
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Figure 4.3 Contour map for Acetaldehyde concentration on March 2006
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4.2.  Concentration Level of Carbonyl Compounds in Bangkok.

To determine the concentration level of carbonyl compounds in roadside and
residential areas in Bangkok, samples were collected at 10 sites by using DNPH-active.
samplers. The sampling duration was 24 hours. Fifteen carbonyl compounds were
measured in the ambient air samples namely: formaldehyde, acetaldehyde, acetone,
acrolein,  butyraldehyde, - propionaldehyte; .~crotonaldehyde,  benzaldehyde,
isovaleraldehyde,  valeraldehyde, o-tolualdehyde, m-tolualdehyde, p-tolualdehyde,
hexanaldehyde, and 2,5«dimethylbenzaldehyde. The prevalent carbonyl compounds
found in Bangkok -were foimaldehyde, acetaldehyde, acetone, butyraldehyde,
propionaldehyde, crotenaldenyde, benzaldehyde, Isovaleraldehyde, valeraldehyde,
and hexanaldehyde.. The most:@bundant carbonyl compound found in roadside areas
and residential areas was formaldehyde which constituted about 35% of all the
carbonyls, acetone ranked the”second which constituted about 30%. Many of the
sources of acetone inyolve the oxidation of 'hi‘g'h’e'r molecuiar weight hydrocarbons, but
the relative contribution. of primary, non anthropogenic; sources, e.g., biogenic and
oceanic, may be significant. It is also emitted from industrial processes, solvents, paints,
and tobacco smoke] biomass|/utning; | terrestrial vegetation;; plant decay, and the
oxidation of isoalkanes, monoterpenes, and methyloutenol The,mean tropospheric
lifetime™of ‘acetong is. estimated .to.be /15 days (Graedel, % E. et al, 1986).
Acetaldehyde ranked the third which constituted only about 11%, other carbonyls
showed low concentrations. as seen in Figure 4.4. Other carbonyl compounds such as
pripionaldehyde, crotonaldehyde, butyraldehyde, benzaldehyde, valeraldehdye,
isovaleraldehdye, and hexanaldehyde showed very low percent contribution to carbonyl
compounds in Bangkok's urban air. Although these compounds are also emitted from
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the transportation sector, they are also emitted from other sources such as industrial
emissions, tobacco smoke, cooking, organic chemicals, paints, solvents, etc.

m Hexanaldehyde
Valeraldehyde

= |sovaleraldehyde
Bonzaldehyde

= Butyraldehyde

m Crotonaldehyde

| PFropionaldechyde

= Acctoane

m Acetaldehyde

| Formaldehyde

The ambient concentr |omvﬁfjormaI@de at the roadside areas in Bangkok
during July 2007 to Aeril 2008-“Tan§féd from:'—g;‘ii‘tﬂ 172 p}g/m3 (average 11.53 ugim:)
while, the ambient c‘ﬁ@enﬂatmnﬁonnﬂdehydvmﬁ@ﬁal areas in Bangkok during
the same period ranﬁbd from 3.06 t0 19.9 Lg/m: Z average 9.65 ng/ime). The
concentration of acetaldehyde in.roadside dteas in. Bangkok during July 2007 to April
2008 ranged from 1.59't0' 7.95 g/m="{average 3.51g/m:) while at the residential areas
the concentration ¢f,acetaldehyde, duringathe-same fperiod; ranged from 1.07 to 8.05
ugim: (average 3.11 pg/me). Other compounds showed low concentration. The
concentration of carbonyl compounds in DonMuang (RO1), Transportation (RO2),
Dindaeng (RO3), Chokchai 4 (RO4), and Bannongbon (RO5), are shown in Figure 4.5,
Figure 4.6, Figure 4.7, Figure 4.8, and Figure 4.9 respectively. The concentration of
carbonyl compounds in Bangkapi School (RS1), Bodin Decha School (RS2), Wat Singh
(RS3), Bangkok Naval Base (RS4), and Prachanukul School (RS5), are shown in Figure
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4.10, Figure 4.11, Figure 4.12, Figure 4.13, and Figure 4.14, respectively. It was also
found that the concentration level of formaldehyde and acetaldehyde in the roadside
areas are higher due to emissions from cars and motorcycles that use gasohol as fuel.
The concentration of formaldehyde in the residential areas may be transported from the

roadside areas and photochemical react
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Figure 4.11 Concentration of carbonyl compounds in Bodin Decha during July
2007-April 2008
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Figure 4.13 Concentration of carbonyl compounds in Bangkok Naval Base during
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As can be noticed from aluhe graphsjcfat the concentration of formaldehyde,

acetaldehyde, and acetone wiere fow durmg hie fonth qf-_JuIy and September 2007.

This result can be é&ﬁgined from the meteorological cogajﬁon in Bangkok that during

July and September 2007 the amount of rainfall was 270mm and 260mm respectively

and in DonMuangewhieh is~255mm andh, 286mmy respectively=as shown in Table 3.1.

During the month of August, formaldehyde and acetaldehyde concentration increased

due to‘lower rainfali-amount: During Octaber 2007 until April 2008-the weather was dry.

These findings can explain that wet deposition can significantly affect the concentration

of carbonyl compounds. Although these compounds are water soluble they do not

p0ssess treat to under groundwater because they are biodegradable compounds.

Generally, the oxidation of ethanol which is contained in the gasohol fuel would

yield acetaldehyde. But in this study, it was revealed that the most abundant carbonyl
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found in Bangkok was formaldehyde. In this case, photo-oxidation of acetaldehyde
occurred in the atmosphere such as reaction with hydroxyl radicals as stated by
(Atkinson and Lloyd, 1984; Atkinson et al., 1989,1990), that products formed from
photo-oxidation of acetaldehyde include peroxyacetyl nitrate and formaldehyde. On the
other hand, photolysis of acetaldehyde produces methyl radical that react with oxygen
to form methyl peroxyl radical, which reactswith nitric oxide to form formaldehyde
(Horowitz and Calvert, CARB,1993).

