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1. INTRODUCTION

Air pollution has increasingly plagued man as a conseguence of
his cconomic and social development. Concern for air pollution control
and the necd to protect human health and the ccosystems upon which man
depends hes become an important consideration in the formulation of
national g.owth and development policies. Tncorporation of air quality
management principles in rational ecconomic and social plans provides a
practical basis for rcalizing and maintaining clcan air in harmony with
national development goals. Prcgress in prevention and control of air
pollution is dependent on developing an ethic in which air pollution
control is recognized as a positive componert of growth and development
rather than a deterrent., A direct and effective way of implementing
the ethic is to include air quality as an integral component in national

comprehensive economic and social planning.

The Fifth Economic and Social Development Plan (1982-1986) of
the Royal Thai Government (RTC) recognized the importance of improved
efficiencies in the utilization of natural resources and the need to
support environmental conservation programmes. The Rayong - Map Ta
Phut Development Planning hrca (DPA) was specified as the location of a
new industrial complex to Serve as a new growth centre in accordance
with the Fifth Plan objecctive of systematic decentralization of economic
and industrial activities to the regions. The Fifth Plan also calls
for concurrent measures to control envircamental pollution which may
come from industrial activities and tourism, as well as proposing pro-
jects to plant perennial plants such as rubber and fruit trees instead
of soil debilitating field crops, and to revive deteriorating forest

conditions around watershed areas.

The 1982 Eastern Scaboard Study made for the RTG National
Economic and Social Development Board by Cooper $ Lvorand Associates
(CLA) affirms the Fifth Plan environment pollution cont .ol policies and
identifies actions to be :taken to protect the environment in the DPA

(Appendix 1),



2. PRESENT AND POTENTIAL AIR POLLUTION FROBLEMS

The planned development of the Rayong -~ Map Ta Phut area over
the next decade provides the incentive and need to evaluate the scope

and severity of prescnt and potential air pollution problems.

2.1 Description of the Development Planning Arca

The Fifth Plan and CLA: define the DPA to include the existing
urban arca of the city of Rayong and the coastal arca to the west
including the towns of Ban Chany, Ban Krok Tabaek and Ban Kilomet Sip
Hok (See Fig. 1). The arca extends north from the sea coast to Khao
Krok and Khao Chom Nai. From thise it extends southeasterly along the
Rayong district boundary and ends with the eastcrn district boundary
enclosing Rayong. The land forms a couastal plain gently rising to a
northwesterly ridge of some 400 mctres (m) and sloping southeasterly

to the flood plain of the Khlong Yai.
2.1.1 Airshed and Air Quality Control Region

The described DPA occupies the southwestern portion of a
larger, naturally described, topographic area all within Rayong
Province which may properly rcpresent an air basin, or airshed. The
airshed is bounded on the west by the ridge formed by Khao Krok and
Khao Chom Hai, and on the cast by the ridge formed by Khao Yai Da, Khao
Nguang Chang, and the peaks continuing to the north. The southern
boundary is the coastline. There does not seem to be a clearly defined
topogra_ hic northern boundary on the maps available, but it is likely
to be the upper rcaches of the tributaries tc the Khlong Yai watershed
more than 50 kilometres (ki) north of the coastlinc. Further study of
the airshed may show it to be entirely within Rayoung Province, in
which case the land area contained within the airshed may be described
as the Map Ta Phut - Rayong Air Quality Control Region (AQCK) and used
as the administrative area for purposes of air quality monitoring,
regulating emission sources, and describing applicable ambient air

quality standards for health and environment proteQtion.
2.1.2 Climate and Weathar

Published summaries of clima“e and weather typically deal

with the entire Eastern Seaboard Area. Climate reports recognize the



alternating northeast and scuthwest monsoon system with its moderate
winds, seasonal rainfall diffqrences, and temperature and relative
humidity variations. The weather data summaries most often given are
for Chantaburi, and Sattahip.

The 20 vear average wind pattern in S&ttahip (Meteor. Dept.
ID. No. 48477) shows the 4 to 16 knot (kt) wind direction frequency
percentages to be: N=15,2; NE=4,9; E=0; SE=0; S$=31.8; SW=33.6; W=14.3; "
and NW=0. Winds of 17 to 27 kt are sometimes observed, and short gusts
above 27 kt from : wrious directions occur infrequently. Some data have
been reportedly collected for winds aloft in the vicinity of the Royal
Thai Naval airport at U Taphao, but have not bcen available for
analysis and evaluation for applicability to the proposed Map Ta Phut-
Rayong AQCR. Apparently there are no temperature lapse rate data for
U Taphao. However, since the Sattahip station is the synoptic station
of the Royal Thai Navy it is possible that some weather data may be
recorded that has application to the development of regional air quality

mcdels,

The Metcorological Department has establigshed a weather
station east of Rayong (Meteor. Dept. ID. No. 48478) and wind direction

and speed data have been reported since October 1980. A comparison of
wind information for Rayong and Sattahip is shown in Table 1. The
comparative data of record are for 3 years only and show similar average

wind speeds (about 4 kt) but somewhat different average wind directions.
Only surface wind data are collected and there are no data for temperas
ture lapse rates or for winds aloft. Evaluation of the potential for
air pollution in the DPA requires descriptive meteorological data on
vertical atmospheric mixing heights, depth of the inversion layer, and

winds aloft, and accurate information on % calm periods.
2,1.3 Agriculture, Forests, and Fisheries

Agriculture and fisheries are important industries in Rayong Province
Rayong produces the largest share of the fruit and tree crops gfown in
the 3 Eastern Seaboard Provinces, and a substantial amount of field



crops, primarily cassava, some sugar-cane, and small quantities of rice
and vegetables. Tree und fruit crops occupy 31 % of the Province's
agricultural land. The dominant tree crop is rubber which is planted
on 65 % of the land. Coconuts use 13 % of the land, while fruit trees
use 17 %, and pineapples 4 %. Field crops occupy 55 % of the
agricultural land with cassava the dominant crop planted‘on 80 %, and

sugar-cane on 18 %

Forest resources in the 3 Eastern Seaboard Provinces have
declined very significantly over the last 20 years. The most rapid
destruction of forest areas has occured in Rayong. There were 1,450
km2 in 1961 and only 153 km2 in 1981, a reduction from 42 % cover to

somewhat less than 4 %

The DPA is also an important fishing area, especially in
Ban Phe on the eastern edge of the AQCR and Rayong in the central
coastal area. Fisheries provided work for about 30,000 fishermen in

the province and about one-half of the annual fish catch on the ESB.

Prospective air pollution impacts from industrial, urban,
and transportation emission sources must consider possible adverse

| effects upon agricultural crops and rubber production as well as

possible damage to planned reforsstation areas, Consideration

should also be given to the effect of collected air pollutants when

they are discarded in land fills, streams, marshes or other dumping

sites and subsequently transported to marine and fresh water fisheries.
2,1.4 Industry

Present industrial enterprises in the DPA are primarily
rciated to the processing of agricultural products grown in the
Province. The principal industries are cassava pellet and starch
plants which use electricity, fuel oil, or rice hulls as their enerqgy
source. The only non-agriculture based industry is the Petroleum
Authority of Thailand's (PTT) Natural gas dew point separation plant
located in Map Ta Phut. The Thai Petroleum Industry (TPI) polyethylene
plant is east of Rayong and outside the DPA.



The Department of Industrial Works lists the industries licensed
for operation in the area by category and business address. The current
listing method is not amenable to transposition on available topographic
grids so that specific areal site Hocations cannot be made. Separate
site visits of each listed industry may allow siting so that a distri-
bution of present industries in the area can be properly mapped for air

quality management purposed.

Industries proposed for the DPA may be easily located and sited
since they are to be directly associated with the established PTT faci-
lity. A considerabl.: change in the industrial profile will occur with
the construction of a gas separation plant and proposed construction of
a complex for chemical fertilizers, petrochemicals, vinyl chloride

monomer, soda ash, and methanol.
2.1.5 Transportation

The DPA is well served by road transport. CLA summarized the
1981 road traffic counts for Map Ta Phut and vicinity and showed a
daily count of 6122 vehicles on Route 3, 1883 on Route 36, and less
than 1000 on Routes 331 and 3138. In 1981 heavy trucks made up 24 %
of the daily average traffic ccunt on Route 3 between Map Ta Phut and
Ban Chang, while cars and taxis made up 23 %, and motorcycles 37 %.
There was slightly more heavy truck traffic (28 %) on Route 36 between
Rayong and Khao Mai Kaeo, but many more cars and taxis (36 %) And about
half as many motorcycles (15 %). The 1981 traffic counts for all
vehicles on Route 3 travelling between Map Ta Phut and Ban Chang was
9790. The number of vehicles travelling on Route 3 between Sattahip
and Rayong in 1981 was about 6500. CLA estimate traific counts between
Sattahip and Rayong will increase to 8000 in 1986 and to 9900 in 1991,
and to 12,7C0 in 2001, Some variations in numbers and types of
vehicles will result from optional forms of commercial and industrial

transport modes suggested for use between Sattahip and Map Ta Phut.

2,1,6 Urban Development

At present there is a low level of urbanisation in the DPA.
The urban population was estimated to be 44,700 in 1981 with 37,300



in the municipality of Rayong, and 7,400 in Map Ta Phut but outward
migration is reducing that number. Urban development and population
growth will change as the DPA proposed basic industries and arcillary
facilities are constructed and go into production. The 1991 urban DPA
pbopulation is estimated to be 70,1060, and to increase to 11$,100 by
2001,

The development plan calls for the location of major indus-
tries near the PTT plant in Map Ta Phut. These industries are typica-
lly capital rather than labor intensive, use considerable land, and
unless suitably designed and operated, emit considerable quantities of
air contaminants. They are easily identifiable point sources amenable
to efficient and affordeble air pollution control. Sirce the indus-
tries have a low job to capital ratio, population increase, commer-
cial development ard transportation requirements will be limited and
the potential for area source emission growth will be less than in
other parts of the DPA. The location of lighter industries with
greater labor demands will affect patterns of urbanization and deter-

mine air pollution potential.

2.2 Pescription of Present Air Pollution

There are no air Quality‘ﬁeasurements either in the DPA or
the larger AQCR. On two field surveys in November 1982 and April 1983
several industrial point sources were observed to produce suspended
particulate matter (SPM) and unacceptable smoke and fumes emissions,
probably due to poor fuel combustion or poor boiler operation and
maintenance. The PIT dew point plant produced a continuous, dense,
and long lasting black smoke plume from its low-level, inadequately
sized, waste vapor flare. Many other local SPM sources associated
with rice miliing and cassava processing, were observed; fugitive dust

due to manvfacture and goods transport is a major problem.

An appraisal of present air pollution may be made from the
source emission inventory instigated by the ONEB Division of Environ-
mental Quality Standards (DEQS). The emission inventory currently
considers 717 industries in 8 categories located in 6 distriets in
Rayong Province. Most of the emission sources are within the AQRS.

A standard inventory questionnaire (Appendix 2) is used to estimate



emissions from fuel combustion. Details of pollution controls used
and their effectiveness are also noted. This initial program is a
valuable first step and will prove useful in estimating current air

pollution levels.

Observaticns of some agricultural crops and other vegetation in
the DPA and A(CR showed no evidence of injury or damage from air pollution
with the exception of crops, fruit trees, and ornamental and native plants
about rock crushing and tapicca operations which were heavily soiled by

dust deposits.

2.3 Prospective Alr Pollution

The basic industrial devclopment planned for Map Ta Phut is
centered about the existing PTT facility as indust.ics are expected
to be gas-related enﬁerprises. The present natural gas iandfall operations
and the olefin scparation plant now under construction are integrated
industrial operations. The outputs of those operations will be used in
the proposcd additional basic industries for manufacture of chemical
fertilizers, petrochemicals, vinyl-chloriae monomers,; soda ash, and
methanol. These heavy industries require considerable land, very little
labor, and generally producc hcavy poilution waste loads. The prospect

for air pollution is real and significant.

Prospective air pollution may be greatly reduced by selec-
tion of resource efficient industrial manufacturing processes and by
including available and affoxdable air pollution control systems as

integral parts in thc¢ production processes.
2.3.1 Prospuctive Impacts

The location of polluting industries in the DPA may take
advantage of some natural air transport and dispersion due to regional
weather conditions, and conscuaitly minimize pollution levels. The
use of the CLA proposals for open spasc and planned landscaping to
produce an attractivce urban environment with woodlands for recreaticn
also aids in the dissipation of air contaminants and reduces their
prospective impact. However, since weather conditions are changecable
and may even aggravate air quality during periods of air stagnation,
provisions should be made for sourcce amission controls and action

plans for air pollution pisodc¢ wicrgencies.



The most effective way of reducing prospective air
pollution is to provide the necessary controls as integral parts of the
development plan. When umission control systems are built into the
production process and designed to meet Thai national ambient air
‘quality standards, the health and cnvironmental protection provided
will be affordable and in harmony with national industrial development
plans. The air quality resulting from integral controls provides
for protection of the environment and economic developments such as
the further promotion of rubber plantations, reforestation, as well
as minimizing the prospect of contributing to acid precipitation in
the ESB and the Northeast Provinces, or conversely to the Southwest

Provinces.

Protection against prospective pollution for the Map Ta
Phut industrial development should consider emission reduction
systems which use design standards, performance standards, best
practical means, or predictive intermittent controls. Most of the
industries proposed for Map Ta Phut already use control systems,
generally performance standards. Particular attention must be paid
to adequate reductions of SPM, sulfur dioxide (502), nitrogen oxides
(Nox), and volatile organic compounds (VOC and HC). It is also impor-
tant to critically evaluate the need to control specific fertilizer
plant losses such as nitric, phosphoric, and sulfuric acids, and
fluorine compounds. Other specific pollutants to guard against are
chlorine (Clz), hydrogen chloride (HC1l), and vinyl chloride (PVC) from

the proposed vinyl chloride monomer plant.
2.3.2 Prgvention and Control of Air Pollution

A master plan for clean air provides solutions for

present and potential air pollution problems.

The planning and management of short and long-range air
pollution control programs using air quality as the basis for manage-
ment requires; l) description of the area to be controlled; 2)
assessment of existing air quality; 3) meteorology of the proposed
air quality control region; 4) establishment of air quality standards;
5) a snmurce emission inventory of the described area; 6) assessment
of available control technology; and 7) the development and implemen~

tation of appropriate abatcment and control actions.



These several information and data requirements must be
used in concert; that is, they must be used as integrated actions
within an operations system. ill of the integrated actions or
activities should be directed towards making the DPA air quality
acceptable and keeping it that way. Air guality management is
the operations system to obtain and maintain air quality which meets

the RTG national ambient air quality standards.
3. ASSESSING THE DPA AIR QUALITY PROBLEM

Assessing present air pollution in the DPA starts with data
requirements listed in 2.3.3, Prevention and Control of Air Pollution.
Prospective air pollution assessments require the same basic data
with the important addition of accurate e¢stimates of industrial
expansion, urban growth, and transportation and land-use changes
affecting area and point source confiqurations. These basic data
and estimated future growth data must be considerecd collectively for
their corbined impacts using air quality predictive models which
account for the spatial distribution of all significant sources and
provide for time and space location of atmospheric chemical reaction

products.

3.1 Air Quality Assessment Parameters

Information involving a number of important activities
is basic_to the development and use of the alr quality manageﬁent
strategy. Among them is the definition ¢f the air quality control
region or area. The boundaries of the area for which a control
strategy is to be formulated are usually described by its topogragty,
weather patterns and the transport and diffusion characteristics of
the pollutants commcnly found throughout the area. An emission
inventory is needed which accounts for air poliution sources, rates
of emission by source categories, and scasonal variation for such
things as fuel combustion in fixed and mobile sources, industrial
processes, and burning of combustible wastes. The information may be
obtained in a variety of ways ranging from estimates derived almost
entirely from published census data, rapid survey techniques, and

comprehensive surveys, An accurate emission data base iz needed for
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Projecting air quality, as a guide to community planning and land-use
management, for the design of air quality monitoring programs, cs
well as for development of control strategies. &n emission scurce

survey questionnaire for the DEA has been developed (Appendix 2).

Another important activity is the assessment of existing air
quality since it aids in defining the pollution levels in the prescri-
bed area, assists in the choice of control strategies by showing the
amount of control needed, and in demunstrating the effectiveness of
the controls achieved by allowing comparisons of measured levels with
chosen goals. 1It is essential that the measurement methods and data
reporting systems for the entire area be explicitly described and

defined and be based on ONED accepted standard reference methods.

ARir quality predictive assessments derived from air quality
dispersion or climatological models rzquire meteorological data.
These models, which provide a mathmatical relationship between air
pollution emission sources and resulting air quality, vield information
useful in evaluating proposed control strategies and in determining

the'prospect of their rieeting required air quzlity levels.

Air quality standards and precribed measurement methods for
them have been established and were puplished 1 December 1961 (Appendi-
ces 3 and 4). There are other toxic air pcllutant emissions fér which
there are no RTG air quality standards, which are now or may be emitted
from a limited number of sources in a limited number of places, inclu-
ding the proposed DFA. These additional pollutants of concern include
arsenic, beryllium, cadmium, fluorine, manganese, zinc, nitric,
phosphoric, and sulfuric acids, benzerne, viuyl chloride, and a variety

of other materials such as polynuclear organic compounds,

Control technologies and control systems for polluting
processes are provided to meet emission limits for designated pollu-
tants. The emission limit can be determined in several ways: a limit
that rapresents tha best practical control level; a limit that repre-
sents the best available control technology; or the most restrictive
limit, the lowest échievable emission rate. The various limits are

typically represented either as design or performance standards. The
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emissior limits, or emission standards are essential inputs to the
predictive air quality model in judging emissions required in order
to achieve the ambient air quality standards. & well developed
model properly programmed makes it rossible to choosc a set of
selective emission controls for tle most important cmitters instead
of applying unifo.n emission controls on all cmitters. Applying
most efficient contiols to the most significant sources and minimum
Oor no controls on eanission sources of least impact can result in
clecan air at lowest cost. »Adoption of this concept implies that as
emission sources increase with expansion of existing industries and
urban centers, or emissions increase in amount and kind due tO new
industries and rclated activities in the modeled area, emission limits
and emission standards will bc made more restriciive to accommodate

the desired additional econcriic and social development.

Abatement and control actions are based on the formulation
of emission standards and their promulgation for the emission sources
ii the AQCR or the described control area. The success of the
controls in meeting the ambient air quality standards depends on the
choice of emission restrictions, the size and efficiency of the control
systems, the quality of inspection, operation, and maintenance of the
selected controls, and the type and quality of enforGeement provided

by the regional air pollution control authority.

3.2 Air Quality Management Reguirements

The measurcs to be taken to mitigate, or prevent and control,
air pollution and the monitorinj or surveillance programs needed to
ensure the successful implementation of the mitigation measures are
identified and arrangu:d in an ordered systems approach as shown in
Figure 2, A complete set of 198l--62 USEPA regulations for all aspects
of air quality management is civen in the US CFR, Parts 50-87 on file
in the DEQS library. FEach of the required systens measures is discus-
sed in the following 8 sections together with information needs and

somce recommended actions.
3.2.1 National Ambient Air Quality Standards.

Air quality standards and designated methods for their

detection and measurement have becn promulgated (Appendices 3 and 4).
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Current air quality standards for €O, Ib, Noz, O3 802, and SPM are
applicable to all municipalitics and provinces of Thailand. The
standards are designed to protect health. Their effectiveness in
protecting agriculture, forests, and natural and cultivated ecosystems,
visibility and other gqualities of the atmosphere continues to be
reviewed. The standards should be periodically reviewed to consider

new health protection informztion and changed to meet new reguirements.
Recomnmend

1) ONEB monitor fine particulate matter in the range of 10
um and sméller in order to physically characterize the size
distribution of inhalable particles at’ 3 representative
sites, center city, industrial-cormmercial, and residential.
The sized particulate samples should be chemically

analyzed to determine their sohrce of origin, such as mctor
vehicle, fuel oil, rfugitive dusé, and other sources of
especial concern to assess neced for additional particulate

standards.

2) ONEB promulgate a list of approved alternative air
quality measurcment methods for the RTG air quality
standards and give specific details on the procedures to be
used in reporting air quality data for Environmental Impact

Asscssment (EIA) and other purposes.
3.2.2 Inventory Source Emissions.

The organization, collection, evaluation, and compilation of
an inventory of point and arca source emissions is vital to the develop-
ment of the air quality management plan and the establsihment of
mitigation measures for the DPA and AQCR. There are few useful reports
with meaningful point source emission information. The reports availa-
ble to ONEB give emissions in general terms such as Kg per tonne
processed without emission rates or ocher data with which to quantity
emissions from specific emission processes or emission exit points.
Reports given to the DEIE are neither organized nor planned for presen-
tation of quantitative air quality emission information or ambient air

quality assessment (Appendix 5),



There are no motor vehicle cmission data. The available CO
data report CO % at idiec for a limited vehicle population. These data
cannot be quantified because a portion of the szmple reports off-scale
¥e1die.s and none of the tests were timed and all were for idle engine
cycle. The basic motor vchicle registration data are inadequate.

There is no single validated statistical source for all vehicle cate-
gorics and ages,zi,i.c Jdit liddecs.l information is wanting, and there
are no driving cycle data. In the absence of any substantive RIG motor
vehicle emission information, no accurate and reprcsentative pollution
emissinn cstimates are posuible. For purposes of developing coupara-
tive emicsions for some vehicle categories, one sct of RTG statistics
was selected and USEPA emissicn factors were used oxr US vehicle

engine displacements, US driving cycles and average US vehicle age
groups. a set of comparative emissions was estimated for vehicles
using benzine, Jdiesel, and liguified petrcleum gas (LtG) , These preli-
ninary estimates suggest CO levels in Bangkok :aay be due largely to

the motor vehiclec and that fuel type and engine maintenance may signi-
ficantly impact CO amblent 2ir quality as well as HC and Nox (Appendi-
ces 6 and 7). The cojparative emission estimates for Bangkok serve

as an example of how estimates may be made in the DPA.

Emicsion estimates for motor vehicles in Thailand will
likely remain unreliable and misrepresent their actural contribution
to measured pollution levels until validated motor vehicle statistics,

driving cycles, and emission estimates are forthcoming.

The present licensing procedures ol the Department of
Industrial Works (IW) provides i comprehensive list of all industries
in the DPA and AJCR by process or product category and business
address. There is no current recuirement for listing process emissions.
The nature and detail of emission inventories for air quality manage-=
ment purposcs is given in a USEFA 4 volume report now on file in the
DEQS (Appendix 8). The DEQS is now compiling a list of all existing
point sources in Rayong Province from which a detailed emission inven-
tory can be made using the information and quidelines given in Appendix 8,

Ahn initial emission inventory guestionnaire could be prepared by DEQS
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for use by IW for all new industrics filling for permission to construct
and operate polluting enterprisces in the DPA‘or AQCR. Detailed invento-
ries could be subsequently preparcd by DiyS for purposes of evaluating
the adequacy of planned cumission controls and for recommrending the need
for additional criission restrictions. Thiz engineering evaluation shoula
be considered as a reciprocal service to IW in which the DEQS receives
data nccessary for the rmaintenancse of RTG air 'tuality standards and IW
receives data necessary to cnsurc installation of processes or controls

in compliance with R1G eir quality reouircments.

DEQS. is staffed and performs the many programs and activities
concerned with air quality mancgement. Since DEQS is concerned with
existing as well as new pollution sources, it is inportant that DEYS be
responsible for all basic wir guality information including the establish-
rent, evaluation and storage of source emission inventories and the

determination of air quality monitoring needs.

The staff is particularly well cquipped to evaluate the effect
of source emistions on air guality and the data gathered by DEQS should

be made available to DEIE for its preperation of EIA.

The DEQS hos c.. file an up~-to-date set of USEPAR emission
factors and rates for estimating emissions from designated industrial
processes and categeriesz ani from motor vehicles (Appendix 9). Soane of
the USEPA process and category cliilssion factors are likely applicable
to Thai conditions. The DEQS should determine the appropriate emission
rates for categories and fuels not given by USEPA; those USEPA factors
believed epplizable to Thai conditions should be validatcd. The
pbrocedures to be followed by the DEQS when using its stack sampling
equipment is given in the US Code of Federal Regulations (CFR)
(hppendix 10). Since stack emission sampling is ardous and time consu-

ming work, it is important that only priority sampling be undertaken.

The DEQS should develop a position on in-plant monituring and
reporting of selected emission sources and in-plant fuel quality and
use. Detailed procedures, methods, and reporting systems should be
specified, The proposed emission monitoring plan should incorporate
needs ¢f ONEE as well as other RTG agencies and should be officially

promulgated.
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Pecornmend

1) ol develop with IV an addition to the present IW licensing
form an item which describes specific grid site location in

addition to the business address now required.

2) ONEB develop a simplified, uniform, first-level emission
inventory questionnaire to be used as a supplement to the IW
licensing forr.. The form should endeavor to obtain estimated
emissions from creray development and process operations for
air pollutants for which there are 2%G ambient air quality
standards and recognized toxic or haiardous substances which

are to be vented to the atmosphere.

3) ONEB should develop @ plan to acquire motor vehicle
statistics necessary for the development of a vehicle emission
inventory as a f{irst requirement for the establishment of

motor vchicle emission ‘tardards.
3.2.3 local HMeteorology

There is no local mcteorology station in the DFA., One surface
meteorology reporting station, Rayong is within the proposed A(CR east
of Rayong municipality. The Rayeng weather station established in 1960
collects standard weather information, surface wind direction and velo-
city on a fixed interrupted time schdule. Data outputs from Rayony are
presently inadequate for air quality management purposes, but they
presumably could he upgraded tc neet AQM needs. The development of
basic industries in the DPA and the establi;hment of a worker's urban
community there calls for the location ot a local meteorological
station within the DPA complex to service the basic AQM revuirements as
well as to provide data for forecasting and operating an air pollution

episode action program.

The meteorological data recquirements should jprovide real-time
wind direction and velocity, temperaturc lapsc rateg, mixing depths, and
atmospheric stavility information. The nearness of the PRoyal Thai Navy
(RT}) synoptic weather scrvice in Sattahip suggests integration of their

forecast facility into the DPA wcather operatinns and air quality
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monitoring network. Given proper weather and air aguality information,
effective built-in industrial air pollution controls designed to meet
RIG ambient air quality standards could be assured through putting
into action any necessary intermittent controls called for during

periods of air stagnation.

The metcorological needs of the 22CR could be met by locally
qathered data using specified equipment on real-time and specified-
time schedules. A number of optionc may be developed to provide the
required meteorclogical information for predictive modelling. One
that appears feasible now consists of upgrading the present Rayong
station, establishing a metcorological statioh in the DPA at Map Ta
Phut as an operational responsiktility of PTT, and upgrading the
current DEQY Mobile Laboratory to provide tergperature lapse rates,
mixing heights, and aleft wind speed and direction data. PIT is
selected for their central position as gas supplier to DPA developments
and their recognized leadershij and professional capabilities. Since
stability classcs based on cloud cover are described for temperate and
more northern latitudces, and most predictive models used for AQM are
developed for climate zones experiencing 4 temperate zone seasons and
without monsoon periods, it is very important that meteorological data
be acquired for the DPA for purpouses of modelling and determining the
acceptability of integral cudssion control systems for th¢ planned DrFa

industries.
Recommend: :

1) DZQS expand its mobile air quality monitoring capability to
in include local metcorological parameters reqired for model-

ling and development of a data base suitable for transport

and dispersion monitoring of atmospheric chcmical reaction

systems. Acquired equigpemnt should include a tethered balloon

with sensors and detectors for ground rec:iver and recorder

of aloft conditions, such as pressure, temperature, time and

wind direction and velocity.

2) ONED negotiate with PTT for their installation and operation

of basic air quality monitering and meteorological parameters



as a coopcrative industrial program. The outputs should
serve as an integral part of ONEB's air gualitvy surveillance
resporgibility as well as the control center for operation
of the 2ir pollution episode management prograr.. Acoustical
radar togethcr with temperature and wind information may bLe
installed at PTT operations certer and mcke use of their

cormunicaticns tower or other elevated structures.
3.2.4 Local kir gmality

There are no local air quality data for the DFA or AQCR. Air
quality information should ke obtained by DEQS using thc recently comple~
ted mobile laboratory. Plans should be male to establsih an AQCR
monitoring network initially centerec in the DFi ior purposes of
securing information on air quality before there is significant indug-
trial development, for monitoring the effectiveness of the DBA pollu-~
tion control program, and for evaluating compliance with RIG air
Juality standards and consideration for their possible improvement,
suggestions on analysis and evaluation of air quality monitoring data

are given in Arpendices 11, 12 and 13,

Heasuring local air quality with DEQS mobile laboratory should
also consider validation of model output as well as selection of
prospective air quality nmonitoring notwork sites. It is important to
deterniine air quality levels in areas dusignated for housing indus~
triel workers and their families to make sure the cxrosure risk is
acceptable and that it does not Lecome an additional burden or insult
to the worker's occupational exposure risk. 1n cthis regard it appears
desireatle to request the industry to monitor air quality on the plant
site as well as on the housing sites they provide their workers. The
air quality monitoring sites should be established in accordance with
ONEE requirements including data submittal, and should iaclude real
time surface meteorological information appropriate for tracking glumes

and accountability for local health surveillance.

Recommend

1) DEQS start monitoring air quality in the DPA at selected

sites with particular reference to Nox' 502, and SPM near and
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away from present industrial activity. The sites must be
identified by grids. €O may ke measured as a marker for

plume tracking or arca tource detcction.

2) DEQS should cquip the nmobile laboratory ro make manual
samples for detcection and weasurcment of special air pollu-
tants such as HBCL, Clz, end certain HC, such as acetylenc,
low mwolecular wuight olefins and soue saturates. Chromnato-
graphic dcterminations for HC and VoC are preferred ana

e€asily adopted to space linitations of a mobile laboratory.
3.2.5 Adr fQuality Proedictive Model.

There are a viricty of stationary sourc: models from which
one appropriate to ttu gently rising ccastal nlzin .nay be chosen.
They range from single source, simple terrain, and short-term to muti-
Ple source, complex terrain, and long-term with and without accormoda-

tion of urban areas and atmospheric chemicel reactivity.

The applicability of various models to particulaer air
quality needs and data inputs required for use of particular models
are detailed in 2 USEPA publications on file in DEQS (Appendices 14
and 15)., One nf the simpler well tested cnes is the air guality
Display model (A,DM) which deals wih multiple sources and receptors
and produces annual averages for a described grid area. A single
emission source made up of a collection of as many as 19 colocated
stacks applicable to rura). and urban uneven, ,but not complex, terrain
is CRSTR, which has found some use in Thailand. An evaluation and
choice of preferred working models must consider not oniy available

data inputs but ~omputer services and programs.

Recommend :

1) DEQS staff evaluate avaiiable models in light of input
data capabilities and computer gervices and select one
which will accommudate a grid emission source inventory and
a ground level concentration output compatible with RTG
ambient air quality standards.
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RTG ambient air quelity standards.
3.2.6 Pollution Control Regulations.

Source emission limits, or source emission standards, are
designed to reduce air pollution levels to the desired ambient air
quality stated by the RTG air quality standards. Emission standards
arc usuvally derived frem process and cquipment technology and consi-
deration of air quality necds. Polluticn control regulations are the
formally promulgated descriptions of the required emission limits
with prescribed amounts rernitted to be released in a given volume
of effluent air. Regulations must be clearly written and include |
procedurcs fer quick, decisive, and effective enforcement. Emission
standards vary in stringency depending on expediency and need.

They may be called "best practical means", "reasonably available
control technclogy", "best available control technology", or "lowest
achievable emission rate”, all tcrms referring to increasingly
restrictive emission levels using higher, usually more efficient and

sophisticatcd control technologies,

The 5 industries planred for the DPEL typacally have environ-
mental pollution contrcls included as integral parts of their produc-
tion orocesses., These integral mitigation measures may be expected to
be adequate for meeting RTG air quality standards. None of the DPA
industries have submitted preduction unit jrans with estimated rates
of emissions; consequently the adequacy of proposed pollution controls
cannot be asseszed. kowever, a basis for assessing their adequacy is
provided by judging their offrativeness against USEF;. New Source
Performance Standards (Appendiix 10) and a 1982 USEPA compilation of
selected control technologies (Appendix 16). The choice of control
technologies is based on emission restrictions predicted by the air

quality simulation models.

The planned basic industrial complex at liap Ta Phut and
associated polluting industrics in the DPA arce expected to comply with
emission limits especially doeveloped for the & specified enterprises
and ancillary activities. Further unplanned industrial development in
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Map Ta Phut or in the immediate vicinity within the DPA may lead to
collective emissions exceeding the air quality standards. 1If this

kind of an uncontrolled growth situation is allowed it will then very
likely be necessary to impose new and more stringent emission standards

on existing air pollution sources at considerable cost,
Recommend :

1) ONE3 establish a control technology technical advisory
committee for thc purpose of analysis, evaluation, and
designation of control technologics and control systems
mecting emission standargd requirements for various categories

of commerce and industry.

2) ONEB publish reports documenting appropriate air pollution
control technologies and systems meeting emission standards
requirements together with information on their removal

efficienciec and operation and maintenance requirements.
3.2.7 Enforcement of Emission Standards.

Since air pollution control regulations are the central
driving force to reduce air pollution to acceptable air quality levels,
it is important that the emission standards be enforced. The enforce-~
ment process is a combination of activities all focused oﬁ compliance
with the requlations by the public, private enterprice and government.
Puvblic education is a key part of any enforcement or compliance
program. Once the public understards what is expected from the air
pollution control program and control authorities follow through on
public complaints, voluntary compliance, persuasion, and conciliation
will do much to enforce emission control regulations. Inspection of
industries by trained agency officials will disclose violations of
emission standards and illegal air pollution practices. Discovery of
violations requires prompt and proper action and appropriate abate-

ment and corrective action.

Both routine and unannounced plant inspections for compli-
ance with emission standards are useful in identifying violators and

assuring that air pollution control equipment is properly operated and
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maintained. Compliance can also be achieved by requiring selected
industries to report stipul-ted emissions on a regularized schedule.
Continuous source monitoring systems may -also be used for reporting
emissions (Appendix 17). Source monitors are also useful to in-plant

production personnel in following yprocess efficiencies.

CLA emphasizes that "adequatec environmental control faci-
lities-~" can be provided in Map Ta Phut. It certainly is true the
industrial waste water effluent facilities can be provided, It is
less clear that the operation, maintenance and inspection of air
pollution control facilities in PTT and the 5 basie industries can
be effectively achieved without an in-house, industry :ased air
pollution control unit and without a DPA-based air pollution enforce-
ment service. Inspection and compliance ./ith air pol lution control
regulations will become effective when trained personnel make
periodic inspections following established operating and reporting

rrocedures.

Recommen<

1) . DEQS incorpurate continuous air pollution source monito-
ring systems as integral components of ONEB designated

control technologies and systems.

2) OMEB rccommend contimuous air pollution source monitoring
systems as the measurement method for selected emission
standards and establish source test procedures for valida-

tion of installed continuous monitors.

3) OMEB preparc emission source inspection guidelines and
organize and offer specialized courses and on-the-job
training for industrial and govermment personnel responsible
for enforcing emission standards and in~plant air pollution

controls.

3.2.8 Evaluate and Revise Control Program

The AQM plan is julged a success if the desired air quality
is achieved. Air quality monitoring provides a continuous evaluation

of air quality trends as well as an appraisal of localized effects from
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particular sources. General and local air Juality changes give the
information needed to assess the adequacy of present emission
standards and regulations as well as prospective emission control
requirements. The choice of additicnal or reviscd emission restric-
tions and appropriate technology to meet them, or the choice of
intermittent controls to meet air pollution episodes, in turn are
based on information outputc £rom the predictive model and promulga-
tion of relevant control rcqulaticns.

Periodically, perhaps every 4 to 6 years, the air quality
monitoring data should be critically evaluated to make certain data
quality is acceptable, monitoring sites represent populations at
risk, and that the data are reported in a format useful for national
economic and social development planning. The periodic review should
algo assess the cost of the monitoring program and determine if
useful cost savings can be made through reduction in number of moni-
toring sites and personnel which may be more etfectively used else-

where in the air pollution control program.

Recommend :

1) DEQS adopt the WHO/GEMS air quality monitoring data
acquisition and report form and become an active collabo-

rator in the internatinnal program,

2) DEQS reassess the need to operate and maintain the
cureent 9 station fixed monitoring network and evaluate the
proséect of performing targeted air quality measurements
for particular populations at risk in market and shophouse
centers, heavily used pedestrian walkways, and densely

populated congested traffic ways.

4, GUIDELINES AND TASKS FOR AQM IMPLEMENTATION

The planned industrial development in the DPA provides a
unique opportunity to organize, staff, and operate a regional air
pellution contrel program in a designated AQCR. The AQM system has
been described in 3.1 and 3.2 The intent of the recommendations in

those sections is to stimulate interest and activity in putting the
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various elements of AQM into action and to start field activities in the
AQCR as soon as possiblc using current staff of ONEB, other RTG Agencies,
and engineers and scientists in regional cperating industries. The
following compilation of type and scope of activities 18 designed to
further implement AQM in the DPA and AQCR for the decade.,

4.1 Health, Environment, and Air Quality Surveillance

The activities described below are to be periodically performed
and the results ‘used to determine changes zttributable to industrial
development in the DPA and for comparisons with areas outside of the

DPA but within thc AQCR.
4.1.1 Health

© Establish and maintain a health status zensus for school
children in the DPA using provincial health facilities and
personnel,

o Establish and maintain a health status census for DPA adult
residents using existing out-vatient clinic and hospital
records.

o Periodically collect, analyse and evaluate DPA health
statistics and perform cohort comparisons with children and
adults outside the DPA and relate the findings to measured
air quality.

4.1..2 Environment

o Establish and nv.intain a census of agricultural crops in
the DPA,

o Periodically analyse and evaluate agricultural crop condi-
tion and productivity with particular attention to cassava,
rubber, and forests,

o0 Conduct similar studies in selected crop areas outside the
DPA but within the AQCZ2.

o Identify environmentally sensitive indicators and make
periodic status reports in vhich observations are related

to measured air quality.
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4.1.3 BRir Quality

o

Initiate mobile laboratory monitoring for SPM, SOZ' and Nox
on a reqularly scheduled bhasis and CO and 03 at selected
times at identified sites.

Develop a plan for a monitoring netwerk appropriate to the
needs of the RTC standards and establish sites by simula-
tion modellinqg.

DPA industries should actively participate in the monitoring
program and be responsible for reporting air quality in the
vicinity of their operations and in employee housing and
community center areas.

Special measuremencs should be made for selected HC and VOC,
Clz, and other compounds representing DPA industrial
activity as well as chemical analyses of SPM for toxic

substances and polynuclear organic compounds.

4.2 Meteorological Data for Modelling and Air Pollution

o

Episode Management

Establish a synoptic forecast system in conjunction with MD
and RTN capable of predicting the onset of air stagnation
periods, their prospective duration, and intensity,

Acquire detailed meteorological data for the operation of
the DPA pradictive model.

Formulate an emergency abatement and control program with
personnel evacuation procedures to becone operative during
air pollution episodes, industrial accidents, and chemical

spills.