4.3 Seasonal variation“of.carbony! compounds In Bangkok

It can also be seen from Figure 4.18, that the concentration of formaldehyde and
acetaldehyde were high in'the roadside ar-e'a's' which explains that the source come
from vehicle emissions especially:cars and motarcycles that use gasohol, due to rapid
increase in gasohol consumption, that caused increased concentration of these
compounds in Bangkok ambient air. fhie concentralion of formaldehyde and
acetaldehyde in the residential areas were lower due to absence of direct sources.
Therefore, photo-oxidation=and, photolysiS-of , acetaldehyde. plays an important
contribution in the"formation of ‘formaldehyde in“the residential areas in Bangkok.
Although, transpartof these-pollutants fromdhe roadside-areas-canmnotbe denied.

It is remarkably noted that the concentration of carbonyl compounds exhibit
seasonal fluctuations as seen in Figure 4. 15. The concentration of formaldehyde and
acetaldehyde were low during the rainy season (July -October) which is due to rain
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washout because these compounds are water soluble. As stated by (Tanner R.L. et al.,
1988) that heterogeneous losses by wet deposition processes are significant especially
formaldehyde due to its high aqueous solubility. Washout ratios (concentration in
rain/concentration in air) are 28 and 37 which were estimated by Atkinson, 1989 and
Buttery et al., 1969, respectively. The concentration becomes high during the cold
season (November to February) not only dug-to.absence of rain, that enhance high
concentration but also higher atmespheric reactivity that occurs during winter season
that increases NOx concentration -which favors photo-chemical production of
formaldehyde. The concentration of formaldehyde and acetaldehyde slightly decrease
during the summer season (Mateh-June) fifich is.cue effect of high temperature strong
sunlight, and humidity dusing the'summer season viherein, these compounds are volatile
organic compounds, so heir concentratibhs"are affected by these environmental
factors. Other photochemical <reactions m:a'y‘n‘,also occur such —as photolysis  of
acetaldehyde due to high temperature. produces methyl radical that can react with
oxygen to form methyt-peroxyl racical; which reacts witfy NOx to form formaldehyde.
Consequently, these compounds may also react with NOx in the presence of strong
sunlight to produce, ozong; thereby _reduging, their .ambient. concentrations.  The
seasonal variation of formaldehyde-and acetaldehyde in Bangkok is shown in Figure
4.16.

The difference in acetaldehyde residence time varies between season. The
summer residence time are short in most cases, whereas the winter residence time are
on the order of days. The winter residence time for formaldehyde is easier to asses. For
acetaldehyde calculation of winter residence time is difficult due to importance of

secondary formation. The major uncertainty in the residence time calculation for
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acetaldehyde is the OH radical concentration, which varies from day to day by a factor
of two (Mackay et al., 1995). According to studies conducted by (CARB, 1993), revealed
that in Los Angeles, direct emissions are important sources of formaldehyde and
acetaldehyde in ambient air during winter time or night time.
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4.4 Daily concentration of formaldehyde and acetaldehyde in Bangkok in
relation to traffic density.

While formaldehyde and acetaldehyde are not a composition in the gasohol fuel,
but rather a product of incomplete combustion from vehicles fuelled with gasohol. All
internal combustion have the potential to produce these compounds. However, the
concentration of the pollutants generated depends primarily on the composition of the
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fuel, the type of engine, the emission control system, the operating temperature, the
age, and the inspection and maintenance of the vehicle. Therefore, the concentration of
these compounds in ambient air maybe variable.

The Pollution Control Department project on “Measurement of Toxic Air Pollutants
from Gasohol Fuelled Cars” reported that. by using gasohol as fuel, benzene and 1,3
butadiene concentration will decrease at 12.86%.and 55.71% respectively. While other
toxic air pollutants such as thylbenzeng, acetaldehyde and formaldehyde will increase
at 122.34%, 127.27%, and 20:72% respeciively. These tests were performed directly at
the exhaust pipes of cars.and.motoreycles that use gasohol and gasoline as fuel. Based
on the results of their test; it gan‘he expectéd that the rates of release of acetaldehyde
from cars and motorcycles using gasohol will increase:, The increase consumption of
gasohol could result in inci€ase emission of_éCétaldehyde.

At present, gasoline 91 is still-used as fuel In some cars and motorcycles in
Thailand. The gasoline 91 did-net-contain ethanol -but use MTBE (11% volume) as the
octane booster. Most Siueies founa that MTBE increases formaldehyde emissions (Hood
and Farina, 1995). Therefore, using both gasoline 91 and gasohol as fuel, the
concentration of formaldehyde in ambient air‘at Bangkok.is expected to be high.