4.3 Emission Inventory

o

Develop an emission inventory program which reports
emissions from existing and new industries in the DPA.
Initiate a second inventory program for area and motor
vehicle sources in the DPA,

Establish a third inventory program for stationary, motor

vehicles, and area sources in the AQCR.,
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4.4 Modelling

o Evaluate described predictive alr quality models and programs
suitable for DPA and AQCR use and select one compatable with

available computer services.

4,5 Emission Standards Development

0 Develop enission standards specifically tailored for the &

planned industrics taking tn to consideration:

Existing air quality

Collective emissions of the 5 industries
Ef{ectiveness of built-in integral control systems
Polluvion absorption capacity of the atmosphere
Future limitcd planned growth

Isolation of DPA in the AQCR

Compliance with RTG air quality standards

o Apply performance standards or reasonable control technology
to industrics planned for the AQCR.

0 Develop an cmission standards program for the AQCR in anti-
cipation of the need to control cmissions from existing

industries,

[b]

Devclopment of motor vehicle emission standards (see
Appendix 18) for the AQCR~now appears unnecessary. When
motor vchicle zmission standards are required, information

needs will include:

Comprehensive and valid vehicle population statistics
Engine capacities

Manufacturers design criteria for CO, HC and NOx
emissions

Representative Thal driving cycles

Determination of motor vehicle emissions from on the

road in-use vehicle

o Establish measurement methods to be used in conjunction with

source emission standarxds.



4.6 Control Technologies

©

Select control technologies consonant with emission standards
requirements,

Choice of appropriate control technologies should be drawn
from lists of available and demonstrated technologies and
control systems such as offered in Appendix 16, and those
recommended by ONEEB on advice of the Control Technology

Technical Advisory Committee,

4.7 Rules, Regqulations and Enforcement

Prepare rules and regulations which explicitly identify the

emission sources for which the emission standards and air pollution

controls have been developed,

(o)

Rules and regulations must provide for control personnel
access to the control facilities, authority to inspect and
perform necessary emission tests, procedures for enforcement,
and authority to prevent the use of cquipment in violation
of Regmlations.

Provide for recview of plans for all new industrial construc-
tion to make certain that provisions are made which ensure
cempliance with ectabiished emission limits and other air
pollution control requirements.

Establ?ﬁh an annual permit system authorizing operation of
facilities which meet the required source cmission controls
and denying permission to operate to those which fail.
Institute a source cmission monitoring and report system

in which industries submit scheduled accounting of their
emissions for review and action to air pollution control
officials.

Develop an information program to inform potential polluting
industries of clean air regulation requirements and complie

ance procedures.

4.8 Personnel and Facilities

Persornel arc required for the region and headquarters with
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facilities likewise divided. Personnel numbers are given in man years

and are exclusive of clerical and other support staff.
Regional perscnnel

0 Air quality and continuous source monitoring with concommi-
tant specific meteorological mecasurement 5
0 Emission source testing 3

O Emission inventory, pzrmits, inspection and enforece-

ment (exclusive of court action) 4
0 Air quality meteorology 4
o Data compilation and processing 3
o Surveillance 1
0 Administration, managcment, coordination and

program evaluation 2
Headquarters personnel
0 Standards development for air quality and emissions

from stationary and motor vehicle sources together

with mcasurement methods and control technologies

evaluation 2
0 Rules, regulations and permits 2
0 Modelling 2
o Surveillance 2
o Data processing, evaluation and reports 2
O Preparation of materials for public information

purposes 1
0 Headquarters administration 1

Regional Facilities

0 Laboratory and shop facilities for preparation of
standards, analysis of emission stack test samples, and
equipment calibration, conditioning, repair and
mainteneance.,

0 Equipment for air quality detection and measurement and
emission source monitoring for all pollutants for which

standards have been established,



© Gas chromatographs for specialized purpeses such as testing
for HC, Vbc, and hazardous pollutants.
6 Em'sulcen source testing equipnent.
0 Meteorolcgical equipment for operations performed in conjunc=
tion with mebile air cuality laboratory and ground stations.
Equipment is nccded for measureament of surface and
aloft wind dirzction, velocity, and turbulance;
temperature lapsce rates by fixed tower; temperature
lapse rates by tethered balloon with air to ground
electronic signalling; mixing heights by accoustical
‘radar; other facilities for detecting and reporting

air stability, cloud cover and radiation.

© Data processing cquipment for handling field generated data

and compatible with headquarters processing requirements.
Headquarters Facilities

© Data processing and computer services necessary for compi~
ling, storing and retrieving all generated field data and
suitable for input output requirements for modelling.,

© Computer programs and services as required for designated

personnel, facilities, and tasks.

4.9 Liason with Other RTG Agencies

Successful air quality management requires central leadersnip,
a closely knit working staff and collaborative assistance from private
and public organizations.and institutions. The AQM effort mugt be
focussed on air pollution control ip the DPA and AQCR. This means
that the central administration should be in the AQCR and that hecad-
quarters operations be dedicated to supporting the regional program.
The principal RTG agencies respcnsible for specific tasks in the AQM
System are ONEB, Industrial Works Department (IW) and Meteorological
Department (MD). Other agencies prcviding information necessary for
AOM include the provincial Public Health Department (PH), the Royal
Thai Navy (RTN), and the Petroleum Authcrity of Thailand (PTT). The
responsibilities of these organizations are recognized in the following

deccription of taskes integral to the AQM system.
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O ONEB

Air quality standard setting and surveillance to assure that
standards are met,

Modelling for selection of emission standards to meet air
quality needs,

Compilation of emission inventories for modelling regional
air quality.

Assessment of control technologies and systems,

o Iv
Approves the lccation and issues licenses for construction
and operation of industries.

Adopts and enforces emission standards.

o MD
Collects and publishes meteorological data required for
CNEB modelling, Provides synoptic and microscale forecasting
useful for air polluticn episode management. Additional

synoptic meteorological information is provided by RTIN,

O pH
Collects and compiles epidemiological health service
information,

o PTT

Provides information bagic to the compilation of DPA

emission inventory.

Liason will be provided by integrating these service functions
into a single unit under one administrator in the regional office.
Liason will occur because of the commonality of the task and the inter-
dependence of the groups using one anothers information and data input
for the purposes of air pollution control, For example, of the 22
regional personnel recommended in 4.8, it is proposed that 10 be
employees of ONEB, 8 be employees of IW, 3 of YD, and 1 of PH, in
keeping with the above described agency tasks,
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410 Tr.ining
ONEB should:

© Establish an environmental training center. The center
should offer short courses on subhjects regquired for air
quality management, Sce¢ Scctions 3.1 and 3.2 Some course
details, outlines and materials arc listed in Appendix 19,

o Develop a proposal for submittal to UNILO in support of
training for environmental protection and air pollution
control for cstationary and motor vchicle sources.

© Request the USAPCA Cormmittec on International Affairs to
supply training matecrials and instructors for AQM and
inspection, operation and maintenamce of air pollution
control equipment.

© Develop, through a Thal or ASEAN industrial or manufactu-
rers association, ~ hards-on practical training experience

for air pollution control equip.int operators,
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Figure 1. Rayong.~'Map Ta Plmt Development Planning Avéa.
(From Coopers and Lybrand Assoc. 6:7.2.1, 1982)
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Rayonqg Sattahip
1980 1981 198: 1980 1981 1982 % calm
W S W S W S W S W S w S |20 Yr. avg.

Jan NE 1.8 NE 2.4 N 4.8 N 5.2 23
Feb w 3.7 SwoL.4 s '3.2 S 6.5 15
Mar SW 3.9 W £.3 S 4.9 s 7.3 9
Apr SW 3.6 S 2,5 S 4.4 s 6.0 10
May SW 5.0 S 3.6 S 4.0 S 6.7 11
Jun SW 8.2 S¥ 9.1 w 5.8 S 7.3

Jul W 6.5 SW 11.4 S 5.9 sw 7.7

Aug 8.2 SW 10.1 SH 6.4 SW 6.5

Sept W 2.5 SW 6.4 S 3.4 SW 5.4 17
Oct E 1.3 4.6 s 1,7 N,5 2.2 N 4.6 4.2 24
Nov NE 2,1 1,9 N 1.3 N 3.8 N 5.0 4.8 18
Dec SWw 2.4 3.5 = - ~ - N 3,7 N 6.3 -- - - 15
W = prevailing wind directjon

S = mean wind z.ccd in uoig

Table 1, Comparative wind data for Rayong‘(Meteo. Dept. I. No., 48478) and
Sattahip (Meteo. Dept. 1. Nc.48477).



APPENDIX 1

John Middleton/NEB/17 Ix:cember 1982
To : Deputy Secretary General

Subject. : Eastern Scaboard (ESB) cverview relative to preparation of an
air quallty manucement plan for the lMap Ta Phut development

planning area.

INTRODUCTION

An extensive review of documentation (Appendix 1) relative to
the development of the ESB identifies the Rayong - Map Ta Phut zone as
an appropriate growth center and well suited for the development of
selected basic industries, rclated commercial activities, and agro-indus-

tries.

FINDINGS

The RTC rifth National Economic and Social Development Plan
(1982-1986) designates the 3 ESB Provinces of Chachoengsao, Chonburi,
and Rayong as a new growth center in accordance with the "e...8ystematic
decentralization of economic and inductrial activities to the regions."
In this context ESB",..will bccome a new industrial centre and another
major employment generator in the Central region.,.(and) also serve
the Northeast as a new gateway for its cxports.”. This Fifth policy
plan of decentralization attempts to adjust the economic structure
disperses incomk and cconomic activities to the provincial areas, and
invites "...cooperation of the private sectof in restructoring agricul-

ture, industry, energy, and in export drive."

The carget area covers about 123,750 rai (19,800 ha) and lies
beyond th¢ U Tapao Naval Airport, somewhat east of Ban Chang, follows the
coastline to include Rayong, and the inland arcas along Route 36 notth-
west to the forest reserve near Xhao Chom Hai (419 m). The land alopes
south and east from the ridge formed by Kao Khrok and Khao Chom Hai to
the coast and flood plains reaching the ¥hlong Yai (Rayong River). The
population of the arca in 1981 was 73,900, with 7,400 in Map Ta Phut and
37,300 in Rayong town.



The target area is served by road transport. Map Ta Phut is
located on National Highway Route 3. It may also be reached by Inter-
Regional National Highway Route 36, and Provincial Highway 3138, which
terminate in Rayong at Route 3 and by Secondary National Highways 331
and 332 which intersect with Route 3 West of Ban Chang. Average Daily
Traffic Flows for 1981 arc available for all but the short interconnec-
ting Route 332, Flow counts pertinent to Map Ta Phut have becn
extracted from Coopers and Lybrand Interim Report 5, Table 2.2 (b),
and presented in Appendix¢.These data show counts of 6122 on Route 3,
1883 on Route 36, and less than 1000 on Routes 331 and 3138. Heavy
trucks makes up 24 to 34 % of all traffic with the lowest persentage
on Boute 3 and highest on Route 331,

There are no general port facilities in the target area
other than for fishing vessels in the mouth ¢f the “Kilony rai,
Likewise, there are no rail or air transport facilities. The urban
englneering infrastruct.re in Rayong town is reportedly generally poor

and that in Map Ta Phut considerably worse.

Two very significant industries are now operating in the
Development Planning Area. The Petroleum Authority of Thailand (PTT)
is responsible for the operation and maintenance of the gas separation
plané in Map Ta Phut which processes and distributes natural gas
collected from gas fields located in the Gulf. Thai Petroleum Indus-
tries 2 to 3 km cast of Rayorig started up their _,0lyethylene bulk
pellet plant earlier in the month. The high pressure reaction system
is licensed from Uhde Co. and uscs imported ethylene delivered to PTY”
jetty facilities in cryogenic vessels. Other industrial enterprises

are located in the area but no listing is presently available.

Agriculture and fishing are important sectors of the regions
economy, although marine fisheries production remains in a period of
decline. Land for agricultural crop production in 1981 in the 3
Provinces used 5,525,000 rai of which 1,452,000 rai, or 26.3 %, were
in Rayong Province. Rayong produces rclatively little rice and few
vVegetables, but is a major producer of fruit and tree crops. Tree and

fruit crops occupy 463,000 rai of the cultivated land in Rayong, with



65 % of the land used for rubber, the dominant crop. {(at 65 %) The
remaining rxai are primarily planted to cocoiuts, 13 %, fruit tfees,
17 %, and pineapples, 4 %. The 80,000 rai of fruit trees in Rayong
are principally durian 41 %, mango, 22 %, and rambutan, 17 %.
Cassava is the dominant field crop using 80 % of the 785,000 rai
with sugar-cane occupying 18 %, groundnuts, maize, and miscellaneous

other crops use the remaining rai,

Forest recsources in the ESB Provinces have significantly
declined from 5,853 km® (42 % cover) in 1961 to 2,087 km® (15 %) in
1981. The most rapid destruction of forest arecas has occurred in
Rayong Province. There were 1,450 km2 of forest area in 1961,
covering about 42 % of the Province. 1In 1981 there were only 173 km2
remaining which lezves somewhat less than 4 % forest resource cover
for timber and wood fuel supplies, wildlife habitat, watershed protec-
tion, prevention of soil e¢rosion, reduction of siltation and climate

modification.

Livestock is an important part of the agricultural eccnomy
of the ESB. Cattle are raised in all 3 Provinces with 32.4 % of the
dressed meat and offal estimated to be produced in Rayong. Pigs are
raised in Rayong with most farmers having herds of less than 20,

Based on feedstuff consumption estimates, Rayong consumes no more

than 7 % and is considered 2 minocr ESB;pork producer. Fowl are raised
in limited numbers in Rayong and account for 2,7 % of the chicken and
less than 1 % of the duck meat, and 6.6 % of the chicken and 3.3 % of
the duck er¢s in the ESB.

I'isheries account for 10 % of the rural joko and 8 % of all
employment on the ESE providing work for about 60,000 fishermen, about
one-half of them in Rayong. The annual marine fish catch varied
greatly over the last 10 years with a low of 48,179 tons in 1975, a
high of 101,340 tons in 1977, and 82,984 tons in 1980. Fresh fish
catches have also varied from a low of 219 tons in 1975 and a high in
1980 of 3,206 tons. '

There are severcl summaries of climate and weather informa-

tion, all apparently kased on data from the Meteorological Department.



The weathér stations most frequently used for ESB environmental impact
reports are Chantaburi, Chonburi, and Sattahip, with infrequent reference
to Rayong. The summaries support the recognized alternating northeast
and southwest monsoon system with moderate winds, seasonal rainfall
differences and temperature and relative humidity variations. The 4 to
16 knot wind pattern in Sattahip show pereent wind direction frequenciles
of : N=15.2 NE= 4,9, E=0, SE =0, S = 31,8, SW = 33.6, W = 14.3,
and NwW

0. Winds of 17 to 27 knots are scmetimes observed, and accasio-
nal very short gusts exceed 27 knots from various directions. Limited
data are given on coastal tides and currents as well as wave and

current influence on s£ilt and sand transport.

The Fifth Plan explicitly deals with policy and formulation of
action plans for an environmental conservation program which is one of
3 subjects incorporated with agriculture restructuring and improvements
in efficiency of natural resources®' utilization. Conservation of natural
resources and the environment is viewed as a need to :1) prctect farmlands
from urban expansion and scil guality and prevent for 8Qil erosion; 2). provide
remedial) measures for environmental effects caused by construction of
dams and reservoirs, allocate water in main river basins to ensure suffi-
cient water to drain away polluted water and prevent salt water intru-
sion consistent with alleviéticn of flooding problems, and manage water
resources to avoid pollution damaging to agriculture and marine. life;
and 3) achieve restoration of 40 million rai of forest watershed in north
and northeast, conserve 15 of the i7 miliion rai of existing national

parks, and expand the present 21 wildlife conservation areas from 11.5

to 12.9 million rai.

The Fifth #lan gives considered and detailed attention to
"Conservation and Rehabilitation of knvironment" (pp.l&7-191) in the
Chapter dealing with "Population, Manpower, Moral and Environmental
Development Strategies". 1In this context,benvironmental problems
resulting from rapia population growth, uncrganized patterns of human
settlements, and use of inappropriate technologies in production proces-

ses have negative impacts on the well-being of rpeople, and further



deplecte the country's natural resources resulting in scrious environmental
imbalance. Poliution is cataloged in S categories: 1) Water pollution,

2) Air pollution, 3) Solid waste, 4) Noise, and 5) Toxic substances.

The air guality statement from "Conservation and Rehabilitation
of Environment" (b. 1s7) foliows : "(2) Air pollution is attributed
primarily to the emission of toxic substances from motor vehicles and
industrial factories in certain areas and at certain time periods. This
problmm is ¢xtremely cratical in the Bangkok tictropolitan Area. A recent
survey ca ‘ied out along traffic routes in the major business areas
showed the carbon monoxide averages of 30-4C milligrammes per cubic meter.”
A target for air quality improvuament is given (p. la8): "Accelerate the
¢Stablishment of an air quality monitoring system in the Bangkok metropolis
and control the air quality in urban centers ana industrial areas." A
further targct in conjunction with natural resources and off-shore
mining practices has rel evance to air quality"-hdopt a programme to conserve
the ecological system and control the utilization of resources in Songkhla

Lake, the sea of Phuket Phang-nga and the Eastern Seaboard."

Development measures the Fifth Plan identified for controlling
Environmental pollution include c¢ffective systems for monitoring and
controlling government and private sector activities concerned with solving
environmental problems, usc of toewn-planning ana fiscal-monetary measures
to prevent the spread of urban arcas into agricultural zones, and designa-
tion of areas where environmental quality will be contrclled. Considerable
emphasis is also placed on the valuc of creating environmental units in
appropriate govermment agencies, wstablishing public education
programs, promulgatior of laws neexed to réquire participation of the
private sector in preventing and solving environmental problems, as well
as improving and revising existing laws to me=t environmental standards
related to land use, town planning buidding permits, sanitation, traffic
congestion, and land holding. The measures iaentified also call, for
environment curricula in the multi;tiered education system, as well as for
short-term specialized training, and a broad range of research tasks and

a system for environmental surveillance.



Envirommental quality management for the target arca on the
ESHB is described in varying detail in most ESB reports. A general
statement is made in the Fifth Plan : "A research study will be under-
taken to determine measures, preconditions, and projects necessary for
the control of environmental poilution which may stem from the growth
of industrial activities." Coopers and Lybrand associates present a
more focused view beginning with the value of open space and landscaping
to produce a better urban eavironment as well as urban woodlands for
recreation. They propose an ESB monitoring systém to be executed by
NEB fr the continuous surveiliance of sensitive resources and for

assuring environmental quality goals and standards are met.

2ir pollution is recognized as an inevitable component of
the planned Map Ta Phut “heavy industry, polluting industry and construc-
tion materials’ center. Five concerns voiced by ES3 citizens ~rce
degradation of beaches, o0il spills, serious disruption of marine ecosys-
tems, new slums without proper sanitation facilitics, serious air pollu-

tion probiems.

Coopers and Lybrand Associates report the wastes from all
industries planned for Map Ta Phut "...can be readily managed by
alternative plans" which include available and affordable process
control systems. They also point out the practicality cE controliing
air pollutants from a limited number of major industries and the diffi~
culties of controls from numerous homes, commercial establishments,

shops, and motor wvehicles.

Control of adverse impacts from industrial air pol ution in
the Map Ta Phut ESB development are expected to bec most effective if
proper process controls are built into and become an integral part of
the design, construction. operation, and maintenance of the industrial
enterprise. This key concept {or environmental protection is advanced
and well documented in ESB Planning Project, Final Report, Section on
Environmental Analysis prepared by Dr. Harvey F. Ludwig. Effectiveness

of the concept is supported by observations of the Esso refinery in



Siracha where air pollution control systems are an integral part of in-
plant operations and air cuality is in compliance with environmental
controls required by the international Gorporation. The report also
states that some of the planned industries at Map Ta Phut, particularly
fertilizer and petrochemical vrterprises, can cause sericus air pollu-
tion unless available and affordable c¢mission controls are included

as arn integral part of the process at time of construction. Local
meteorology and the usc cf air quality simulation irodels adapted to L3B
reqgional air quality requirements are regorted to be useful in the
choice rf cmission rates appropriate to the protection of the general
public hcalth and that of workers and tneir families located in the

neighborhood of the industrial sites.

There are several industry reports which discuss some of the
industrial processes likely to be used in the ESL and the Map Ta Phut
site. These reports typically identify the pollutants to be generated
and means for their control. The United States Steel-UEC report prepa-
red for thc Miniztry of Industry is an example of one in which air
polluticn control techniques and proccss control systems are presented.
These presentacions sometimes 4o not give air pollution control techno-
logies becausc a specific process lLias not heen proposed, and an
appropriate specific control technclogy cannot be described. Extensive
information for the control of cmissicns from all the majer catego-
ries of industry is available from govirnment as well as industrial
trade associations thug providing a choice of controls at acceptable

capital and operating costs.

Implications of Overview Findings

Preparation of an air quality management plan for the Map
Ta Phut-Rayong dcvelopment planning area (DPA) relies upon reasonable
estimates of categories and production sizes fLor planned basic,
smaller polluting industry, and construction materials manufacture. The
categories planned at Map Ta Phut include gas related industries, a

petrochemical complex, including olefin separation, vinyl chloride

110



monomer, chemical fertilizer, soda ash, and methanol production units.
No sizing or production o.utput units are given although transportation
and utility sizing nceds are prescnted. The worker and housing unit
requircments are listed and zrea source poliution values may ke derived.,
Weathcr data for wumission transport and dispersion are meager at best
and appear inadequate for devclopment of a reqgional air quality model.
Ambient air quality and emission ratc source data do not appear in any
reports and the available environmental impact evaluations, while
qualitatively uscful, have no quantitative value for critical environ-
mental impact analysis. Motor vehicle transportation information
proviaevs reasonable traffic estimates which may be converted to motor

vehicle poliution unit.

The cverview does give an excellent description of catego-
ries and location of potential air pollution receptors. This data base
may permit assessment of receptor sensitivity to selected industry and
urban produced air pollutants and their direct and indirect impact on

people, property, agriculture, fisheries, and various ecosystems.

The data resources determined from the overview are
valuable in defining the study parameters, scope of tasks, personnel
requirements, and idenfifying environmental protection needs as well as
Thai agencies authorized to dcal with them in an integrated program

with NEB.

Implicated Tasks

- A spatial emission inventcry for existing air pollution
sources:
1) point sources by process categories
2) area sources
(a) urban housing
(b) motor vehicles
i)} benzin
ii) diesel

(c) agricultural waste burning



Develop a realistic emission inventory for planned point

and arca sources.

Detailed meteorology for Map Ta Phut - Rayong DPA by month

oY season.

Prepare éxample point emission trajectories.

Receptor category sensitivity to selected pollutants:

1) Urban population by age groups

2) Occurrence and distribution of 10 WHO most prevalent
discases and angina pectoris,

3) Economically importont agricultural crops and livestock.

4) Fisheries responsec to discharge of sclid or liguid waste
collected emissions.

Define information and duta requirements for the determinas

tion of categories and their location for present and

prospective targets at risk.

Estimate levels of control technology sufficient to

eliminate risk to the public health, agriculture, ecosys-

tems, and the environment,

Evualuate the prospect of availeble control practices

meeting estimated levels of control technology.

Outline control stratcgy options and reguirements for

ambient 2ir queality and emission monitoring and surveillance.
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Appendix 1. Information Sources Used for 17 December 1982

NewsEaEar

.*" Eastern Seaboard Deveiopment Plan”. Bangkok Post (August 6,
1982) :5

. " Eastern Seaboard Development Plan (Day 2)! Bangkok Post
(husgust 7, 1332) :7

. " Laem Chabang Project". Bangkok Post (November 25, 1982):1

Sheet
Black & Veatch International consulting Engineers. "Air Quality Study".

Electricity Generating Authority of Thailand Bang Pakong

Thermal Plent 1982 : 9 pp.

Department of Mineral Resources. Petroleum Activities in Thailand 1982 :

8 pp. Ludwig, Harvey F., "Section on Environmental Analysis. ESB Draft

Final Report

(August 20, 1982) : 22 pp., 2 Annexes

PESCOD and others. Environmental Background Survey in Chonburi Province

(1975)

Dr. Savit howihok. All set for Eastern Seaboard Plan to take off (July
23, 1982) : 4 pp.

Dr. Thongchat Hongladaromp. The Future of Petrochemical Industry in
Thailand' (October 26, 1982): 11 pp.

Folder

Electricity Generating Authority of Thailand. "Bang .Pakong Fuel

Treatment System". Bang Pakong Plant Project (May 1982)

Electricity Generating Authority of Thailand. "Bang Pakong Thermal Power
Plant (4 x 550 MW)". Bang Pakong Plant Project {May 1982}

Electricity Generating Authority of Thailand. "Bang Pakong Combined
Cycle Power Plant (2 x 360 MW)“. Bang Pakong Plant Project
(May 1982)




Text

Chulalongkorn University & Pztroleum Authority of Thailand. "Roles of
Petrochemical Engineering And Natural Gas and Petrochemical

Industries". Seuninar Proceeding (February 4-5, 1982)

Coupers & Lybrand associates, Maunsell Consultants, Sindhu Pulsirivong
& associates and Huszar Brammah & associates. "Main Voiume",

Interim Report, I (July 1582)

°43

Coopers Lybrand associates, Maunscll Consultants, Sindhu Pulsirivong
& associatus and Huszar Brammah & associates. "Agriculture

and other Primary Scctors' Interim Report, II (July 1982)

Coopers & Lybrand associates, Maunsell Consultunts, Sindhu Pulsirivong
& associates and Huszar Brammah & associates. "Industry

Tourism other Basic Activitic Employment". Interim Report,

III (July 1982)

&

Coopers Lybrand associates, Maunsell Consultants, Sindhu Pulsirivong
& & Aassociates and Huszar Brammah & associates. "Transport

Water and Utilities". Interrim Report, V (July 1982)

4]

Coopers & Lybrand associates, Maunsell Consultants, Sindhu Pulsirivong
& associates and Huszar Brammah & associates. "Urban

Development"”. Interim Report, VI (July 1922)

Eastern Seapoard Basic Industries Development Sub-Committee. Study on

Eastern Seaboard Basic Industries and Deep-Sea Port Develop-

ment. (April 1981)

Electricity Generating Authority of Thailand. Power For Progress.

{February 1982)

Japan International Cooperation Agency. "Ethylenc and Vinyl Chloride
Monomer Plants in the Kingdom of Thailand. Feasibility
Study keport, I (April 1981)

Japan International Cooperation Agency. "Ethylene and Vinyl Chloride
Monomer Plants in the Kingdom of Thailand?! Feasibility
Study Report, II (April 1981) Japan International (oopera-

A
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Japan International Cooperation Agency. "Ethylene and Vinyl Chloride
Monomer Plants in the Kingdom of Thailand" Feasibility
Study Report, III (April 198l)

Kasem Snidvongs. "Environmentalism and the Eastern Scaboard".

Environment, (September 1982): 87 - 92

Ministry of Industry Kingdom of Thailand. Site Selection Study for

Iron, Stesl and Fertilizer Complex, (Septerber 1980)

Office of the National EnvironmentaBoard. “"The Eastern Seaboard
Regional Environmental Management Planning Project®,

Terms of Referencec. (September 1982)

Office of the Prime Minister. 7The Fifth Mational Economic And Social

Development Plan 1982-1986, (October 1981) : 10-69

Petroleum Autherity of Thailand. Three years of Achievement. (1982);:
88 pp. 3 Appendix



Average Daily Trafiic Flows in the £S8 Map Ta Phut Target Area,

1931. (From Coopars and Lybrand aAssociates, ecitracted from

Appendix 2.

1961)

Traffic Voluses and Flow Mavs,

\
-~
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- 13
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2

Khao

rRoute 35, 136

Yalkaeo~-Rayonyg

Route 331, 2351
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Route J153, MM

Ban xhai-Hui Chuat
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2xciusive of motor

Taxi
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1420
1160
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150
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866

23.38
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AFTENDIXN 2

CEOS Ewissior. Inventory Questionnaire
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APPEIDIX 3
RTG Air Quality Standards
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APFENDIX 4

RTG Measurement Methods for air (uality Standards
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HPPENDIX 5

Cormments on Adequacy of Data for Air Quality Assessment

To : Sirithan Boribtoon
Subject : Comments on Esso Sriracha Refinery letter and Documentation of

14 Decenber 1982 and Environmental Impact Statement,

The following comments are made in response to your interest
in the SO2 data supplied you by Esso Standard Thailand Ltd. as given in
their letter, attachments, and Environmental Impact Statement. The ppm
SO2 is given for v stations representing & locations, due to the abandon-
ment of the original location for stations f#f 4 and # 6 and their relocation
in Ban Leem Chabang (#4) ana about 2.5 km cast of the refinery (#6)

where they are staced to be located ~r maximum SO. ground level concentra

2
tions,

SO2 is determined by lead peroxide candles (Pboz) and reported
as ppm 802 on a monthly basis. No ctatistical analyses are performed and
the data are not summarized or reported in terms of published ONFB ambient
air quality standards and measurement methods., ONEB 502 ambient air
quality standards are expressed for 2 averaging times, <44 hours, and 1
year. The measurcment method is by pararosaniline. The cquivalency of
PbO2 to the pararosanilihe method for S0 dctermination has not been

2

stated; conseguently no statement of compliance with soz standards can be

made.

It appears that Esso has provided you air quality information
in good faith and r-ay not be aware of accepted air quality measurement

and reporting procedures.

For purposes of discussion only assume Pb02 is eguivalent to
the standard reference method (pararosaniline). In fact it is not equi~-
valent Esso data is available only for 10 months at 4 stations (1,2,3
and 5), 7 months at 1 (4a), ¢ months at 1 (6a), and 3 months at 2 (4b

and 6b). (Incidentally, under no conditions should a numbering system



transfer established numbered sites to another location). It is possible
to estimate a yearly average for stations 1,2,3 mand 5, but not for 4 and
©. The method used to convert the original gravimetric data to pph is
not given. Assuming it was correctly done, the values in mg/m3 for the
10 month repert periods are 0.010; 0.019, 0.016; and 0.008. All of

these values are a factor of lOml bulow the not to be exceedec 0.10 mg/m3
1 ycar average valuc. The values suggest they may represent a single air
quality pepulation, e<cept possikly the utilities aggregete. an analysis
of 19bi ar+ 19/ cata may rceveal location differences. They certainly
are not obvious by inspection. The absence of informaticn on the varia-
bility of PbO2 analyscs for un«xposed candles as checks against laboratory
and exposurc procedures makes cvaluation of even the PbO2 data difficult

and the results suspect.

In any ¢vent, while the 10 month averages may be instructive
as cstimates of annual valucs, they cannot be used to measure compliance
with the 24 hour standard. Compliance with 1 year averages does not in
itself assurc compliancc with the 24 hour average especially in the case
of Pbo2 papers which themsdves "average out” fluctuations in SOZ'
Estimates of compliance with the ONEB 24 hour ambient air quality can

only be made by analysis of 24 hour measurcments using accepted procedures.

There is no weather or modelling information from which an
independenﬁjudgement can be made relative to the statement that current
stetions # 4 and # & are located in the area of maximum concentration at

ground level.

The "4.2 Ambient Air guality Control and Data" section of the

EIS was reviewed and there are several points that you may wish to consi-
der in your evaluation of their submittal for modification of the present

refinery.

1. Teem 4.2 reports SC2 to be the only pollutant emitted.
ko crnsideration is given to the emission of nitrogen
oxides (Nox) and no account offered of the prospect of
their combustion sources complying with ONEB ambient air

quality standard for nitrogen dioxide (NOZ)' For instance

M



are they to use low NOxfurnaces in the modified plants?

The statement is made that SO_ levels will be controlled
r'4

by monitoring with PbO2 candles but no explanation of the

effectiveness of this control process is made.

2. There isnno acccunt in 4.2 (b) of the combustion products
resulting fror the i{lare system nor of their ultimate

dispersinn and deposit.

3. The incinerator ir 4.2 (c) is used to burn fumes which may
contain nitrogenous and sulfurous compounds and yet no
description is made of the waste gas stream and no

emission estimates are given.

4. The cata in Takle 1 wentioned in 4.2 (d) report existing
levels of 502 to be 0.20 mg/m3 at 24 hour average. 1Is there
data to support this figure? The same 4.2 (d) says”...We

erxpect minor increases in SO, ppm in the ambient air..."but

that is not uniformally repjesented in Table 1. The values
used are not in conformity with data in the letter. The
qualitative statement is unsatisfactcry and a quantitative
accounting should be made. P "Standard Limit” is given in
Table 1 for NQ, There is no ONED ambient air quality standard
for uox. No {nformation is given for "Exigting" nglevels,
yet the Industrial Hygiene Survey reports 0.2 ppm hoz. Is

the N02 vented, if so what is the fate of contaminants in

the cxhaust strean?

The air quality _portion of this EIS is not substantive, poorly
presented, and generally unsatisfactory. If this EIS is at all
representative of the quality of reports you receive on air quality it
becomes important for the submitting organization to adopt an acceptable
protocol, have a set of guidelines on terms of reference, follow
estavlisned precedent in pollutants to be considered, units and measure-
ment methods to be employed, and some ordered reporting system which

may include receptors at risk and arcas of expected impact.

It may be possible to offer you assistance in this general area
with the prospect of your receiving substantive reports covering essential

subject matter.

John T. Middleton //



APPENDIX &
Motor Vehicle air Pollution - Bangkbk

John Middleton/ONE2/18 March 1982
TO : Deputy Secretary General
Subject : Motor Vehicle Air Pollution; Control Options.

Introduction

Motor vehicles are important sources of air pollution in
Metropolitan Bangkok. Motor vehicle emissions are responsible for elevated
level of carbon monoxide (CO) and particulate lead (Pb) in roadways,
streets, traffic intersections, and parking areas. 1In addition to CO and
Pb, motor vehicles may be important emission sources for hydrocarbons (HC)
and nitrogen oxides (Nox) which react in the atmosphere to produce ozone
(O ) and nitrogen dioxide (NO ). Hotor vehicles also emit some su.spended
partlculate matter (SPM) in addltlon to Pb and some sulfur dioxide (SO )

from the sulfur in benzine and diesel fuel.

Motor Vehicle Pollution Sources

CO, Pb, HC, and NOx are emitted from benzine engine exhaust.
HC is also emitted from benzine engine crankcase, carburettor, and the
fuel supply system. SPM and 502 are emitted from fuel combustion in
benzine engines. With the exception of Pb and 502, the same pollutants
from the same sources are emitted by LPG engines. Diesel engines usually
enit less pollution per liter of fucl than benzine engines except for
SPM and 502. The total amount of emissions from benzine, diesel, or LPG
engines, hewever, is not only a function of the number of motor vehicles,
but of their size, age, and operating condition, driving cycle, and

distance travelled.

Air Quality Control Strategy

The ONEB has adopted ambient air quality standards for clean air

protective of the public health and environment. The control strategy



requires that emission scurccs be controclled to the extent necessary to
comply with the air quality standards established for CC, Pb, N02 03,
502, and SPM. The amount of contrcl needed de¢pends on the current
measured air quality and the predicted caditional emission sources to
be established within specificd years, such as those published by the
National Economic and Socicl Development Plans. Priorities for control
actions are bascd on current air quality and their hcalth effects and
special knowledge on expected air quality trends. The levels of CO and
Pb in Bangkok are very much likc those of large cities in Asia, Europe
and America. Control of emissions from new and in-use benzine and
dicsel vehicles, restrictions on lezd antiknock compound in benzine, used
in some other countries with serious motor vehicle problems pcovides an

accepted and practical way of restoring clean air in Baugkok,

Motor Vehicle Emissions

The estimation of current and future Bangkok motor vehicle
cmissions roquires a considerable amount of additional information.
Statistics are needed on the current and projected nunber cof buses, cars,
motorcycles, taxis, and trucks, as well as their size and kind of fuel
us@d. Information on the average driving cycle modifies the emissions
by considering age of the motor vehicles, speed and distance travelled,
percentage of cold or hot engine operation, and some other environmental
and operating factors. CO, HC, ond NOx estimations can be made from such
a data base and using emission factors and correction constants for
speed, hot and cold operations, and corrections for vehicle age as a

function of km driven.

A search for motor vehicle statistics uscful for estimating
motor vehicle emissions yielded mixed results on numbers of vehicles,
scme data on age and fuel types, and little or nothing on vehicle opera-
tions including driving cycles and ,distances travelled by vehicle age.
Unlike the ONEB data for idle éo ar.d HC measured from random cars and
motorcycles which shows no difference in CO emissions by age, idle

rpm, Or cngine capacity, emissions of CO, HC, and NOx are known to vary

i\



during an average driving cycle which consists of many modes including
idle and transient states and to be significantly influenced by vehicle,

age, distance travelled, speed- and percentage hot and cold operation.

The total number of vehicles in Thailand in 1980 was
reported as 1,520,566 of which about 37 % were in Bangkok. Another
government estimated showed Bangkok in 1980 to have 638,691 vehicles,
or about 41 % of the country total. The annual increase in numbers of
motor vehicles in Bangkok from 1980 to 1981 may be either 14 % or 22 %
The 5 year increase from 1975 to 1980 may be either 34 % or 42 %
depending upon the data used. The number of motor vehicles in Bangkok in

1979 and 1980 from one government source are shown below:

Bangkok

1979 1980
Bus 12,884 301
Car 270,167 279,092
Motorcycle 136,246 172,008
Taxi 14,681 14,736
Truck 85,245 56,653
Other 27,006 28,745

e

Total 246,249 371,535

STTrT—————

A comparison of these Bangkok motor vehicle statistics for
1979 and 1980 niakes the 1980 data suspect because the bus fiqures are
about 40 times lower than 1979, and the truck figures are low by about

1.5 times.

A 1980 WHO/UNEP report presents 1979 motor vehicle statistics
for all provinces in Thailand and gives vehicle classes, age structure,
and fuel use. A summary of the RTG and WHO/UNEP 1979 data follows:

=



Bangkok (RTG) Thailand (WHO/UNEP)

Hunboer Percent Number Percent
Bus 12,864 2.4 35,000 2.4
Car 270,167 49,5 373,000 25.0
Motorcycle 135,266 24,9 702,000 48,0
Taxi 14,581 2,7 ¥ -
Truck 85, 245 15.6 352,000" * 24.0
Other 27,0006 4.9 8,000 0.5
Total 546,249 100 1,470,000 100

* No data given

** Includec trailers

The total number of Thailand 1979 motor vehicles is about
17 % smaller than the total given for RIG all provinces in the statistics
used for total number of 1979 Bangkok motor vehicles. The WHO/UNEP
data report 74 % of the vehicles use benzine and 26 % diesel fuel.
There¢ are no data for LPG. Motor vehicles are classified as 72 % private
and 28 % tommercial, the latter divided into vehicles weighing less than
3.5 tonnes (20 %) and thosc 3.5 tonnes or more (8 %). The Thailand motor
vehicles are separated into 3 age groups : 27 4 are reported to be less
than 5 years old, 29 % are between 5 and 10 years, and 44 % are 10 years

and older. These vehicle age date suggest the median age to be 9 years,

An estimate of 1979 Bangkok motor vehicle emissions was made
using KIG statistics for 10 motor vehicle categories. The estimates use
US EPA emission factors for pre-controlied internal combustion engine
sources (i.e., without air pollution control systems). The emicsion
estimates do not take into account the variation in emissions due to mixed
ages of vehicles in the Bangkok motor vehicle population. A number of
Oother «rrors in the estimates nay be attributed to average speed of
vehicles, the numbwa of hot and cold enginc operations, air temperature,
and fuel quality. These several features influence the quantity of

emissions. TFor eéxample, the emission factors used consider the average



speed to be 31.6 km/hr. However, if the average speed is decreased from
31.6 to 8 km/hr the CO emissions will increasc by a factor of 2.7.HC,
for example, would increase by a factor of 2.5, and NOx by 1.05 &a
reduction in average vehicle speed from 31.6 to 16 km/hr increases CO
emissions by a factor of 1.57, HC by 1.45, and Nox by 1.03 There are
no Bangkok statistics of kr travelled per day for any of the 10 vehicle
categories considered. The km values used are valued staff estimates.
The vehicle age mix in Bangkok is different than that used for US EPA
emission factor estimates. For instance, US vehicle populations under
5 years represent about 39 % of the total, while in Bangkok the popula
tion under 5 years is estimated to be 27 %, In the US about 49 % are 5
to 10 years old while in Bangkck 29 % are 5 to 10 years old, 1In the
US 12 % about are over 10 years while in Bangkok 44 % are over 10 years
old. Since vehicle eﬁissions are a function of age and distance
travelled, the age of the population and the distance travelled by age

group influences total vehicular emissions.