In order to assess the daily-variation'in'the"concentration of formaldehyde and
acetaldehyalerinambient -air in-relation toccar-and-motoreycles dansity, measurement
was conducted at Chokchai 4 and DonMuang during May to June 2008. In Chokchai 4,
cars constituted about 34%, and motorcycles constituted about 14% of the total traffic
density, while in DonMuang motorcycles constitute about 70% and cars constitute only
about 10% of the total traffic density. The cars and motorcycles density was summed
and plotted with the concentration of formaldehyde and acetaldehyde. Figure 4.17, and
Figure 4.19 show the concentration of formaldehyde and acetaldehyde in Chokchai 4
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during May and June 2008. The results indicated good relationship between the
concentration of formaldehyde and acetaldehyde with the volume of cars and
motorcycles in this sampling area. On the other hand, the concentration of formaldehyde
and acetaldehyde was also compared to the total volume of car density which included
all types of vehicles. The results indicated, unsatisfactory resuits, thereby indicated that
other types of vehicles did not contribute’ i0.the- concentration of formaldehyde and
acetaldehyde in Chokchai 4 as shewn inFigufe4.18 and Figure 4.20. Another set of air
samples and volume of traiiie Gensity was collected in DonMuang during the same
period with Chokchai 4..Figure’4.21-and Figure 4.23 showed the concentration of
formaldehyde and acetaldehyde'in DonMgéing during May and June 2008. The results
indicated good relationship™ between it_hé coneentration of formaldehyde and
acetaldehyde and the amount of cars andv-'mé'torcycles in this sampling area. On the
other hand, the concentration of formaldehyaéan-d acetaldehyde was also compared to
the total volume of car density- which included aILtypes of vehicles. The results indicated
unsatisfactory results, inereby indicated that other types of-vehicles did not contribute to
the concentration of formaldehyde and acetaldehyde in DonMuang as shown in Figure
4.22 and Figure.4.24.
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Figure 4.23 Concentration of formaldehyde and acetaldehyde in relation to
total traffic density in Don Muang on June 2008.



133

In order to evaluate the hourly concentration of formaldehyde and acetaldehyde
related to hourly traffic density, another measurement of carbonyl compounds were
collected for every 3 hours at Don Muang during June 2008. The results showed during
5:00 AM. to 8:00 A.M, the concentration of formaldehyde significantly increased which
was related to the increase in sources such as solar radiation and traffic density. During
0:00 AM. to 14:00 P.M. the traffic censity ,depreased but the concentration of
formaldehyde and acetaldehyde still remaifi-high due to photochemical reactions.
During 17:00 to 20:00 P.M, lraffic densﬂy increase, and the concentration of these two
compounds were still hlgb/ﬂgwever frorﬁ 20:00 P:M. 10.05:00 A.M. the concentration of
formaldehyde and acetaldenyde rap|d y di_éprease tlue to-absence of solar radiation that
enhance photochemical ;eécﬂon 50 cars and motorcycles that use gasohol are the only
sources of formaldehyde arfd acetaldehyde@erg those hours as seen in Figure 4.24.
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Figure 4.24 Hourly concentration of formaldehyde and acetaldehyde related
traffic density
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4.5 Correlation of carbonyl compounds with car density in Bangkok

The correlations between formaldehyde and acetaldehyde at DonMuang
roadside area were also measured by collecting ambient air samples at different time
periods. High correlations between formaldehyde and acetaldehyde (R=0.9571) were
obtained especially during 17:00-05:00., s shown in Figure 4.25, which may explain
that these two compounds. were produced-By.vehicular emissions According to
Possanzini et al., high correlations befween most carbonyl compounds were found
during 18:0 0-21:00 whigh'wasthe time period with the lowest solar radiation and in turn
least photochemical reactions making vehicular emissions the major source. He further
explained that during*the time periodé 11:00-17:00, “formaldehyde showed high
concentrations due to<vehiculer exhaust as well as the reaction rates of both
photochemical generation under.high solar. radiation in daytime were considered
significant. Under this study, the-resuits showed similar findings as Possanzini et al.,
1996. Many studies revealed that the acetalde'hyde IS not/a component of evaporative
emissions but ratheremitied in the exhaust of ethanol biended fuel and gasoline. The
correlation of formaldehyde with car density was calCulated to evaluate the car
contribution to formalciéhyde concelitration fevels in‘ambient airin Bangkok, as shown in
Figure 4.26. From this figure we can see a very good correlation (R’= 0.977) which can
clearly show:that formaldehyde are emitted ifrom vehicles. Hence; it'is expected that
there is an increase emission of 0.0148 ug/m= formaldehyde from a car using gasohol
which can be obtained from the slope of the graph. Likewise, the correlation of
acetaldehyde with car density was also calculated to evaluate the car contribution to
acetaldehyde concentration levels in ambient air in Bangkok, as shown in Figure 4.27.
The results indicated that acetaldehyde concentration showed good correlation with car
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density (R*= 0.926). Needless, to mention that the emission of acetaldehyde originated
from vehicles. Hence, it is also expected that there is an increase emission of 0.0027
ug/m= acetaldehyde from a car using gasohol which can be obtained from the slope of
the graph.

Gasohol fuel may lead to small decrease in carbon monoxide (CO) and
nonmethane hydrocarbons (NMHCs). However,.ethanol combustion in spark-ignition
engines which will be cracked directly to.acetaldehyde, particularly during cold starts of
the vehicles, resulting in Increaset acetaldehyde and formaldehyde emissions. The
reaction of acetaldehydgawith/OH radicals i urban atmosphere leads directly to the
formation of peroxyacetyl‘radical, Which qan react with nitrogen dioxide (NO,) to form
formaldehyde. These compounds are knc;'er as human carcinogens. In cases where
there is exposure to multiple carcmogens t‘ne risk of each carcinogen is added. The
assumption implicit in this is'that the eﬁect on cancer risk in the population exposed to
multiple carcinogen is additive: ftis possible: that some carcmogen might be synergistic

and some antagomstlc
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4.6 Diurnal concentration of formaldehyde/acetaldehyde

. The concentration of formaldehyde and acetaldehyde were evaluated during
daytime and nighttime at DonMuang and ERTC. It was found that the concentration of
formaldehyde and acetaldehyde were higher in the daytime time as shown in Figure
4.29 and Figure 4.30. These findings caincides with Possanzini et al., 1996 explanations
that formaldehyde showed high concentrations-f.ihe daytime due to vehicular exhaust
as well as the reaction rates by-photochemical-generation under high solar radiation,
while during night time=perod- ihere' was no solar.radiation and in tum least
photochemical reactions making ieficular. emissions the major source.