Available motor vehicle statistics are inadequate for the
preparation of a detailed cmission inventory of present and projected
populations. They are adequate, however, for estimating emissions for
quantitative comparison among the 10 vehicle categories and evaluation

of motor vechicle emission control options.

Estimated Motor vehicle Emissions - Bangkok 1979

Bus - heavy duty vehicle (HDV), diesel

n = 12,884 km = 45
Pollutant Emission Factor Tonnes/km Tonnes/da -
co 13.2 0.17 24
HC 2.5 0.03 4
Nox 13.4 0.17 24
502 1.7 0.02
SPH 0.81 0.01 1
Car - light duty vehicle (LDV), benzine
n = 243,151 km = 50



Pollutant Emission Factor
Cco 55.9
HC exhaust 5.35
crankcase 2.50
evaporaticn 1.57
9.42
NO 2.13
b
Car -~ LDV, LPG
n = 27,016 km = 50
Pollutant ¥mission Factor
Co 6.8
HC 1.1
NO 2.0
X

Motorcycle - 2 - stroke
n = 95,386

Pollutant Emission Factor
co 17
HC exhaust 9.9
crankcase: 0
evaporation 0.36
10.26
Nox 2.13

Hotorcycie - 4 - stroke
n ==40,880

km = 100

km = 100

Pollutant Lmission Factor
co 20
HC exhaust 1.8"
crankcase 0.37
evaporation 0.22
2.39
NOx 0..5
Taxi - benzine
n = 734 km = 500
Pollutant EmissionsFactor
CO 55.9

lonnes/km Tonnes/day
i3.6 680
1.3 65
0.6 30"
0.4 19
2.3 114
0.5 26
Tonnes/km Tonnes/day
0.18 9
0.03 1
0.05
Tonnes/km Tonnes/day
1.6 162
0.9 94
0 0
0,03 3
.0.93 97
0.5 26
Tonnes/km Tonnes/day
0.8 82
0.07 7
0.01 1
0.01 1
0.10 9
0.0l 1
Tonnes/km Tonnes/day (D)
0.04 20



9,4 0.01 3
HC .
X
Taxi - LPG
n = 13,947 kn = 500
Pollutant Emission Factor Tonnes/km Tonnes/day
Co 6.8 0.1 47
HC 1.1 0.01 8
Nox 2.0 0.03 14
Trucks - LDV, benzine, not more than 3.5 tonnes
n = 27,534 km = 100
Pollutant Emission Factor Tonnes/km Tonnes/dax
co 77.6 2.14 214
HC exhaust 10.6
crankcase 2.9
evaporation 2.2
15.7 0.43 43
NO 2.6 0.07 7
x
Trucks - LDV, diesel, not more than 3.5 tonnes
n = 44,924 xm = 100
Pollutant Emission Factor Tonnes/km Tonnes/day
co 1.1 0.05 5
HC 0.29 0.01 1
NO 0.99 0.04 4
SO2 0.34 0.01 1
SPM 0.45 0.02 2
Trucks - HDV, diesel, 3.5 tonnes and more
n = 12,787 km = 45
Pollutant Emission Factor Tonnes/km Tonnes/day
co 17.8 0.23 10
HC 2.9 0.04
Nox 13.0 .0.17

o



Pollutant Emission Factor Tonnes/km Tonnes/day
SO2 1.7 0.02 1
SPM , 0.81 0.01 0

Tctal emissions in tonnes/day for 10 motor vehicle categories

€ HC NO so, seM
Bus - diesel 24 4 24 3 1
‘Car - benzine 680 114 26
Car - LPG 9 1 3
Motorcycle - 2 stroke 162 98 1
Motorcycle - 4 stroke B2 10 1
Taxi - benzine 20 3 |
Taxi -- LPG 47 3 14
Truck - LIV benzine 214 43 7
Truck - LDV diesel 5 1 4 1 2
Truck = HDV diesel 10 2‘ 8 1 0
Total 1253 284 89 5 3

Motor Vehicle Emission Control Strategy

Control of motor vehicle-created air pollution usually requires
consideration of controls for new and in-use vehicles and regulation of
fuel quality. ONEB has e¢stablished a benzine motor vehicle emission
standard for CO at engine idle of no more than 6.0 % determined from the
average of 2 successive readings by NDIR. A black smoke standard for
diesel exhaust has been set at 40 Bosch units and measured in a

prescribed way.



Random samples of Bangkok benzine cars have shown about one-half
of them to exceed 6 CO %. ONEB has also shown that idle €0 % from those
vehicles is apparently independent of age, engine capacity, and variations
in idle rpm. Experience suggests that idle CO % from benzine vehicles
usually increases with vehicle age. It is possible that uniformity in CO %
measurements with age is a function of enginc maintonance Future CO %
emission measurements should attempt to clarify age; engine condition, km,
etc., effects. Differences in CO % due to age, engine, and driving cycle
variables may be easily detected by measuring emissions when the vehicle is
exercised on a chassis dynamometer. These same differences may not be

detected by the simplified idle, measurement system.

About 70 % of Thai vehicles are 5 yecars or older compared with
about 60 % in the USA. 1In Thailand about 30 % of all vehicles are 5 to
10 years old and about 40 % are over 10 years. In the USA about 50 % are
5 to 10 years and about 10 % are over 10 years old. This means that about
30 % of Thai vehicle are less than 5 years while about 40 % of USA vehicles
ar¢ under 5 years old. While the age of USA vehicles used here is compro-
mised by associating age with annual distence travelled (1 year old cars
travel about as far as 6 year old ones, but 4 year old cars travel twice
the distance as 10 year old ones). The data suggest that CO control from
new vehicles for 5 successive years in Thailand would have a smaller
impact on CO air quality than the same level of control in the USA. 1In
turn, this suggests CO control of in-ucge cars in Thailand may be the best
first control step if followed with CO coatrols on new vehicles. The Thai
CO control program should be scheduled for immediate short-term improvement
in air quality supported by reduced emissions from controls on new vehicles
for the long--term as replacement vehicles for the aging population and
compensation for projected increases in the motor vehicle population. An
equally important rcason for starting CO controls on new vehicles is the
introduction of engine and carburettor systems which providc better
controlled air, fuel, and ignition systems which remain within manufacturers
specifications longer and are less likely to be thrown out of adjustment by
tampering and unskilled mechanics. A further reason for introducing
cortrols on new cars is the establishment by the manufacturer of a specified

CO design for later compliance by in-use vehicles,

B
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The introduction of CO controls on new motor vehicles provides
an opportunity to also control HC and NOx emissions and regulate benzine

road octane number and reduce Ph.

CO Control for In-Use Vehicles

The CO motor vehicle emission estimates for Bangkok, using 1979

data and staff estimates for vehicle uses are summarized below :

Category EEEEEEZQEXT Percent
Bus - diesel 24 2
Car - benzine 680 54
Car - LPG 9 1
Motorcycle - 2 stroke 162 13
Motorcycle ~ 4 stroke 82 6
Taxi - benzine 20
Taxi - LPG 47 4
Truck- LDV benzine 214 17
Truck- LDV diesel 5 o
Truck- HDV Aiesel 10 1
Total 1253

* Rounded off to the nearest whole number.

The CO vehicle emission sources by fuel type show :

Fuel CO tonnes/day Percent
Benzine L1586 92
Diesel 39 3
LPG 56 5

Total 1253

These estimates suggest the greatest reductipn in CO emissions
will come from controls for benzine-fuelled cars, motor cycleg and light
duty trucks. Actual reductions in CO exhaust emissions, however, depend
not only on identifying the percent of vehicles which exceed ONEB's 6
CC % emission standard, but on the conditions established for achieving

expected reductions. For example, if the annual measured failure rate of

S
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all cars is 50 %, the expected annual % vehicle exhaust emission reduction
would be about 10 %. If the failure rate were 30 %, the expected emission
reduction would be 8 %, and if failure were only 10 %, the emission reduc-
tion expected would be only 3 %. More frequent inspection and maintenance

is expected to provide langer average emission reductions,

Conditions established to achieve expected reductions strongly
influence the expected reduction. In addition to regular periodic inspecr
tion and CO exhaust emission measurement by authorized methods, arrange-
ments must be made to insure that failed vehicles receive the maintenance

necessary to achieve compliance with the inspection standard.

A system of sanctions, or compliance requirements, must be
established to verify failed vehicles received the necessary repairs. A
sanction program might include certification with vehicle retest, certifi-
cation that the repair facilities are performing properly, have the
necessary equipment, and use trained mechanics. There should also be provi-
sions to make certain that repaired vehicles are not intentionally read-
justed or modifjed subsequent to compliance with the CO emission standard
such that they no longer comply with that standard. Intentional readjust-
ment and tampering may require special cnforcement conditions, such as

Spot checks of idle adjustment or official inspection seal.

CD control for in-use vehicles can be achieved by inspection and
identification of vehicles violating the idle emission standard and an
engine maintenance and repair service capable of returning the engine to
its proper operating condition, supposedly with CO emission well below 6
CO %, "Motor vehicle emission control can only be effective if there are
means available for keeping motor vehicles and their engines in optimum
operating condition (A. Cichowski, 1L0O, WHO/UNEP) ." That same report gives
a brief 1979 summary of maintenance and repair of vehicles in Thailand.

In part, it states:

Maintenance and Repair of Vehicles

Personnel
===aounel
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- well establicheu [arages, workshops and service stations
~usually have qualified mechanics
- government and private vocational schools offer training in

vehicle maintenance arnd repair

Equirment

~ there are about 1800 service stations and 2600 independent
garages but few of them are well equiped

- private and public fleet transport opevators have their own

workshops equipped for routine maintenance and repair

Spare Parts

- easlly available in town centres throughout country, except
in the case of unpopular vel.icle models

- a large number of used engines and used parts are imported
as vehicle owners prefor to have their old engines replaced

because the cost is low

Inspection of Vehicles in Use

All vehicles in service are inspected yearly for safety and

road worthiness, including exhaust emissions and noise.

- the Police Dupartment is respousible for inspection of
motorcycles, taxis and private cars (less than seven persons)

~ the Land Transport Department is responsible for inspection
of private cars (more than seven persomns), busses, coaches
ard all otaer cowmczeial vehicles

~ inspection stations are situated in Bangkok and all provin-
ces throughout country; there are approved inspection
stations set up by the private sector tu reduce the work

load of the guvernment

sFuel type and engine operating conditions are known to
influence CO emissions. 5 EPA CO emission factors for LDV using
benzine 18 about 5C g/km and using L2G .ic about 7 g/km. Although
emissions from LPG vehicles may be expected to be 8 times lower than
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those from benzine, engine ojerating conditions may offset the difference.
Unpublished data from Korea show the effect of operating conditions by

measuring CO % at idle fov a set of benzine and LPG LDV before and after

engine tune up.

Percent Vehicles in CO % range

CO_% Range Benzine LPG
Before After Before After
0-~3 26.7 100 28.6 100
3-4.5 26.7 0 21.4 0
4.5 - 10 46.0 0 50.0 0

Before tune up (repair) the benzine vehicle idle exhaust CO %
ranged from 0.6 toc over 10 with a mean of 4.5, After tune up the range was
1.5 to 2.5 with a mean of 1.9, The LPG vehicle idle exhaust CO % ranged
from 0.1 to 7.2 with a mean of 3.8. After tune up the range was 1.4 to

2.1 with a mean of 1.6.

Vehicle emissions were also measured using a constant volume
sampler (CVS) and operating the vehicles on a chassis dynamometer simula-
ting a 10 mode (Japanese) driving cycle. Under those conditions the mean
benzine derived CO g/km before tune up was 26.4 and afterwards was 15,7.
The LPG derived CO g/km was 8.0 before tune up and 3.6 afterwards. There
was a 40 % reduction in benzine CO emissions, and a 55 % reduction in LPé
CO emissions due to tune up. Reductions in AC and Nox also resulted
from tune up. The km/1 fuel ccnsumption improved by 2.1 % in benzine
cars; no measureﬁéntg‘ﬁeré made of LPG km/l changes. It should be noted
in these tests that N?{from LPG exhaust, both before and after tune up,

was about 1.5 times higher than from benziae exhaust.

The effectiveness of a tune up in reducing CO % depends on
mechanic skills and his use of specified replacement items. The tune up
discussed earlier consisted of 10 inspection and replacement or repair
Aitems. In each case the adjustments and repairs were made according to

vehicle manufacturer specifications. The 10 items are:
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Ignition timing and dwell
Distributor components
Spark plugs

Spark plug wires

PVC system

Air cleaner

Idle speed

Idle air-fuel mixture
Choke

Vacuum tubing

Mechanic skills significantly affect the emission reductions
achieved in tune up and engine repair. With a 30 % stringency work
requirement a skilled mechanic but without training in vehicle emission
control can reduce exhaust emissions by 25 %; with a 40 % work stringency
requirement emissions can be reduced by 28 %. A skilled mechanic with
training in vehicle emission control can reduce exhaust emissions by 40 %

under less stringent conditions and 43 % under more stringent ones.

Black Smoke Control

No discussio.n of this important subject is given here. A
useful reference is in the WHO/UNEP 1980 Workshop report by Dr. W. Kreisel,
"Toxicological Assessment of Diesel Emissions and their Technical
Control", see especially "III Control of Diesel Exhaust Emissions",

pages 17-23.

Discussion and Conclusions

Ambient levels of Bangkok CO for some days in 1975 and 1977
approached those judged to produce unsafe carboxyhaemoglobin levels in
people living and working in center city traffic situations. Some CO
levels have been measured at 4 locations in Bangkok in 1961-2 and data
analyses and evaluation is in progress. Pb levels reported frem Bangkok
street locations for 1975-6 show values resembling those of rush hour
traffic of 14-25 ug/m3 found in some americes and european cities. The

Bangkok 1981 Jevels (not street locations) ranged from ! to 4 ug/m3.
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The number of motor vehicles registered in Bangkok and the expected
annual increase suggests controls for Pb in benzine be proposed and
that a compliance program for CO control from in-use¢ vehicles be
started.

There is no Thai requirement that motor vehicles be designed
and manufactured to any reduced emission requirement. The only
expected reductions in vehicle emissions from compliance with ONEB's
6 CO % will come from adjustment of engines tc the vehicle manufacturer's
original specifications. Since none of the engines offered for sale
were required to meet a particular CO design level “.here is no assurance
that after tune up that all vehicles will be 6 CO % or lower. The
average age of Bangkok cars today is akout 9 years, or likely a 1973
model year. The CO % measurcd in ONEB's 1280 study for 5-10 year
vehicles shows 72 % of them to be 7.9 CO % or lower with a mean of
4.6 CO %. Vehicles 8 CO % and above represent 26 % of the sample.
The experimentai design does not allow determination of the mean CO %
for the entire 5-10 year population. There werc about the same percen-
tage of vehicles at or below 7.9 CO % in all other age categories and
with about the same population mean, namely 4.6 CO %, There are no Thai
data from which a projected CO % emission reduction resulting from 9ngine

tune up can be estimated.

ONEB should consider establishing motor vehicle emission
standards for new vehicles for purposes of systematically decreasing
pollution levels with each new vehicle generation. New vehicle emissions
should also be considered from the point .. view of hav;ng an‘established
Co emission level to which in-use vehicles coﬁld be retﬁéned through
compliance requlations. Further, since new vehicles designed and built
to specific emission standards are usually equipped with fuel induction
and ignition systems which are factory calibrated and fixed, such
vehicles are less likely to go out of adjustment and defy tampering and
maladjustment. Emission controls on new vehicles demanﬁs compliance by

manufacturers and does not solely depend on vehicle owner compliance.

A\
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Emission controls for new vehicles may be an appropriate
subject for ASEAN Committee on Science and Technology (COST) consideration.
Development: of regional motor vehicle emission standards has the advan~
tage of establishing a market for clean vehicles making manufacturers

market corpliance uniform and at mimimum cost.

The success of a CO compliance program requires identification
and labelling of vehicles that are in compliance and those in violation,
There also must be a certification that t.aissions from offending vehicles
have been reduced to at least € CO % within a specified time limit.

This implies that there are effective action programs to return vehicle
engines to normal CO levels (presumably 6 CO % or lover), a way to retest
specific vehicles, to confirm their compliance, and a visual designation

system declaring the vehicle to be in compliance,

A CO compliance program normally would consider only benzine
LDV vehicles. However, the Korean LPG tests cast considerable doubt on
the often held view that LPG vehicles arc "clean" or "low pollution"
cars. The Bangkok LPG emission situation must be described, particularly
since the taxi fleet may travel about 7 million km a day, or about one-

half that of the 17 times larger benzine LDV population.

Consideration should be given to determining the actual
emission compliance success rate for vehicles failing ONEB's 6 CO %
standard. Since about one-half of all tested Bangkok vehicles fail
ONEB's 6 CO % standard, it becomes important to know what percent
reduction in CO emissions is to be cxpected so that ONEB can develop an
alternative plan for vehicles that cannot be brought into compliance.
Compliance testing should also consider the merits of vehicle engine tune
Up or repair based on returning the engine to manufacturer's specification
with and without CO <fepair shop measurements. A successful compliance
program designed to meet manufacturers’ engine specifications is most
likely to meet vehicle owners performance expectations as well as ONEB's

CO regulations.

Two basic premises in the ONEB's CO action program are : 1)

cooperation of informed and environment-conscious vehicle owners; and 2)

A
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access to reasonablecost vehicle engine repair facilities competent to
put engines in good operating condition and meet ONEB's CO emission

requirement,

The emission cstimates suggest CO nceds to be controlled.
They also suggest that HC may need to be controlled for purposes of
minimizing Bangkok expected ozone levels. Unfortunately, che quantita-
tive validity of all motor vehicle emission estimates are in doubt
due to incomplete and inaccurate motor vehicle statistics. ONEB should
determine what motor vehicle data are needed (numbers, categories, ages,
driving cycles, etc.) for air quality management strategies and request
their collection and tabulation by responsible agencies. The estimates
given here are quantitatively comparable but are ncot absolute, princi-
pally because of incomplete information on age, distance travelled by
vehicle category, and no description of driving cycles. The proposed
CO control action plan is solely for vehicles at idle. What percent of
the driving cycle is at idle and what impact correction of CO at idle

will have on ambient air quality remains unknown.

The ONEB data show about one-half of all LDVs exceed 6 Co %
There is no data to show what the CO % will be after vehicle engine
tune up or repair. The expected CO % after tune up should be about the
vehicle manufacturer's design standard if the tune up is scheduled to
return engines to manufacturgr's specifications, Cé'design standard

information &pcarently has not been collected, summarized, or evaluated.
The desireability of reducing black smoke is not discussed.

There is a sound basis for reducing Pb in benzine. WNo action

plan is proposed here for benzine Pb control.

Control Options

The control coptions given here consider the informaticn
available, the vehicle emission data required, the need to identify
competent engine tune up facilities, determine the effect of tune up

on CO emissions, and formulation and implementation of a pilot action

/\M
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program Zor CO cmission control. The control options consist of at icaszt

5 levels of activity:

I. Information

L.

(btain manufacturers engine inspection anc maintenance
manuzls and manufacturers specification and procedures for

engine tune ugp.

Obtain marufacturers statement for expected engine exhaust
CO at idle based on design and operations specifications.
This information should be obtained for new vehicles for
models sold in Thailand over at least 10 modei years.
(Remember, the median vehicle age in Thaifénd is probably

9 years),.

Obtain list cf bangkok enginc tune up or repair service

facilities approved by manufacturers.

Enquire from other sources regarding tune up or repair
services capable of performing work according to manufac-
turers specifications. (Automobile Club, Petroleum

Companies; etc.)

Ask manufacturers tc list any RTIG notcr vehicle service
facilities which meet their requirements for tune up to
specificatiorns.

Determine how many of the approved service facilities have
CO monitoring devices.

List the motor vehicle manufacturers that provide mechanic

training courses, and evaluate the training given for its

expected impact on reducing_cngine CO emissions.

II. Vehicle Emission Tests

1.

Measure a random sample of Bangkok LPG taxis for exhaust
CO %. Ascertain make, modcl, age, and total km for each
vehicle tested. &ask driver tc estimate daily ¥m fo. one

work shift. ask driver how many shifts he works in one week.

N
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III. CO Pilot
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Plan and execute a test cycle in which : 1) a benzine LDV
exhaust CO % is measured; 2) that same vehicle engine is
tuned tc manufacturers specifications; and 3) that same
tuned vchicle engine exhaust CO % is measured. The tune
up service should neither consider nor measure CO as a

condition for compliance with engine specifications.

Plan and execute a test cycle similar to "2" above and
using an equivalent motor wvehicle population (same

number of vehicles and same range of vehicle makes, models,
and age) and tune the vehicles according to mechanics

"normal" procedure, with or without CO measurement.

Control Program

l.

Organize and conduct a 6 CO % control program using a flcet
of government owned and serviced LDVs. First priority
should be given to a government departient or agency of
government with a recognized public service record and an
officially expressed interest in protection of the

enviromuent (i.e., EGAT)

establish a second identical program with a city government
agency in wliich there is an established public service
record but not necessarily with a dedicated concern for

protection of the environment, and in which the services

‘and LDVs are essentially confined to Bangkok and Bangkok

driving patterns.

A third identical program should make use of a government
LDV fleet which operates in Metropolitan Bangkok and
environs allowing km accumulation from daily local trips
and some uacily, longer, higher speed (freeway) trips.

If possible, this program should use officials who deal in
matters of business and with public trust, and who meet
people in the business sector, (i.e, Customs, Tax, or

Licensing orgamizations).

A
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4. A fouxrth program should involve the private car owner wio uses
a LDV primarily for transportation to and from work and
family needs and pleasures. Their LDVs would be repaired
by the owners or at their chosen repair shop. This fleet
would best be selected from families with some motivated
commitment, such as tnose with children in some seco-dary

school club or organization (i.e. Boy Scouts, etc.)

5. Organization of the 4 programs would be similar, nmmely
all LDV, all benzine fuel, all consisting of mixed ages, and
all with operating odometers. The number of vehicles in a
fleet may vary but sihiould be 100 or more. With the exception
of 4 th program, the v:hicle engine maintenance, tune up,
or repair facility must be operated by the fleet agency or be
operating under contract with the fleet agency,Fleet
vehicle records should be available to show number of trips
made and daily distance travelled. CO % measurements shouid
be taken at start of pilot control program, after each
vehicle determined to be in violation has been tuned or
repaired according to 1) either "normal" practise or 2)
to manufacturers specifications. CO % may also be measured
at some routhine vehicle servicing time, such as oil change,
etc. If the checked vehicle is out of compliance, it should
be tuned and CO % rechecked. Operations detail to be worked

out with ONEB and agency.

6. The private LDV program will necessarily have to be developed
to meet local conditions and needs. Prcference should bc
given to a plan evolved jointly by OMEB and the young peoples
organization (Boy Scouts may be well suited as they are well
known, well disciplined, and well respected, and may influence
their parents). The organization should organize and operate
the program in an open and public way. Competition between
units may be usefully exploited, such as developing accepted
pressure to have their own family vehicles placed in
compliance. With good policy planning and proper administra-
tive sanctions, programing it should beneficially influence
environmentally recalicitrant government agencies and further

ONEB goals.

N
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IV. Enforcement

1. Sanctions and administrative procedures including visual
labelling of "failed" and "passed" vehicles, designation
of authorized repair facilities and mechanics, and other
operations activities must be identified, properiy descri-
bed, and compromise solutions reached, and action
schedules settled before a city-wide CO % control program

can be implemented.

2. The designated city-wide CO % control implementation plan
should be tested in a medium sized city before undertaking
full scale action in Bangkok. Choice of a test city must
consider interest and cooperation of city government, the
economic importance of the region, and the impact of the

program on the public health and tourism.

3. Analysis and evaluation of the city-wide CO % control

program should eicourage future implementation in Bangkok.

.V» Bangkok CO Control Program Options

1. The results of testing Bangkok LPG taxis will indicate
need to consider CO control for taxis. If there is a
demonstrated nzed the control action plan should be
based on owners or taxi association compliance, not on
individual drivers. Sanctions may be passed to the
owner by the driver, but ultimate compliance should rest

with owners or owner associations.

2. Motorcycles and LDV benzine trucks each represent a
significant and about equal source of exhaust CO roughly
equivalent to 2/3 of the CO emitted by LDV benzine
cars. For adminstrative reasons consideration should be
given to controlling CO from these sources separately
by scheduling compliance in one year for motorcycles,

the second year for trucks,and the third year for cars.

AN
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A deliberate, staged schedule, officially announced has
the benefit of forewarning manufacturers and sales
agencies of the government plan and to encourage them

to provide equipment and services to meet the compliance
requirements.



APPENDIX 7

Impact of LPG on Motor Vehicle Pollution - Bangkok

John T, Middleton/ONEB/3 June 1943

To Secretary General

Subject’ . Light Duty Vehigcle (1DV) Useage of Gasoline and LPG -~ Comparative
Impacts on Air j{uality.

Ailr quality in metropolitan Bangkok continues to worsen with
increasing numbers of motor vehicles and increasing vehicle kilometers
travelled (VKT). A report on “"Motor Vehicle Air Pollution : Control
Options" was filed on 1¢ March 1983. That report gives emission estimates
for 10 vehicle categories and 3 fuel types. Carbon monoxide (CO) emissions
are estimated at 1253 tonnesg per day (t/d) of which 1158 t/d, or 92 %, is
emitted from gasoline LDV. LPG vehicles emit about 56 t/d of COo, or 5 &
of the Bangkok total. LEG vehicles emit less CO than gasoline vehicles
because there are fewer LPG vehicles and emissions are lower because less

CO is produced in engines burning LPG than in engines burning gasoline.

There are no emission data for Bangkok LDVs using either gasoline
or LPG. Estimates of emissions for Bangkok gasoline and LPG LDV can be made
using USEPA emission factors for average US LDVs. The average Bangkok LDV
is about 9 years old, or a 1973 or 1974 model year, and has no emission
controls. Emission data for us uncontrolled gasoline: LDVs are available
for 1967 and earlier. All later models have some erission controls.
Emission factors for some LPG vehicles are available for 1968-1970. A

summary of comparative emissions is presented below:

Light puty Vehicle Emissions in grams per vehicle kilometer, g/km

. CO I ‘ No,
gasoline gasollne LPG ! gasoline LPG
Uncontrolled 55.9 - ‘ 5.4 - Il 2.1 -

1967 i

Controlled 39.7 ’ 3.5 1.1 i 2.9 2.0
1968-69 ! :

Controlled 33.0 2.1 ! 3.0 0.4 i 2.7 1.7
1970 ! !
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Carbor moncxide emissions for 1968-69 gasoline LDVs were
reduced by about 30 % from those of 1967. The use of LPG in controlled
1968~69 LDV xeduced CO emissions by about 80 % compared with the same
age gasoline vehicles. Emissions for 1970 LDV with LPG are about 95 %
lower than those using gasoline. Reductions in hydrocarbon emissions
also result from use of LPG instead of gasoline. The emission factor
differences for No% in the limited USEPA tests are lower for LPG fuelled

vehicles.

These data show a significant reduction in CO and HC

emissions due to use of LPG as a replacement fuel for gasoline.

This dramatic reduction in emission factors, however, must be
evaluated with actual emissions from in-use ILDVs. Some unpublished
enission information for a limited number of in-use 1978-1981 LDVs with
simple emission controls shows LPG emissions in g/km are lower than
gasoline emissions. The test data given below also show the importance
of maintaining engines in proper tune and in compliance with vehicle

manufacturer aigine performance specifications:

LDV emissions in g/km for in-use 1978-1981 vehicles

NOx
gasoline™ LPG.

i
‘

CO HC

Engine condition gasoline LPG ! gasoline LPG

Bbefore tune-up

1.7 2.4

?

26.4 8.0 3.0 2.3 : 1.8 2.8
After tune-up ) 15.7 3.6 , 2.4 l.9 i
; i

Gasoline vehicle exhaust for the same LDV was measured for
CO % at idle and ranged from 0.6 to over 10.0 with a mean of 4.5 After
tune up the range was 1.5 tc 2.9 with a mean of 1.9. The LPG vehicle
idle exhaust CO % ranged from 0.1 to 7.2 with a mean of 3.8. After tune
up it ranged from 1.4 to 2.1 with a mean of 1.6.

The data given above also show LPG vehiclea ewnit less =C than
gasoline vehicles. However, in-use LPG vehicles emit more Nox than do

gasoline LDVs and considerably more than the USEPA test vehicles.

2%



T:.e higher than USLPA erissions may be due to differences in age of
engines, their design, or trade-off in specifications to achieve lower

CC and HC.

The reqgular and long~te<ziin use of LPG in Japanese taxis suggests
there may be more extensive information on vehicle emissions available
from the Japan bnvironment Agency. It may be worthwhile investigating

their exgerience with LEG.

LPG has typically been used in LDV as a replacement fuel for
gasoline for purposes of reducing ewissions from in-use vehicles. LPG
is not used as thu fuel of choice for new motor vehicles. Motox
vehicle manufacturers do not normally produce LPG-fuelled LLVs. Use
of LPG in vehicles usually results from government actions taken to

reduce LPG fuel costs either by direct subsidy or taxes.

LPG vehicle emissions may producc an unpleasant and noxious
odor due to aldehydes rcsulting from incomplete fuel combustion

associated with pocr engine maintecnance.

The considecrable reduction in LDV emissions from use of LEG
is largely due to the normally simple composition of LPG. Emissions may
vary as the composition of LFG varies, with emissions increasing and
contributing to photochemically reactive nonmethane EC, and consequently

more ozone, with incrcasing amounts of C4 compounds.

This bricf summary does not consider safety, costs or marketing

of LPG for LDV.

Summaxr Y

Substituting LPG for gasoline in LDV will substantically
reduce CO and HC emissions but at the expense of increased NOx and
perhaps some aldehydes. A reduction in HC coupled with an increase in
NOx is likely to increase the rate of ozone formation due to a more

favorable ratio of HC/NGk and increased photochemical reactivity.

Qp



The magnitude of CO + C emission reduction is significantly
-influenced by engine operating conditions and maintenance. Use of LEG
in poorly maintained vehicles not only minimizes the potential benefit
but may also produce an unpleasant and irritating aldehyde odor in the

exhaust.

LEG has never been considered as a fuel of choice by wotor

venicle manufacturers.

LPG use in LDV tleets such as government agencies, business
and commercial enterprises, and taxis is a good control option for CO
and HC if concurrent actions are taken to reduce CO, HC, and NOx

enissions from all future new LDVs,

QO\



APPENDIX 8

rrocedures for mission Inventory Preparation

The below referenced documents are located in the DEQS library :
US EPAL, Office of Air Quality Planning and Standards,
kesearch Triangle Park, NC. 27711, (EPA - 450/4-81~-026a~e) September 1961,

Procedures for Enission Inventory Preparation

Volume I ? Emission Inventory Fundamentals.
Volume II Point Sources
Volume II1I : hrea Sources

Volume IV Mobile Sources

Volume Vv

Bibliography



APPLNDIX 9

Compilation of iair Pollutant Emissdon Factors

The below referenced documents are located in the DEQS library :
Compilation of Air Pollutant Emission Factors, Third Edition, US EPA,
Cffice of Air and Waste Management,

Office of Air guality Planning and ftandards,

AP - 42, Parts A and ¥ (Including Supplements 1 -~ 13)

Kesearch Triangle park, KC. 27711, August 1982,



APPENDIX 10

Stationary Source Testing Methods

Source testing methods approved by USEPA for new stationary
sources are found in the following refercnced document location in the

DEQS library :

Cffice of the Federal Register, National Achieves and Records
Service, Codes of Federal Regulations (CFR) 40, Us-GPO
Washington D.C. 1481

Title 40 Environmental Protection Agency, Part 60 - Standards
of Performance for New Stationary Sources, Appendixz &,

Reference Methods, pp 298 - 486.
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APPENDIA 11
Analysis and Evaluation cf Bangkok Air guality Monitoring -~ Lead

John Middleton/ONEb/15 April 1933
To : Deputy Secretary-General

Subject : Validity of Pb Analyses from S5PM Samples Collected at'9 Locations
in Bangkok, July ~ September, 198i.

Introduction

A special study was conducted at 9 different locations in
Bangkok from July to September, 1981 to assess particulate Pb levels in
selected streets with recognized motor vehicle traffic, The locations

stucdied were :

1 gUUIIN Yanawa “A"

2 ALA WIS Saptan Phut

3 M CTow'ln Wong-Wien Yai
4 U Yanawa B"

5 »UIIY Jawaraj

6 4WYM Sam Yan

7 Ta15u0u Odeon

8 dszaun Pratunum

9 BRI Klong~toey

The Pb levels were determined from SPM samples collected by
hivol samplers located at street level and varying distances from the
road centerline. Specific site detail is on record and available. SPM
samples were collected and weighed according to ONEB approved methods.
Pb analyses were performed by the DEQS laboratory according to a procedure
specified by Perkin-Elmer, "Analysis of. Metallic Air Pollutants", March.
1971,

Statistical Considerations of the Original Data

The original data for S?M and paired ©Tb analyses were obtained,

arranged in a number of ways, and several statistical analyses were



performed. The data were considered as separate data sets by location
for specific dates for SPM and Pb. These same data sets were also
combined (put together) to form a single data set for SPM and one for Pb,

The data can be presented in a variety of ways. Arrays I
and II show all the original data arranged by date and location. The
array easily shows the sample size, the date of sampling, and the
discontinuous sampling periods. There are a total of 65 samples =ach
of SPM and Pb. They arc distributed over the period 20 July through 28
geptember, 1381l. The 65 samples were collected on 4 days of the week

as follows :

Monday 3
Tuesday 21
Wedncsday 0
Thursday 21
Friday 4]
Saturday 20
Sunday 0

€5

There are 3 data sets which are ~nown to be incomplete or
inaccurate. Location 3 for 22 July is missing SPM; location 5 for §
August is missing Pb; and locaticn 8 for 28 September originally
reported the Pb value as 2.66, but this was changed to 2.05 on 12 April
for reason of legibility. The data analyses given consider the first
number (2.66) and not the second (2.05).

The small number of samples for each location and the typical
interruptcds;qgling;mriod for Tuesday, Thursday, and Saturday (one
exception is one time on Monday for locatiops 5, 6, and 7), limits the
usefulness and interpretation of the data collected. Each location data
set was arranged to show the range of values and to select the median

value. These data sets were used to determine various statistics which

!

describe the information collected and permit comparisons of the 9



locations. Lata for all locations were ccmbined for purposes of describing
the total locations population. The combined data are presented in a decile

format together with derived statictics in Tables L and 2.

The combined data for 5:i and Ph show the numierical values
required to describe the actual air pollution situation. For example,
the arithmetic mean for SPM shows that all locations are represented by
0.5021 mg/ms; 0.5021 is an estimate of the average for all locations for
the period 20 July to 26 Sep “ember i96l. The standard deviation is 0,2039
ng/m? a fairly large value, vhich reports considerable variation in vaiues
for the sampling period. “he crithmetic mean is said to be an estimate
for the locations and the period. It is not a true value because samples
were t ..en only un 22 of 71 days or about 1/3 of the days during the pericd,

and nce f[or ,11 locations.

The inforrmation presentzd in Tables 1 and 2 also shows how the
values are distributed about the median or data mid-point. If the number
of observations were larger the median, 50¢ th decile, and arithmetic mean

S . 3 . .
th decile is 1.79 ug/m, the median is

would liikely be the same. The Bb 50
1.94, and the arithmetic mean is 2.62, which states this population distri-
butior is irrcqular with wore high than low values, or some few cuite high
velues. It is usual for such popuiations to have arithmetic mean larger
than the median and for the gecuietric mean to be smaller than the arith-
metic mean. 1he curulative frequency distribution of SPM data is presen-
ted as class mid-points and as deciles in Fig. i. The curve is irregular
suggesting that there are fewer mid-value “normal” samp-ies than might be
expected. However, when the combined data are plotted on semi-log paper,
as shown in Fig. 2, they aprear to be log nommeally distributed and may

represent a typical air qualiity sample population,

A surmary of statistical information for SPM and Pb f~r each
of the 9 locations is given in Tables 3 and 4. The rnumber of samples for
each location is small and apparent differences among locations may be
meaningless. Eomefrié recans and deviations were calcula =d for locations

5, 6, and 7 since those stations huad at least 10 samples, although that

)\



sample size is at least one-half as large as minimally preferred. The
difference between values for several locations may be real, but sample

size limits statistical testing of the significance of differences

observed

The difference between means for SPM and Pb for locations 5
and 7 differ by more than Z. The data were analysed to determine if,
fact, the difference in mcans was statistically significant. The
statistical test shows that despite the small sample size the analys’s
of variance states location 5 and 7 to represent a common sample and
that the difference in means for both SPM and Pb are statistically
different at the 5 % confidence level. The difference in SPM is not
statistically significant at the 1 % confidence level while the
differcence tor Pb is. This suggests differences in sampling parcmeters
are influencing SPM and Pb values, such as.variations in meteorological
conditions (macro and micro), source emission rates, etc. Fig. 3
illustrates the similarity in cumulative frequencies for SPM for loca-
tions 5 and 7 and the differences in location values, with location 6
assuming a somewhat intermediate value curve. While the difference
between 5 and 7 can be shown to be significantly different by statistics,
the actual difference may have no significance in the 9 street location

study.