During daytime, undeg/clear sky cdnditions, the residence time of formaldehyde
and acetaldehyde is detefmined primarily by their reaction with OH radicals, with
photolysis accounting for a very negligible p‘érbqnt of removal (U.S. EPA, 1993). Factors
influencing carbonyl compounds’ atmospheric jifetime, such as time of day, sunlight
intensity and temperaiure,-also-include those affecting- the availability of hydroxyl
radicals and nitrate radicals.

At night, the reaction, of acetaldehyde,with NOx will increase the production of
formaldehyde (Atkinson.et al, 1990)..Due'tochigh'cancentrationcof NOX in Bangkok, this
reaction.is,expected to.occur rapidly. However, mobile.sources déerease during night
time which can also'result in‘lower concentration of formaldehyde and acetaldehyde.



138

300
250
200
ug/m’ 159

0.0

Donkuang

® Formaldehyde

100 -

50 =

20/7/2008 Z1) luli"'" EI ot )
{Day}

Figure 4.28 Daily co

during-July 26

3000
2300

s

\\\\\\ -
\ etaldehyde in DonMuang

|

B Acetaldehyde

008 23/7/2008
[Night)

B oy

" 15.00 -
10,00 -
5.00 -
0.00 -

¥ |
N '

.-!'|'l' ﬂ'l'ﬂ'_"ﬂ'!

"{" E..fz 216 n 0/6/2008 1#;003 15 008

Day| [Cay) {Dayll®  (Might) IHI‘I[,I

(Might]

ARIANNTUARTINETRE

B Forma.cehyde

B Acetaldehyde

o/

Figure 4.29 Daily concentration of formaldehyde and acetaldehyde in ERTC,

Pathumthani during June 2008.



139

4.7 Comparison of concentration level of formaldehyde and acetaldehyde in
Urban area, industrial area, and rural area.

Industrial releases of formaldehyde and acetaldehyde can occur at any stage
during production, use, storage, transport or disposal of products with residual carbonyl
compounds. Other transportation. sources may also contribute to carbonyl compounds.
To compare the concentration-of carbonyl-Compounds in other areas in Thailand,
samples were collected al-the-industrial area, rural-area, and airport. Under this task,
Chokchai 4 and DonMuang wereSelected to collect samples for Urban area. Mabthaput
Industrial area was Chosen 0 coliect air samples for industrial area, and ERTC,
Pathumthani, was seleCted‘to/collect air samples for rural area. It was found that the
concentration of formaldehycte and acetaldehyde were higher in Bangkok urban area
(Chokchai 4 and DonMuang), thas Mabtha’pyt .Iﬂndustrial area, ERTC, Pathumthani, as
shown in Figure 4.27. because the traffic density_ was very high in Bangkok compared
the other areas. Mareover, formaldehyde ‘ahd acetaldienyde were emitted from
transportation sector. ~The result further Inclicated thai the concentration of other
carbonyl  compounds .such as acetong, propionaldehyde, crotonaldehyde,
butyraldehyde, “benzaldehyde, isovaleraldehyde, and hexanaldehyde were high in
Mabthaput Industrial area, becauseé these compounds comesafrom the industrial
production processes.” The concentration “of * formaldehyde ' and “acetaldehyde in
Mabthaput and ERTC, Pathumthani were similar due to low traffic density in those areas.
This test gives an important explanation that transportation sector can contribute to high
concentration of formaldehyde and acetaldehyde in ambient air, especially in highly
congested traffic area like Bangkok.
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4.8 Comparison of Carbonylﬂ.'Comp'é_t_}pdg under this Study with
Other Studies S——
The comparisons of the averagé’Coﬁcentratior_]s_w of carbonyl compounds

between this study and other countries that use gasoholiiv‘as conducted. Brazil is the
only country in the world that use gasohol up to 100% €thanol, although much of the
light vehicles use 85%'ethanol“blended gasaline. Itcan be seen that the concentration
of formaldehyde‘and acetaldehyde in-Brazil was very high compared to other cities. The
concentration, of| formaldehyde and acetaldehyde’ in' Japan was, lower than Brazil,
Canada and this study, because Japan use only 3% ethanol blended gasoline in the
industrial sector. In Canada, although they use 15% ethanol blended gasoline which
have similar ratio as Thailand, the concentration of formaldehyde was lower, and the
concentration of acetaldehyde was higher than Thailand. This is due to some factors,

such as meteorological conditions, method of measurement, and preventive measures
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implemented to control the emission of carbonyl compounds in Canada. Table 4.1
shows the concentration of formaldehyde and acetaldehyde in different cities that use
gasohal.

Table 4.1 Comparison of average concentrations of formaldehyde and acetaldehyde

with other countries,
SN

(This Stud o de Janeiro, | Osaka, Japan | Ontaro,
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CHPATER V
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusions

Under this study, there were two majer.tasks carried out; (1) to quantify and
evaluate the spatial and seasonal distribution-of-carbonyl compounds in Bangkok urban
area and (2) to determine the-concentration of carbenyl compounds in relation to traffic
density.

5.1.1 Task 1+ Quantify and evaluate the. spatial distribution of
carbonyl compounds in ambient in Bangkok

1) The concentration level oi carbonyl éoﬁ'i’pounds at the roadside and residential
areas in Bangkok were high duefd the high. density of vehicles especially
gasohol fuelted cars and motorcycles, which are the major sources of carbonyl
compounds particularly formaldehyde and acetaldehyde. Therefore, increased
use of-gasohof will evertually vesultin‘high’coneentration of formaldehyde and
acetaldehyde in ambient air.in Thailand.