Association of Pb with SPM samples

Table 5 presents a compariscn of arithmetic means for SPM
and Pb for each of the 9 locations and the % Pb in the SPM sample.
Table 6 lists the maximum SPM value for each location and the date on
which it occurred. Samples were collected for most of the same days for
locations 1-4 and normal expectancy woul?d suggest the maxima for each
pollutant should occur on the same date. 7The maxima are on the same
date in 2 of 4 locations. The maxima dates for locations 5-9 all occur
at different dates. Table 7 shows the maximum Pb values to occur on
the same date in 3 out of 4 times in locations 1-4, and on the same
date 2 out of 3 times in locations 5~7, and at different dates for
locations 8-9. A comparison of Pb maxima dates with SPM maxima dates
shows the dates to be the same for locations 1,2 and 8. It appears
that there are a number of exposure variables influenciug SPM and Pb

sample values.



least Squares &nd Regression of SPM and Pb

The least squares and linear regyression was calculated from
the arithmetic meane for SPM and Pb for each of the 9 street locations.
No calculation was made of the least squares and linear regression for
the 63 paired valucs. The regression calculation requires that one
variable be independent (x) and the other (y) be a random value from a
population of values (y) corresponding to a given independent value
(x). The assumption was made that SEM is an independent value and that
I'b was a random corresponding value. The linear regression is Pb =
(5.9829) (SPM) - (0.481) . Plot of this "line of best" fit is shown as a
solid line in Fig. 4. 7The same figure shows the plot of the 63 paired
values from all 9 locations. The line represents the linear association
of Pb analysed from a single representative section of the SPM glass
fiber filter. The assumption that the SPH sample is an independent
variable is open to question and may be in error for there is neither
data to corroborate the validity of tae weight of the SPM sample, nor
data to define the exposure conditions during the collection period.
The (x) solid line plot represents the regression line which best fits
the 9 points used and does not necessarily describe the association
between the 2 variables.

Confidence limits of the ragression estimate were not calcu-
lated because of the scattered plot of the 63 paired SPM with Pb data

sets.

The line of best fit seems to pass thraugh the arithmetic
mean for SPM and Pb, suggesting the calculated values represent the 9
location averaged data. Tne regression line falls short of the paired
arithmetic ineans when data collected at the 9 locations are pooled and

treated as a single population of all 63 pairs.

g\



Anctlier graphic presentation of the data is shown by the
broken line which is drawn through *he paired geometric mean and
paired 84 P prrcentile for Siti and Pb. This line represents the
association of SPM and Pb for &4 pexcent of the total data sets
presented linearly rather than within a lognormal frequency population
curve. The dispcrsion of the 3 sets of means about the calculated line

of best fit (solid line) is also shown in rig.4.

Pb inalyses of Replicated SPm Samples

The integrity of the Pb values assigned to the collected
SPM sample depends upon sampl2 and analysis variables. There is one
data sct of % samples representing 1 sample from each of the 9 different
locations in which an original Pb analysis is compared with a later
replicate Pb analysis taken from the original SPM sample. Identical
laboratory analytical procedures were reportedly used in each case.
The Pb valucs for the Y locations for original and replicate SPM
samples are given in Table & together with the differences hetween
original and replicate. #&n analysis of variance of thess Pb data shows
that the original and replicate arithmetic means represent a single
population. That test for paired data shows the Pb values of the
replicates are significantly different from the original Pb values at

the 0 % confidence level. Since the 18 samples represent 1 po,:lation,

it is very likely thac the 19 % difference between original and

replicate determinations is due to DEGS laboratory procedures.,
Conclusions

The original SPM and Pb data collected at 9 street locatdions
in Bangkok from 20 July - 28 September 19¢l have been surmarized and
several statistical analyses have been made. The information collected
has limited value due to sample size and sample collection dates. The
statistical analysis performed provide estimates of mean levels of SPM

and associated Fb fov the study period.

The analyses performed suggest some location differences in

SPM and Pb values, but no consistent association of Pb levels witl’ SpM



sample weights. The Pb values range from (.68 ug/m3 at location 1,
Yanawa “L" on 3 August, to 6.55 ug/m3 at location 3, Wong-Wien Yai on
22 July, 18l. ‘1These aata values ney not accurately state the
concentration present. Ltatistical analysis of a single companion
sct of Pb replicate sanpies shews the replicate sample values to bLe

significantly lower than thc original values by 19 4,

The Pt values deriveda from the SpM samjizles represent a small
percent of the *otal sib weight., The accuracy i thc amount of PBb

reportea is in doubt.

The AIT Pb values reported for 1975 - 1976 arc typically much
higher than ONikb 1981 values. The AIT sample collection method ig
very different from that used by ONEB and does not allow compariscn of

data.

Therc is rcason to believe that ONEB Pb data reasonably
estimate specific day, local site, and seasonal Pb levels, Accurate and
valid particulate Pb air quality information requires improvements in

laboratory proceavres, analyses, and data guality assurance.

Recommendations

There are 3 priority catéyories of recornmendations,

1. icad laboratery procedures, analyses, and quality assurance.

a. Step all further routine analyses of Fb in SpM samples.

b. Organize and Carry cut a specially designed set of
analyses for Fb Getcrminations from a select group bf
samples fron the 9 strect 19cation study and a select
group from the 19gl Harigkok SPM monitoring program,
Use the currernt laboratory prccedures, analyses, and
measurement methods for determining Ph levels in the
selected sample Groups.,

¢. kequest a Bangkok professional laboratory familiar with

routine analyses of metallic air pollutants using

O\
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Perkin-Elmer proccdures and measurement equipment to
determine the Pb content of a select set of SPM
samples. The select set should consist of the
remainingmportions of the SPM samples listed in Table
B divided into replicated pairs by location.
Establish a schedule to adopt the US EPA Pb analysis
procadure and abandon che current DEQS Pb analysis
Procedure, Itemize the equipment and materials
required for the US EPA method and promptly and
systematically acquire them.

Make the necessary arrangements to participate in an
interlaboratory comparison for Pb sample analyses.
Establish a new particulate pb stu@y for purposes of
determining Pb levels at selected street locations
and to evaluate the health hazard of Pb to

populations at risk.

Design and conduct of field studies

a.
b.

State the purpose (goal) of the proposed study

Outlire the program proposed to meet the purpose with
stated cquipment, personnel, and Support requirements.
Design the study to conform with statistical require-
ments for proper data analysis. Generally, limit the
number of items to be studied, make certain the number
of obzervations is not limited (larger rather than
smaller), and that the frequency of observations
considers daily, seasonal, emission source, and ot'-»
significant variables.

Collect, tabulate, and perform appropriate statistical
summaries of studies in progress and make running
account statements of work plan conditions, achieve~

ments, and nced for operatiocn changes,

3. Analysing and interpreting air monitoring data.

Q.

Establish a regular, acceptable; and understandable



statistical treatment of ONEB air quality data. The
data surmaries should be presented in a format which
enables the reader to judge the acceptanility of the
monitoring information and to be able to compare the
information witli that of other air quality monitoring
organizaticns.

The ocbjectives in “3a* cun be easiiy met by complying
with generally accepted quality assurance progranms,
use of the wHO data reporting format, and by following
the WHO data analysis and interpretation procedures.
The zir quality and motor vehicle emission data
collected in tangkok, Chiang mai, Hat Yai, and other
leocations should be reported in a standard format
enabling inter-city comparisons and assessnent of
statistical signiricant similarities and differences.
The value of short-term surveys lies in their
validity as 2 measurc of current local conditions and
a5 a measure of air quality trends with changes in

econoniic and social development,



Table 1. sStatisstical Analyses of Eivol Suspended Particulate Matter
(5PM) Samples Collected at 9 Bangkok Locations Represernting

Various Motor Vehicle Traffic Densities. July -~ September 1981

- 10 -

peciles Conczﬁiration Various statistics for the SpM daté set for
gy /ra Bangkok ; Jul.-Sept. 1981 9 stations,
10 0.2893 lo. of observations 65
20 0.3228 kange min 0.2284
: max 1.0630
30 0.3529 ticdien 0.4402
40 0.3u91 irithmetric mean 0.5n21
50 0.4280 Standara deviation 0,2039
6u 0.525¢6 Geometric mean 0.4644
70 G.6314 Standard deviation 1,4754
80 0.7000 b4££ Percentile 0.e852
84 0.7200 (84EEPercentile rrom array 0.7260)
30 0.,7085
95 0.9177
98 0.9833
: 100 1.100C¢
i
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Table 2. Statistical Analyses of Lead (Fb) Content of SPM Samples
Collected fram 9 Bangkok Loca*ions as given in Table 1.
Deciles Concciitgticn Various statistics for the Pb data set for
ug/m Bangkok, Jul,-Cept, 1981 9 stations
10 1.12 ho. of Observations 65
20 1.33 Rance Minimurg 0.6%
Maximum 6.55
3¢ L.49 tledian 1.94
40 l.u3 Arithmetic Mean 2.62
50 1.77 Standard Leviation 1.55
60 2.50 Geonmetric Mecan 2.24
70 3.10 Standard deviation 1.75
80 4.07 8a = Sercentile 3.92
84 4.306 (84EE-Percentile from array 4.36)
90 4,90
9% b.27
Sy L.34
100G <)




Table 3.

Summary of Statistical Informstion for SpM Hivol Samples,

- 12 -

Location of Collected Samples

a\l

Bangkok, July - September, 1951

1 2 3 4 5 6 7 8 9
JUL JUL JUL JUL © AUG Alc AUG SEP SEP
Date 20-31 20-2% 24-31 20-31 5-28 5~23 5--28 iée-28 l6-28
3 AUG 3 AlG 3 AUG 3 AUG
Days SA 2 SA 1 5A z SA z SA 4 _OA 4 SA 3 SR 1 Sa 1
TU 3 TU 3 TU 2 TU 3 i M1 M1 TG 2 TU 2
TU 2 TU 2 TU 2
sSampled Tii 2 TH 2 TH 1 TH 2 TH 4 TH 4 “H 4 TH 1 TH 1
No. of Observaticnsg 7 6 5 7 11 11 10 4 4
tin C.2104 0.5483 0.70565 0.3004 0.5546 0.2559 G.2284 C.3245 0.3637
Range mg/m3 dax 0.9383 0.7540 0.9585 0.4151 1.063¢C 0.4680 0.5025 0.4424 0.6466
Median 0.4071 0.6765 - 0.,7581 0.3094 ¢.68l5 0.3895 0.2511 0.3632 0.51z7
Arithnetic menn {.4880 0.6767 0.815¢C 0.3605 0.7069 €.3831 ¢,3010 0.3755 0.50839
Standard mean 0.2238 0.0302 0.1166 0.042¢6 0.1373 0.0735 0.¢765 0.0494 0.1270
Geometric mean 0.6964 0.3762 0.2941
Standara deviation 1.3381 1.2266 1.2406
61 2 percentile 0.9310 0.4615 0.3649
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Table 4. Summary of Statistical Information for Ph from SPM Hivol Samples, Eangkok, July - September 15861
location of Collected Samples
b 2 3 4 5 6 7 8 9
JGL JUL JUL JUL AUG AUG AYGC SEF SEP
Date 20- 351 20-29 22--31 2C-31 -8 5-28 5~28 lo-23 16-28
3 AUG 3 AUC 3 AUG 3 AUG
fays sSK 2 T 2 Sa 2 S35 2 SA 4 SAa 4 S& Sa 1 SA 1l
TU 3 TU 3 TU 2 IU 3 M1 M1 M1 TU 2 TU 2
TU 2 TU 2 TU 2
Sarlad TH =z ThH 2 TH 2 TH 2 TH 3 TH 3 TH 4 TH 1 TH 1
Ho., of Ubsexvations 7 € o 7 10 1 10 4 4
2
Range ug/m min  G.68 1.7¢ 3.56 0.82 2,92 1.35 1.17 1.G63 1.00
max 1.75 .87 6.55 1.33 5,96 3.51 3.43 2.66 1.81
Hedian 1.41 2.08 ©.03 1.27 4.27 2.2C 1.77 2.26 1.29
hritamnecdic mean 1.3z 3.47 5.50 1.23 3.20 2.16 1.91 2.20 1.35
ttandard deviation Cc.41 l.48 1.15 ¢.25 8.9C 0.65 0.€62 0.54 0.35
\~
Gecuetric mean 4.11 2.07 1.84
Htandard deviation 1.24 1.33 1.33
+
81 T vercentiie 5.10 3.75 2.45
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Table 5. Congarison cf Fb with SFM, Bangkok, July-Scptember 1981

| Arithmetic Mean
No. of mg/m3 ug/m3 %
Location Observa~
tions SPNM Pb Pk
1 7 0.4880 1.32 0.27
2 b 06.6767 3.47 0.5
3 5 C.8190 5.50 0.67
4 7 0.3605 1.23 0.34
5 11 0.7069 4.20 0.59
6 11 0.38s1 Z2.16 0.5¢
7 16 ¢.3010 1.91 0.63
& 4 0.3758 2.20 0.58
9 4 0.5089 1.35 0.26
Total 9 0.5132 2.59 0.50
Total 65 u.5021 2.62 0.52
4
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Table 6. UDistribution of Maximum SPM Values by Location, Bangkok,
July - Septcmber,l98]
. . 3
Location 5PM ng/m Dace
i 0.2383 22--Jul
2 U.7940 <2-Jul
3 0.9585 27-Jul Pata missing for <2 July
4 0.4151 £9-Jul
Location
5 0.7513 17~-Aug
5 0.46¢90 26-Auy
7 0.5025 10--Aug
Location
8 0.4424 16-Sep
9 G.64(H 28~Sep




Table 7.
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Distribution of Maxima for Pb and £PM Values by Location, Bangkok,

July -~ September, 198l

Location Pb ug/mJ Date of maximum Pb |[Date of maximum SFM
1 1.75 22 Jul 22 Jul
2 5.87 22 Jul 22 Jul
3 6.55 22 Jul 27 Jul Nc data
for 22 Jul
4 1.64 29 Jul 29 Jul
Location
5.96 23 Aug 17 Aug
6 3.91 23 Aug 25 Aug
3.43 26 Aug 10 Aug
Location
8 2.66 16 Ssep 16 Sep
9 1.81 21 Sep 28 Sep

W
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Table &. Comparative Analyses of Replicated Pb Samples, Bangkok

July-Septemper 1961

Pb content in ug/m3 from a single SPM sample collected at

9 locations analyzed at 2 different dates.

Location %gggfed Original Replicate  Difference Original-Replicate
1 31 Jul 0.%9 1,22 -0.23
2 2¢ Jul 5.87 4.8% +0.9&
3 2% Jul 6.29 4,20 +2.09
4 2% Jul l.64 1.00 +0.64
5 17 Auy 4.77 3.66 +1.11
6 23 Aug 3.91 3.05 +0.86
7 26 Pug 3.43 2.66 +0.77
3] 23 Sep 2.05 2,16 -0.11
9 21 sep 1,81 2.006 -0.2bh
Total +5.86
Arithmetic mean 3.42 2,77
Standard deviation 1,93 1.31

Difference (Sum of indiviaual aifferences of original less replicate)+5.86*

* The differences between original and replicate sample analyses are

statistically different at the 5 % confidence level.

¥
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Figure 2. cCumulative frequency dist
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for SPM and Ppb. Bangkok, July -

ributions for ‘combined locations

September, 1981
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ARRAY I Daily SPM. at varions station in Bangkok, Thailand, 1282 (mg,’m:‘)
July Augu.st September ;
. ! ] !
oa Yanawa Saphan wong_""ie”niphaq(a.k.r:a.i. Yanawa Saphan |Wong-Wien Phayakrai Jawaraqg Sam Yan | Odeon Pratunum Klong—;
phut Yai phut Yai toey |
1 6 5 5 6 1 1 1 1 5 11 1c 4 a
2 ?
3 0.3104 0.5485 0.7336 0.3722
. 4
5 TH.0.6615|0.3822 0.2595
6
7 SA.C.640110.3920
3
9
10 TU.0.5546/0.3292 0.5025
il
12 TH.0.5790({0.2809 0.2557
13
14 SA.0.6501{0.43380 0.3075
15
16 TH.0.4424 |TH.0. 3637
17 TU.0.7813}0.3395 - 0.2321
18
19 A TH.0.6300/0.4615 0.3075
20 0.6177 | 0.7073 0.3157 '
21 SA.0.7355§0.2559 0.28302 TU.0.3597 0.5773
22 0.9383 0.7940 0.3004 I
-
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September

July August
-Wi . han .g-Wi . . -
Day Yanawa Saphan  Wong-Wien Phayakrai| Yanawa Sap wor.g-dien Phayakrai | Jawaraj Sam Yan Odeon | Pratunum Klong
phut Yai phut Zai toey
23 Mo .6365 10.4677 0.2284
24 0.3416 0.6600 0.7581 0.3466
25 ' 0.3245 | 0.44s:
]
26 ~ TH.0,71G5 {0.4690 0.3253
27 0.4565 0.€568 0.9585 0.3694 ;
28 S5A.0.7540 ]0.3678 0.2615 0.3768 0.646¢
29 0.4071 0.6933 0.9311 0.4151
=
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ARRAY II Daily Lead at various station in Bangkok, Thailand, 1982
culy August September
qs . Klong-
Ly Yanawa Saphan WOng-ﬂlep Phayakrai Yanawa Saphan Wong-tien Phayakrai, Jawara3j Samyan Odeoan” | Pratununm
phut Yai phut Yai toey
L 1 2 3 4 SUN 1 2 3 4 5 6 7 WED 9
2
3 TU.0.68 1.70 4.22 0.82
N}
5 TH TH.1.74 1.39 sun
o
7 SAT SA.4.iO 2.20
3 SUN '
17 TU.3.44 2.20 1.78
11
1z TH.3.39 1.49 1.78
13
1 SaT SA.3.55 l.63 1.76
is SUN
15 TH.2.6€ 1.00
17 TU.4.77 2.23 1a7 |
&5 ; SAT
13 TH.4.45 2.42 2.05 | suN
20 TU.1.74 4.46 1.33 '
21 SaT SA.4.79 2.03 1.77 TU.1l.63 1.31
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July August September
Day Yanawa Saphan  |Wong-Wien Phayakrai| Yanawa Saphan | Wong-Wien Phayakrai| Jawaraj Sam Yan Odeon fratunum Klong-~
phut Yai Phut Yai toey
22 TH.1.75 5.87 6.55 1l.21 SUN
23 ‘ . M0.5.96 | 3.91 2.33
SAT24 1.08 2.93 5.92 1.27
SUN25 SAT1.86 l.iS
25 TH.2.92 2.52 3.43 SUN
27 TJ.1l.41 3.24 6.14 1.28
28 SAT SA.4.62 1.39 1.68 1.41
29 TH.1.5¢6 2.60 6.29 1.64 SUN
30
SAT31 0.99 3.86 1.04

"




APPLLDIA 1o

analysis and £valuation of Langkok Air yuality lionitoring - Suspended

rarticulate Matter

John Miauleton/Okiu/23 ipcil 1y
TO . Deputy Secritury General

Bubject . Analysis and ivaluation of bangkok Air Quality Monitoring Data.

CHJECTIVES

Reqgularized air quality ronitoring has produced about 1000
paired data scits for IPe ana b from a Bangkok locetion Lor a0, Luil

and 1,34, The 5P wos measured Ly OMEL approved methods cnd oL wag

determined by 0L & “nalytical procedures.  The objectives of this data
FEView were Lo aceernine the aceguacy of the data ard accocunt for the

reported dizcrepancy Letweer nunber of exccedances determinea for the

<4~liour periods and the annual mean viliues,

FINDLICD

The DLGE swuwiarict present the dota for each pollutant by
locatior ana tiwme monti and ,car Ly wminima, geometric means, and maxima.
wine qgraphs are provided te illustrate the findings. The report shows
location anu ueaszcnal differences ang discusses sowme of the observed
differences. The report does ot give any statisztical anaiysis of the
dats, coes not offer any intersretation of findings, asd dees not
discuse the frequency of cxcecucnces ol OB 2d-hour and annual ambient

air quality standards.