2) The concentration ‘of ‘carbonyl compounds in ‘ambient air vary according to
season, which is influenced by temperature, humidity, and wind direction. In
Thailand the meteorological conditions vary for every season. Due to high
solubility of formaldehyde and acetaldehyde, the washout ratios of these
compounds together with episodic nature of precipitation events, indicate that
wet deposition is expected to influence the concentration level of formaldehyde
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and acetaldehyde in Bangkok. The concentration is high during the cold
season due to lower temperatures and more stable conditions that

3) Photochemical reactions of formaldehyde and acetaldehyde occurs in the
atmosphere through various mechanisms, such as reaction with hydroxyl
radicals, ozone, hydroperoxyl radicals, and nitrate radicals. On the basis of the
rate of constant for each of the-feaclions and the concentration of the
reactants, the reaction-with hydroxyl-radical is considered to be the most

important,

5.1.2 Task 2. Todetermine fhe concentration of carbonyl compounds
In‘relation to traffic density.

1) The concentration of carbonyl compounds in Bangkok increased significantly
due to rapid'ingrease-n-gasenok-constmplion;

2) Good correlation between concentration of formaldehyde and acetaldehyde in
ambient-air;and; car-density: was-obtained whieh indicate that vehicles fuelled
with gasehol contribute to the emission of these compounds.

3) ~'The ‘concentration of formaldehyde and acetaldehyde were higher during the
day time due to incomplete combustion from the vehicles using gasohol, as well
as photochemical reactions of other Volatile Organic Compounds (VOCs).
During the night time the concentration becomes lower due to sources reduction
such as absence of solar radiation that enhance photochemical reactions and
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decrease traffic density, which agree with the same study done by Possanzini et
al., 1996.

4) The concentration of carbonyl compounds in the Bangkok were higher than
Mabthaphut Industrial area, ERTC, Pathumthani (Rural area), and Suwarrnaphum
International airport. This is due to very high traffic density in Bangkok compared
with other areas in the.country.

5.2 Recommendations for the Improvement of air guality in Bangkok

The government's policy fo replace the conventional gasoline to gasohol wil
cause high concentration of carbonyl compounds especially formaldehyde and
acetaldehyde. In order {0 imprave e air.quality in Bangkok, some strategy and
mitigation measures should be emphasizéd_ Sﬂ:UCh as.

1) New Ambient—Ai—Quality—Standards—ior—foxic Substances such as
formaldehyde, and acetaldehyde should be established in order to reduce
toxic air pollutants.from the use ofigasohol in Thailand.

2) New‘and old cars should be equipped with catalytic converters that can trap
both cardonyl compounds and primary. pollutants. And the lifetime of the
catalytic converters presently used should be evaluated due to switching of
fuels.

3) Incentives should be provided to manufacturers of motorcycles to produce
motorcycles equipped with catalytic converters to trap carbonyl compounds
and other primary pollutants.
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Stringent car and motorcycle inspection and maintenance should be strictly
enforced based on hydrocarbons, aldehydes, and NOx certification.

Future studies also needs to consider photochemical impacts of increased
levels of NOx and carbonyl compounds, because these pollutants will likely
to increase ozone and. oxidant levels which could effect the health of the
people and damage vegetation.

Actual exposureto Chemicals associated with-fuels most commonly occur as
exposure 0 complex.chemical mixiures, rather than isolated chemicals,
thus, it is Important that the health effects of interaction between individual
components of+these mixtures be'characterized in addition to health effects
of the individualCompaunds.

There are presentlylarge gaps in-our knowledge of the health effects of
exposures, to _complex mixtures of compounds-associated with alternative
fuels and ‘gasoline, as well as the health effects associated with some
individual compounds. Itis therefore a need to-conduct research and further
develop, and, evaluate-existing,epidemiological data-on human health effects

fromsgomplex mixtures associated with fuel components.

The emission and aimospheric chemistry have already,een the subjects of
extensive study, and sophisticated models are available, significant
uncertainties still remain. It is important to continue monitor the actual
concentration levels of these atmospheric pollutants in order to observe the
outcome of changes in vehicle type, usage of the different types of fuel
composition, and to confirm the accuracy of model predictions.
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ALDEHYDE (ugim?)

Bannongbon (RO1)

14/7/2007 | 9/8/2007 | 11/9/2007 | 18/10/2007 | 27/11/2007 | 21/12/2008 | 7/1/2008 | 16/2/2008 | 29/3/2008 | 5/4/2008 | Average
Formaldehyde 4,04 1.2 4.26 58 16.6 10.7 115 11 10.1 105 9.17
Acetaldehyde 0.82 0.57 1.40 2.19 324 9.50 6.04 4.73 3.68 6.5 387
Acetone 241 11 1.18 6:02 5.1l 8.69 8.89 1.27 6.39 5.96
Propionaldehyde 0.17 0.21 1.2 4,762 0.831 4,097 2603 | 2569 | 206
Crotonaldehyde 0.22 0.15 0.16 0.256 (.43 9.54 2.24 0.42 2.62 0.49 1.25
Butyraldehyde 0.7 0.17 0.31 0.752 1.592 4838 409 | 0984 | 169
Benzaldehyde 511 0.44 0.388 10.548 3.544 1,535 5.621 0.764 4.24
Isovaleraldehyde 0.886 0.47 0.173 0.388 0.521 0.833 0.55
Valeraldehyde 1.44 0.208 112 1.76 1.63 118 1.22
Hexanaldehyde 0.4 0.89 1.72 0.145 1.26 3.2 1.43 0.83 0.57 4.93 1.54
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Dindaeng  (RO2)

ALDEHYDE (ug/m:)

14/7/2007 | 9/8/2007 | 11/9/1950 | 18/10/2007 | 27[11/2007 4 21/12/2008 | 7/1/2008 | 16/2/2008 | 29/3/2008 | 5/4/2008 | Average
Formaldehyde 7.96 1.25 5.84 7.60 19.20 23.30 30.90 14.90 1150 1450 | 1430
Acetaldehyde 3.89 2.48 1.48 2,13 6.07 5.95 10.04 7.00 1.60 1.30 4.19
Acetone 6.09 1.10 5.18 8:44 1.59 8.80 6.89 0.85 0.36 5.03
Propionaldehyde 0.82 0.69 0.23 0.78 145 391 2.26 1.30 0.85 0.32 1.26
Crotonaldehyde 0.71 0.48 101 0.35 0.64
Butyraldehyde 0.6 0.57 0.13 0.14 1.18 5.59 2.92 0.70 0.30 1.35
Benzaldehyde 4.07 0.24 1.56 0.73 3.86 2.67 2.38 1.65 0.10 1.92
Isovaleraldehyde 0.57 0.73 4.46 0.48 0.12 0.48 1.14
Valeraldehyde 0.36 0.65 0.93 0.46 114 249 2.52 0.49 0.11 1.02
Hexanaldehyde 0.46 0.76 0,70 2.08 1,09 2.74 2.58 0.40 0.57 1.26
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DonMuang  (RO3)

ALDEHYDE (ug/m:)

14/7/2007 | 9/8/2007 | 11/9/1950 | 18/10/2007 | 27[L1/2007.4 21/12/2008 | 7/1/2008 | 16/2/2008 | 29/3/2008 | 5/4/2008 | Average
Formaldehyde 4.57 145 4.26 4782 1171 12.00 6.78 12.15 13.77 11,51 8.90
Acetaldehyde 0.81 0.53 151 2,50 8.64 0.93 6.13 1.94 1.65 1.08 2.07
Acetone 421 9.59 112 487 0:49 4.24 1.78 1.27 3.45
Propionaldehyde 0.32 0.76 0.24 3.04 0.27 0.71 0.78 0.73 0.21 0.78
Crotonaldehyde 0.14 0.51 0.71 0.62 0.50
Butyraldehyde 1.03 0.72 0.13 0.40 0.13 1.83 0.84 0.16 0.24 0.6
Benzaldehyde 0.14 3.89 0.21 0.47 0.24 150 152 1.14
Isovaleraldehyde 0.40 0.19 0.40 0.47 0.10 1.68 0.75 0.24 0.53
Valeraldehyde 0.87 1.04 0.20 0.10 0.73 0.23 0.23 0.49
Hexanaldehyde 0.32 0.84 0.86 0.24 147 0.34 2.33 0.91 0.15 0.43 0.79
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Transportation  (RO4)
ALDEHYDE (ug/me) | 14/7/2007 | 9/8/2007 | 29/9/1950 | 7/10/1900 | 27/11/2007+.21/12/2008 | 7/1/2008 | 16/2/2008 | 29/3/2008 | 6/4/2008 | Average
Formaldehyde 1.73 3.53 9.26 520 18.58 15.99 16.3 14.67 1177 15.28 11.24
Acetaldehyde 0.14 1.15 3.96 15,62 10.04 1059 8.21 11.33 599 1.15 6.62
Acetone 5.48 165 1.26 180 15.3 12:45 106 10.90 450 0.62 7.90
Propionaldehyde 0.11 0.51 0.57 1323 5.01 1.63 751 419 0.29 3.67
Crotonaldehyde 1.25 0.72 0.98 5.04 4.36 0.21 0.10 1.81
Butyraldehyde 113 0.23 0.30 187 0.54 3.17 0.77 1.80 0.82 118
Benzaldehyde 0.68 1.62 1.52 0.70 1.00 7.99 11.66 0.11 3.91
Isovaleraldehyde 1.56 4.39 0.33 1.90 1.80 0.76 1.79
Valeraldehyde 1.14 1174 4.88 1.14 0.33 1.85
Hexanaldehyde 0.29 0.65 1.16 3.74 323 4.35 0.24 9.55 2.98 0.4 2.66
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Chokchai 4 (RO5)

ALDEHYDE (ug/me) | 14/7/2007 | 9/8/2007 | 29/9/1950 | 18/10/2007 | 27/11/2007 | 21/12/2008 | 7/1/2008 | 16/2/2008 | 29/3/2008 | 6/4/2008 | Average
Formaldehyde 141 10.60 5.26 7.10 199 209 19.12 138 189 14.9 138
Acetaldehyde 243 3.30 2.93 3.40 136 14.2 9.34 9.25 4.81 1.10 6.43
Acetone 2.17 i85 185 11.16 10.94 28.69 0.50 122
Propionaldehyde 0.76 0.44 3.99 8.57 152 0.26 3.74 0.52 0.30 3.75
Crotonaldehyde 0.22 0.31 0.4 0.15 0.42 0.73 1.83 0.35 0.62 0.56
Butyraldehyde 0.39 0.16 0.50 0.60 8.71 0.53 4.61 1.25 0.13 1.88
Benzaldehyde 4.15 9.16 0.72 .36 148 3.29 1,51 111 0.11 3.88
Isovaleraldehyde 0.47 0.50 2.26 4.18 0.57 0.52 0.87 0.29 121
Valeraldehyde 0.25 0.72 3.09 3.03 5.91 1.92 2.87 1.25 2.38
Hexanaldehyde 0.46 1.16 2.88 1.04 9.48 8.64 0.26 3.98 2.73 0.65 313
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Bangkapi Sukum School (RS1)