In orour to deternine thne adequacy of the data for making air
quality interpretat ons the original data collections were presented by
calendar dates. fThe sheer size of tie data available limited the
analysis to SPM only, for only 1 location, Chulalongkorn University, and

1l year only; 194l with the largest number of ckservations. Pb is not



considered. The raw LPM data are arrayeu in Table 1. The 131 observations
are presented by calendar day, 1 January through 31 December i3ul, in

Figure 1. o data are given for consecutive days, consequently the
individual entrins remain ¢s isclated values and not connectcd. Takle £
shcws the samples werc urawn as follows : Monday 1. Tuesday 45, Vednesday <,
Thursday 36, Friday ©, Saturcay 44, and Sunaay l. Table ¢ also shows the
distribution of &:)4 concentration by deciles calculated trom daca array given
in Table ). Fiqure £ presents the statistical analyses and data summery for
class interval and date array estimazes. The mean values are necessarily
consiuvered estimates since they are derivea from incomplete and irreqular

sampling feequencices.

i rlot of the deciles derived from the data array given in Tablc 1
is shown in Fiqure 3 using lognormal paper. The population appears to be
loynormally distributed. The upper skewed aistribution is duc te the few
unusually high valucs reported. lore vamples and more samples in other
years at the same location arc needed to interpret the significance of the
1901 high values. The distrilbution of estimated S$PM values for a complete
year cannot b constructea from the information available. Further study of
the correctness of the estimates is under investigation for purposes of
attempting a yearly sample cstinmate froin 134 out of 365 days intcnaed to

account for present sampling date discontinuitics.

The Chuialongkorn GBE date show 2 exceedances of the 24-hour
mean, once on 20 January and once on 29 Decembcr, 198L. Tnere were 110
exceedances of che annual mean. Table 2 shows that morc than 30 % of the
obscrvations exceed L.1040 mg/m3; the annual standard is exceeded 64 % of
the time. Until such time as a way is found to reasonably cstimate a
yearly data population; no prediction can be made about the number of
expectea excceedances per years for witho the 24 - hour level or the annual

geometric mcan.
CCRCLUSIOUS

The 3 year, 4 location, air guality monitoring data for SPM
and Pb piovide basis for estimating daily values and their compliance with

ONEB ambient air quality standards.

\\\



The Chulalongkorn University SEM data cannot now be used to
predict cicier 24-hour or annual values for the calendar yoar because
th. number of cbservations iz Liasced ior Tresday; Thursauy,and Scturday
sampling pcriods and is ncc represcntative of the days in a calendax
yudr. Dearci for a statisticel solation for the discentinuous sam:.ling

system iz continuing.

ihe ¢ Tablits and 3 Figures sugyest ways of presenting ana
analysing coliccted air guality cate. Comporisons of locations and
years may oC made using the khind of information summarized in Table 2,
and perforning frequency distribution analyscs for individual years by
locations using the format of Tiure 3. Deteils and cvaluation of trends
should b¢ develcped cnd : resented accoruing te a sample interprecation
given on pp 4b-Ls. “eralysing and Interprati:,: Air Monitoring Data®, WO

Offset Puplicaticn Lo, %i, 19s0.

the DL)s report should ne written to make certain the values
are real for the days samplea and only estimates for the calendar year .
The actual cxcecdances tor OLEL S air quality standards of 2 times for
Z4-hour anc 110 times Eor annual arc real. HNO ustimate of the number of
vxceedanCes expected in a caicnuar ycar can be given until an accgptable
solution is found fcr correctly stating the probabilities of the

collected data cepresenting a calendar year.

Present and future air juality monitoring data must be
collected for a prescribed sampling period that faitnfully represents the
days of the week ana the three scasons and at the same time collects the

largest numnber of samples possible considering fagdlitics and personnei.

Priority for data collection shculd be given for locations
representing imporcant populations at risk and for continulty in

sampling site locations.



Table 1, SPM Chulalbngkorn 1981 = mpn

~ 4 -

0660~
0711~
0768~
0737~
0789~
£301-
0806~
0826-
- - 0828.
08 30~
0839~
0372~
0886~
0902~
0911
0929~
0931~
0972~
- 0989~
0993~
1017~
1017~
1019~
1035~
1042~
1049~
1055~
1064~
~ 1090~
1093~
~ 1099~

7.6 %

15.3 %

24.4 %

10-

10-

65—

1104~
1110~
1134~
1135~
1144~
1161
1162-
1174~

1193.
1195

1214~

1217~

1217~

1220~
1222~
1227-
1232~
1262-
1260
1307-
1328~
1336=
1346~
1548~
1358
1363~
1364~
1378=
1382~
1397-
1404~
1409~
1415~

[¥edian

66~

14164

10~

48~

1422~
1437~
1438~
1442~
1447~
1463~
1521
1537=-
1550~
1551
1559~
1575~
1595
15891

1607~

1643~

1652

1656~

1659-

167 3

1728~

1732~

1734=

32,1 %
1745~

1752~
1796~
1833~

1845-

1853~

1860~

1689~

1902~

7643 % 10-1912-
1919~

1942~

1943~

1954~

1955~

2030~

2063~

2068~

2091

84.0 % 10-2114~
2115

2117~

2118

2153

2162~

2169~

2206-

2236~

2257~

91.6 % 10- 2294~
2336-
2372w
2478~
2500-
2565~
2578~
2593~
7655~
2708~
10-3200-
% 51-2086-

39.7 %

47.3 %

50.4 %

54.9 %

61.1 %

100

24=h std = 0.33
Ann  std o 0.10
na=13

68,7 % 10~1736= |

20 April 83 Arithmetic wean

n= 13 '

X = 0.15326
6w = 0.05579
8,..,= 0.0560
2, = 20,0772
glz 3-48488

= 0,1533
= 00056

LU (1|

22 April 83 Geom. mean X

n= 13

Tr e
£g = 0.142379
S = 1.425249
Otz 1,4251

Annual Geometrie mean
0014}9 Enﬁ
Geometrig Std. deviatlon

144232 = 3n for the entlire
population {s uged,

2 exceedances of 24-h ¥
110 exceedances of annual

\¥



Taisle <. Statistical Lunmary, of SIhi, Ciulalongkorn university, 19C1

Decile Concentﬂation Statistical Sunmar,
m:, /T
1¢ 0.0878 io. of Quscrvaticus 1.1
20 0.104¢ Days of Quservatio.s i.ondoy 1
30 U. L1069 B Tuecsday 45
40 0.1105 wedrngesday 2
50 0.1420 Tiicrsday 38
qs; U.1507 Friday 0O
Saturday 44
Sunday L
70 O.l71s Ral..,e 0.UeL0-0, 3580
80 ¢.2009 taedian 0.1410
Aritamctic meas. 0.4530
B4 0.2114 Stardard deviation .0558
9u 0.:.45¢ Geometric meai. 0,149
95 0.2938 Etaiaard deviatioqn L,dize
98 0.3507 va ™ percentile 0. 2044
100 0.304t

Lecile co.centrations are derived

from the data array.,

Tie sta!:edetl,'ch

product of »MgSDqg.

percentile is the

The geometric mean calculated from class
mid-points from 0,2495 to 0.42495
by 0.0500 class interval is 0.1434

(Refer to Fig. 2)
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Figure 3 Dpecile Plot of Chulalongkorn spM (1981) values with geometric

mean and 84 th percentile population curve
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APPENDIX 13
USEPA Analysis of Bangkok SPM Data, 21 June 1983

Assistance for Jonn Middleton Regard ing SPM Data in Bangkok, Thailand

Egtimate of the annual geometric mean

The geometric mean for a set of data is defined as

- n l/

Where x, are the individual observations x........,%xn, and n
is the number of observations. This calculation can be facilitated
with::the use of logarithms and is independent of the underlying
distribution. In order to properly estimate the annual geometric mean
(as well as other statistics) the sample of observations should be
representati-': of the entire year. Every day does not aved w e
sampled, but, in yg=neral, each season or calendar quarter should be
represented, as well as each day of the week. These periods require
equivalent representation since they may correspond to different
pollutant levels; disproportionate representation could yield biased

statistics,

The problem of sample representativeness is usually handled
by an appropriate sampling schedule combined with a minimum data
completeness criteria. EPA currently recommends one sample every six
days as a minimum sampling schedule for TSP. this systematic schedule
ensures equal representation of each day of the week as well as
seasons of the year. For the calculation of summary statistics (such
as the geometric mean) from EPA's data bank, we currently require a
minimum of five observations per calendar quarter with the additional
requirement that if one month dvesn't have any observations, the other
months must have at least two. Statistics are usually not reported for

sites which 0 not meet this criteria.

O



In situations in which the data may not be representative of
the entire year, st-tistics may he calculited with the use of weighting
factors. For example, the cnnual geometric mean may be based on the
geometric means of the observatione within each calendar quarter. This
approach is k.ing considered for EPA's revised particulate matter
standard. This would 2llew for a differenc number of samples in each

quarter, as long 2s the ninimun nucber werce still satisficd.

Thes: gencral considerations, unfortunately, do not completely
solve the problem for the Sk data from Chulalongkorn University. As
you point out, thesc data were derived from ¢ schedulc on which semples
werc c¢stentially takon only on Tuesdays, Thursdays, and Saturdays.
Using thce EPA criteria, these data would mect the minimum required
completeness. hkowcver, depending on the actual weckly cmission patterns,
the annual geomotric mean resulting from these data could bi biased.
For cxample, if the SPI or Sundays is significantly lower than the SpM
on other days thu geomctric mean calculated from thc sainple would be
higher than the true geomctric mean. Knowledge ox assumptions about
the weckly emission pattern can allow us to improve the cstimate of
this geometric mean. The follewing arce some examples: If we assume that
Tuesdays, Thursdays and Saturdays arce representative of the remaining
days, on the avirage, then the sample annual geometric mean would be
representative of the truc annual geometric mean. Cn the other hand,
if Saturdays are represcntative of Sundays, while Tuesdays and Thursdays
¢#re representative of Mondays, Wednesdays or Fridays, then an appropriate

weighted average should be ugsed.
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2
Comparability of 0.10 myg/m” annual SPM standara witn 9. 3.3 mg/m” 24~hour

SUM standar:

The cemperabilic: oi on annuvas SFM rtandard with o 24--hour Spy
standara depend on the interpretation of attainment of the reepective
standards as wlll o tho varierisity among the SPM measuremonts. I uill
asswme chat the 24-ncur SIM stondosd ie compavable to the carrent BEL

«4-hour T8y sgtandard which oniy allows one Zw-hour ISP cxcucoance

per yeor. The cffective stringuney of thes standard depends on the nunber
of sumples; the chance to dovesot eXeoedances ¢ the standard level
increazcs os the nuaber of sampling dovo dncrecses.  This is not the casc
with the annuil ctandara whoere the annual geomctric mean ic somewhat

independent of sample size.

The cther factor wnich atfects the relative stringzncy of
these scandaris 15 the varitcilicy among SiM nwasurements. This variabi-
lity can by exprusscd in teras of Ctharacteristics such os peak--to~iacan
ratios or standard geomctric deviations, which iwmay viory from site-to-

site, or ycar-to-ycar.

One way to compare the annual and 24~hour standards is in
terms of a measu:z. of typical variabiiity. For the Chulalongkorn
University Sk, the 3-ycar geometric standard dueviation, calculated’ from
Jour data: i1s 1.8 Tlising this vizlue, a gecmctric rioan of 0.10/mg/m3 and
the assumpti_.n thac the distribucion can be reprecented by a lognormal,
then the expocted sceond highust corncintration among 131 samples wouid
b 0.35 mg/mj, vith 3 to « (xcoedances erpected per year. Thus on the
basis of this varizbility anc sample size, the 24-hour would b expected
to be cicueded cven when the annual standard vas attained. Looking at
the actual duta, the s4-hour standarg Wa5 noet exXceedea in 1980; it was
exceeded cnce: in 1981 (the December 2Y value of 0.33 would not count o5 an
exceedance), and it was cxcceded 11 tines in 1962. 7This corresponds to

Ehe: cstimated average excecdance roce of 4 tincs per year.

Th.: annual standard was only excecded in 1981 with an annrual

. . _ 3 , . .
gecmetric mean cof 0.12 mg/m”~. This value wes calculatea as = simple



- -

unweighted geometric mean. The mean for 1980, a partial year, was 0.08
mg/m3 and the mean for 1$82 was 0.09 mg/mf On the basis of these results,
the 24-hour standard appears to be morc stringent than the annual

standard, at this site. If thc variability {e.g. geometric standard

deviation) is smaller at other sites, then the annual standard may become

more stringent.

\7/\



APPENDIX 14

Guidclire on hir Quality Models

A publication on file¢ in DEQS library :

Guidecline on Air Quality Models, OAQPS-Guideline Series,
USEPH, Uffice of Air Quality Planning and Standards
Research Triangle Park, NC 27711, EPA - 450/2-78-027,
OAGPS No. 1.2 - 080, April 197,



APPENDIZ 15

Air Quality [Models

A publication on file in DE%S library

Sunmaries and Proposed Recommendations Concerning
Air fuality Models Submitted to Environmental
Protection Acency, USEPA, Office of Air Quality
Planning and Standards, Research Triangle

Park, NC 27711, October, 1980.



&FEENDIX lo

Stationary bvource Control Technclogies and Systems

Pertineat secticns listed ieilow are contained in the

following puklication on file in DEGS iibrary.

dJest Available Control Tccehnolodgy -~ Leowest
Achievable Laission Rete LLCT/LLAT
Clearinghouse, USLPA, Control Frogresses Developnent
Division, Of{ice of Air Quality Ilanring and Standards,

Research Triangle Park, uNC 27711, May lsbe,

Appendix L. Control Technoloay Determiration
Ly Type of Sourcc -~ Surnary of Emissions

Linitations, pp. © 1 - 122

Apperdixz C. Coutrol Technology Determinaticns for

External Combustion Scurces, ppp. C L o« 38,

rppendix-G. A Comypilation of Control Technolecgy

Leterminations, pp. ¢ 1 - 66C.



APPENDIX 17

Source Monitoring Systems for Enforcement of

Emission Standards

These systems are described in the following publication

on file in the DE¢S library :

Continuous Air Pollution Source Monitoring Systems,
Handbook, USEPA, Technology Transfer
Cincinnati, OH 45268. LPA 625/6 - 79 - 005, June 1979.



APELNDIX 18

Air Pollution Contrel in Thailand

A Publication on file . the [EQS library.
Air Pollution Contrel in Thailand, Final Report to the
National Environment Board, Prepard by

John T. kiadleton, il July 1579.



APPENDIA 19

Air Pollution Couvrse Materials, 1 February 1983 memorandum

John iddleton/08iEB/1l February 1983
To : Deputy 5ecretary General
Subject : Air Pollution Course Materials

Through the courtesy of USEPA and the especial interest of
Mr. Ronnie E. Townsend, Chief, Manpower and Technical Information
Branch, ONEB was given an extensive set of Air Pollution Teaching and

training materials. There are 3 course categories:

Corresypondence
Self Instruction

Lecture and Laboratory

The materials in EQSD cover 22 course subjects and may be

used within the Division for spccial study, but may also be useful to

teachers offering courses at undergraduate and graduate level. I shall

look into using the training naterials for Division staff and discuss
the possibilities of extending their use to AIT and selected

universities.

Any suggestions you care to offer fox their use will be
appreciated.



AIR POLLUTION COURSE MATERIALS

Environmental Quality Standards Division, Received from U.S.

Environmental Protection Agency, Air Pollution Training

Institute, November 1982

Correspondence Courses

416

434

436

. 437

Inspection Procedures for Organic Solvent Metal Cleaning
(Degreasing) Operations
Guidebook

Inspection Source Test Manual

Introduction to Ambient Air Monitoring
Guidebook
Student Manual ~ Atmospheric Sampling (Same

Manual as used in Course 435)

Site Selection for Monitoring of So2 and TSP in Ambient
Air Guidebook
Optimum Site Exposure Criteria for SO2 Monitoring
Selecting Sites for Monitoring Total Suspended

Particulates

Site Selection for the Monitoring of CO and
Photochemical Pollutants in Ambient Air
Guidebook
Selecting Sites for CO Monitoring
Site Selection for the Monitoring of Photochemical
iir Pollutants'

Self Instruction Courses

412

Baghouse Plan Review
Student Guidebook
Display Slides - 35 mm, 1-75

Casette - "Baghouse Operation and Maintenance".



417

422

444

473

“Zontrolling VOC Emissions from Leaking Process

Equipment Student Guidebook

Air Pollution Control Orientation Course Instructions
for Use Units - 1-9, including casettes for

1-2 and 5%-9

Diagnosing Vegetation Injury Caused by Air Pollution

Boxed material - 1

Introduction to Environmental Statis tics

oned meterial - 2

Student Menual

Student Workbook

Lecture and Laboratory Courses

411

413

415

420

Air Pollution Metcorology
Instructor's guide
Student Manual
Stucent Workbook
Workbook of Atmospheric Dispersion Estimates

I'lume Risc

Contrcl of Particulate Emissions
Instructor’s guide

Student Workbook

Control of Cascous Emissions
Instructor's gquide
Student Manual
Student Workbook

Alr Pollution Microscopy
Instructor's guide
Laboratory Manual
hsbestos ~ Containing Materials in School Buildings

A



423

426

427

435

444

450

Dispersion of Air Pollution - Theory and Model Application
Instructor's quide
Student Workbook
Selected Readings Packet

Statistical Evaluation Methods for Air Pollution Data
Instructor's guide
dandouts

Table of Contents for 2 sSelected References

Combustion Evaluation
Instructor's guide
Student Manual
Student Workbook

Atmospheric Sampling
Instructor's guide
Student Manual
Student Laboratory and Exercise Manual

Air Pollution Field Enforcement
Instructor’'s guide
Student Manual
Student Workbook

Source Sampling for Particulate Pollutants
Instructor's quide
Student Manual
Student Workbook



452 Principles and Practice of Air Pollution Control
Instructor's guide
Student “Workbook
Meteoroloyical Factors Affecting Atmospheric
Pfollutants Cost Effectiveness of Air Pollution

Control Strategies

464 Analytical Methods for Air Quality Standards
Instructer's guide
Student :fanual
Laboratory txercisec Manual
Guidelines for Development of a Quality Assurance
Program Trancfer Standards for Calibrations of
Air rornitoring Analyzers for 03
Technical Assistance Decument for the Calibration of

Ambient O3 Monitors

482 Sources and Control of Volatile Organic Air Pollutants
Instructor's guide
Student Workbook
Regulatory Documents
Control Technigues for Volatile Orqganic
Enissions from Stationary Sources
Summary of Group 1 Control Technique Guideline

Documents for Control of Volatile Organic

Emissions from Existing Stationary Sources

1 December 1982

9
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Appendix
Appendix
Appendix

Appendix

Appendix

Appendix

Appendix
Appendix
Appendix

Appendix

appendix

Appendix
Appendix
Appendix
Appendix

Appendix

Appendix

Appendix

lo

9.
10.

11.

12,

13.

AI'FENDICLS

Lastern Scakoard (ESB) overview rclative to the preparation
of an air quality nranagement plan for the Map Ta Phut

development planning area. 17 December 1982 memorandum,
DEQC Enission Inventory Questionnaire

RTG Air guality Standards
RTG Ieasurement Methods for Air Quality Standards

Comments on Adwciyuacy of Data for Air Quélity Assessment.

December 1982 memorandum.

Motor Vehicle Air Pollution - Bangkok. 18 March 1983

nemcrandwn.

Impact of LPG on Motor Vehicle Air Pollution - Bangkok.

3 une sval 3 Lcaaae,

Proccdures for Emission Inventory Preparation
Compilation of Air Pollutant Emicsion Factors.
Stationary Source Testing HMethods.

Analysis and Evaluation of Bangkok Air guality Isoni toring~-

Lzad. LY April 19¥3 mcmorardum.

Analyéis and Evaluation of Bangkok Air Quality Monitoring-

Suspended Particulate Matter, 23 April 1983 memorandum.
USEPA Analysis of Bangkok SP!f Data, 21 June 1983
Cuideline on Air Quality todecls

Air Quality Models

Stationary Source Control Technologies and Systems

Source Monitoring Systems 'op Enforcement of Emission

Standards
Air Pollution Control in Thailand

Air Pollution Course Materials, 1 February 1963 memorandum
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