ALDEHYDE (ug/me) | 14/7/2007 | 9/8/2007 | 29/9/1950 | 18/10/2007 | 27/11/2007+.21/12/2008 | 7/1/2008 | 16/2/2008 | 29/3/2008 | 6/4/2008 | Average
Formaldehyde 3.88 3.9 410 0.74 26.6 10.2 103 8.43 12.0 121 9.84
Acetaldehyde 1.02 153 2.57 3.9 14.0 3.8 573 4.90 1.76 5.88 481
Acetone 448 142 2.17 oy 6.4 5.95 519 599 6.04 5.71
Propionaldehyde 0.30 0.54 0.33 479 8.956 2.81 0.73 0.69 3.81 4.10 2.1
Crotonaldehyde 0.36 0.39 0.39 0.42 0.28 2.49 3.25 337 | 137
Butyraldehyde 0.31 1.1 0.25 0.66 2.88 0.25 0.81 0.63 109 | 089
Benzaldehyde 114 15.4 0.42 142 2.66 0.26 6.89 059 | 435
Isovaleraldehyde 0.64 2.34 0.55 0.51 0.80 6.04 1.81
Valeraldehyde 0.80 3.3L 010 133 1.25 1.94 1.70 1.49
Hexanaldehyde 0.71 2.84 599 3.101 1.44 423 0.51 2.35 2.92 2.34
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Bodin School  (RS2)
ALDEHYDE (ug/me) | 14/7/2007 | 9/8/2007 | 29/9/1950 | 18/10/2007 | 27/14/2007 | 21/12/2008 | 7/1/2008 | 16/2/2008 | 29/3/2008 | 6/4/2008 | Average
Formaldehyde 3.89 3.85 3.39 4.28 22.5 16.3 164 8.86 115 117 10.3
Acetaldehyde 1.26 1.79 2.32 358 29 9.17 8.21 5.79 1.81 3.29 5.01
Acetone 117 41 1.80 7 ] 10.6 103 145 105 1.76
Propionaldehyde 0.47 0.68 0.35 1.66 .55 501 1.63 3.50 1.32 2.55
Crotonaldehyde 0.11 0.22 040 0.89 1.25 547 0.979 251 1.48
Butyraldehyde 0.16 1.20 0.10 2.70 2.03 5.04 0.32 1.88 1.68
Benzaldehyde 4.84 132 0.71 3.36 1.83 4.83 3.17 4,01 1.18 1.38 3.85
Isovaleraldehyde 0.46 0.60 2.18 475 1.00 1.25 248 1.90
Valeraldehyde 0.37 0.64 3.09 0.71 2.39 1.80 2.08 0.154 0.78 1.33
Hexanaldehyde 0.58 0.62 2.70 1.81 5.54 2.82 0.24 6.09 0.352 3.28 3.00
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Wai'Singh  (RS3)
ALDEHYDE (ugims) | 14/7/2007 | 9/8/2007 | 29/9/1950 | 18/10/2007 | 27/#1/2007--24/12/2008 | 7/1/2008 | 16/2/2008 | 29/3/2008 | 6/4/2008 | Average
Formaldehyde 4.08 3.74 4.40 822 136 .31 170 9.31 126 11.88 9.72
Acetaldehyde 2.37 1.04 2.40 309 110 6.39 9.99 4.68 0.67 6.23 4.79
Acetone 155 2.12 4.61 176 1341 10.6 10.07 6.60 10.1
Propionaldehyde 0.37 0.43 0.35 4.44 6.58 1.00 2.03 1.28 0.27 4.06 2.08
Crotonaldehyde 0.18 0.21 0.62 0.12 0.30 1.00 0.59 0.028 5.69 0.97
Butyraldehyde 0.57 2.3 0.23 0.46 172 0.48 4.23 0.201 1.19 1.27
Benzaldehyde 491 0.46 114 3.61 3.70 0.45 4.09
Isovaleraldehyde 2.11 0.22 0.42 1 0.83 0.367 8.01 2.09
Valeraldehyde 0.17 141 1.94 0.62 0.305 191 1.06
Hexanaldehyde 0.61 0.78 0.84 5.52 3.65 3.50 2.78 4.22 0.502 2.78 2.52
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Bangkok Naval Base  (RS4)
ALDEHYDE (ug/m:) | 14/7/2007 | 9/8/2007 | 29/9/1950 | 18/10/2007 | 27/11/2007 ,.21/12/2008 | 7/1/2008 | 16/2/2008 | 29/3/2008 | 6/4/2008 | Average
Formaldehyde 2.82 5.19 2.99 9.18 8.37 10.6 115 6.82 126 115 | 106
Acetaldehyde 0.86 151 2.16 0.0¢ 3,98 .91 10.2 5.89 1.16 5.32 5.7
Acetone 4.98 10.19 1.56 8.76 8.96 1.32 1.16 0.45 6.91 6.1
Propionaldehyde 0.4 0.60 0.14 6.37 0:32 4.29 1.37 3.08 0.208 4.06 2.6
Crotonaldehyde 0.17 0.17 0.24 0.12 0775 1.02 0.62 1.46 1.0
Butyraldehyde 0.52 0.54 0.57 0.78 118 5.78 1.63 3.16 0.20 0.84 2.3
Benzaldehyde 3.25 0.24 2.38 0.60 0.36 2.99 1.70 0.38 2.9
Isovaleraldehyde 0.42 0.64 115 1.28 0.37 4.60 0.26 5.80 2.5
Valeraldehyde 0.46 0.76 147 2,99 163 1.67 0.73 1.56 14
Hexanaldehyde 0.55 0.76 2.60 511 3.52 0.15 218 0.61 2.50 18 14
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Prachanukul School ~ (RS5)
ALDEHYDE (ugim) | 14/7/2007 | 9/8/2007 | 29/9/1950 | 18/10/2007 | 27/11/2007.21/12/2008 | 7/1/2008 | 16/2/2008 | 29/3/2008 | 6/4/2008 | Average
Formaldehyde 3.00 3.71 2.35 761 118 12.8 119 104 16.5 114 9.16
Acetaldehyde 0.82 0.9 1.86 2.99 10.1 9.79 6.10 1.3 5.99 113 4,67
Acetone 476 8.17 0.72 10.66 145 6.88 10.21 1.38 1.16
Propionaldehyde 0.22 0.40 0.22 2.38 310 (41 118 3.08 1.28 0.81 2.01
Crotonaldehyde 0.12 0.13 112 0.94 0.60 0.21 0.62 0.73 0.56
Butyraldehyde 122 1.03 038 049 6.37 337 070 | 021 | L7
Benzaldehyde 447 0.28 0.0/ 2.33 581 1.04 347
Isovaleraldehyde 0.29 1.61 0.25 118 0.69 1.16 0.86
Valeraldehyde 0.69 085 2.87 0.24 1.44 3.18 3.36 1.76
Hexanaldehyde 0.30 0.86 0.68 0.79 5.26 1.65 072 471 1.35 2.07 1.94
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==== Shimadzu LCsolution Calibration Curve ====
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Traffic Density in Chokchai 4 May 2008  00:05 - 23:55 (24 hrs.)

Date Cars | Taxi | Pick-up Motorcycle Van | PassengerBus | TOTAL
13-May-08 28,080 | 18,825 | 17,401 10,338 3,833 4,079 82,556
14-May-08 29,393 | 20,887 | 21,387 10,703 3,805 4,030 90,205
15-May-08 24,694 | 19,484 | 17,322 9,864 3,645 4,023 79,032
16-May-08 28,224 | 18,734 | 17,329 10,102 3,858 4,161 82,408
17-May-08 21937 | 18916 | 17473 10545 3,809 3,998 82,808
18-May-08 27958 | 17,903 |..17,093 11433 3,749 3931 82,067
19-May-08 21947 | 18,4097 1#283 11,054 3,779 3,964 82,436
AVERAGE 21,748 | 19,023 |17,898 10,596 3,783 4,027 83,073
@E@Gj%ﬂy Traffic Density.. 83,073
Traffic Densitytin Chokchai 4 June 2008 00:05- 2355 (24 hrs.)
Date Cars Taxi | Pick-up | Motorcycle ™ £Van | Passenger Bus | TOTAL
6-Jun-08 28,028 | 20,844 | 18,094 10,644 3,542 4,267 85,419
7-Jun-08 27,708 19,801 417,623 9,720 3,433 4,123 82,408
8-Jun-08 27993 | 18911 |© 17,557 9915 3,504 4,050 81,930
9-Jun-08 28,116 | 18,973 | 17268 10,794 3,779 4,178 83,105
10-Jun-08 21077 | 48,9141 | 471145 10,576 3,938 4,106 82,456
11-Jun-08 27985 | 18,977 | 17,330 11,021 3,837 4,036 83,186
12-Jun-08 21931 | 19,745 | 17237 10,798 3,887 4,071 83,669
AVERAGE 27934 | 19452 | 17,465 10,495 3,703 4,119 83,168

AVERAGE Daily Traffic Density 83,168
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Car Density DonMuang May 19-25 2008  (7Days)
Day Date Motorcycle Car | Pick-up/Van | Taxi Remark
Monday 19-May-08 27826 3175 3200 963 | 00:01-23:59 hrs
Tuesday 20-May-08 24782 2866 3607 1052 | 00:09-23:55 hrs
Wednesday | 21-May-08 20701 3331 3729 1018 | 00:10-23:55 hrs
Thursday 22-May-08 24311 2760 3594 1167 | 00:10-23:55 hrs
Friday 23-May-08 23239 3080 4082 1247 | 00:10-23:55 hrs
Saturday 24-May-08 24645 3546 3384 1372 | 00:10-23:55 hrs
Sunday 25-May-08 23576 3716 3477 1332 | 00:10-23:54 hrs
Average 24454 3,211 3,082 1,164

fzftﬁl éfficles. per day 32,111

Car Density DonMuang June 9-15 2008  (7Days)
Day Date Motarcycle Car~. | Pick-up/Van |  Taxi Remark
Monday 9-Jun-08 21826 35 T 320 963 00:09-23:54 hrs
Tuesday 10-Jun-08 24065 3BT | 3405 1110 00:09-23:55 hrs
Wednesday | 11-Jun-08 26448 2944 3262 1033 00:10-23:55 hrs
Thursday 12-Jun-08 26448 2944 3262 1033 00:10-23:55 hrs
Friday 13-Jun-08 27133 2891 3332 1089 00:10-23:55 hrs
Saturday 14-Jun-08 26748 2640 3598 990 00:10-23:55 hrs
Sunday 15-Jun-08 23974 3502 3504 1318 00:10-23:55 hrs
Average 25,190 3,112 3,375 1,104

Total vehicles per day 33,121
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School- (RO

Sampling Site: Dindaeng (RO2)
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Samppling Site: Department of Transportation (RO4)
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Sampling Site: Bangkapi Sukum School  (RS1)
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Sampling Site: Wat Singh
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Sampling Site: Prachanukul School
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