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1. Introduction
1.1 Objectives of the Survey

“This survey has two objectives: one, that the Japanese government provide the Thai govern-
ment with the data and advice necessary for the latter to formulate an environmental control plan
for air pollution (with respect to $O,, NO,, and suspended particulate matters) primarily accompa-
nied by industrial activities in the Samut Prakarn district of the country; and two, that the survey

team on behalf of the JICA accomplish technology transfer concerning the survey work to the

ONEB (Office of the National Environment Board) the counterpart agency of Thailand, while

this survey is under way.
1.2 OQutline of the Survey

In order to furnish the necéssary data useful for planning the environmental control of air
pollution, the team firstly measured the atmospheric concentration levels of pollutants and
meteorological variables as well as the amounts of air pollutants exhausted from the sources across
the district. Secondly, the team investigated the correlation between the emission volumes and
ambient pollutant concent:rations by using air diffusion simulation models, thus clarifying the con-
tributions of individu_ai sources to the environment. In order to induce the necessary advice for
planning environmental control measures, the team also compared the current ambient pollutant
concentrations with the environmental standards; screened the target emission sources that re-
quiréd remedial actions based on the contribution rates of such sources; studied the methods of
depleting the emission sources (including such measures as reduction of emissions, instailation of
higher stacks, and improvement of fuel quality); éstimated the costs required for abatement of
emission sources; assessed the possible impact of such source improvements on production cost and
national economy; predicted the [uture ambient pol!utant concentrations after such remedial meas-
ures are implemented to sources, and confirmed the compliance of the improvements with the
environmental standards. The team furthermore reviewed the monitoring system of sources and
ambient pollutant concentrations and collected various relevant data that lead to the improverent
of legislative and administrative structures involved in environmental conservation, thus making
comp:ehenswe suggestions for formulation of the environmental control plan while consndermg the
social and economlc situations of Thaitand.

F:gure t illustrates the outline of the survey and the job relatio'nships'.



" Study on the present
Study on lln.: prcscn! udmmmr;mv_c Invastigation of the meworological und
c”nl_'ls for sir pullution prablemsy in saurces of air pulttants aimosphiric cavironmental
Thauitand
conditions
ST

Analysis of uir polluliori status through studics un
environmeneak polltent concentrations, metesrological
conditions wnd emission sources, os welb as devetopment,
verification, und  evaluation of air diffusion simuiution audels

Evaluatien of the present environmenlal status by using
stinulinion models of mmospheric  environniental pollutant
concentritions. (study on the pollulion patiern of the entire
district, comparative study in lighl of the envirormental
control siandards, and estimation of cenirihitions by svurces)

Planning for improvement

of sources -
i [1
Specific coritre! measures for Projection of aunospheric environmental
poilutini emission sources | cencentrations after implemeniation of coun.
undd estimation of the cosis 10 IEFMeUsres against sources
he incurred . . . s
A,
X

Assessment of impact on

national ceoneny

Swudy on the fiture environmenta] mositeding system for suurces

© Optimum moniloring points for envireamental guality und
meteuratigical variables, and their snil number required

@ Study on admnnast_ratwe agencics and o suggestion

o Databuse to be mainsained by the adminisirative sgencies
aml recammended sipplications

© Environmental siontards of the mitjur gdvanced couniries
und NIES und the concepts thereof '

© Legisluative ond administrative strseinre invelved in
environmenial coascrvation in Japan

Short- and long-tetm Strategics for formutition of sumospheric eavironmental cantrol plans.
by administratin anl faclories)

Figure 1 Flow Chart of the Entire Survey

1.3 Survey Area

Samut Prakam Province is 51tuated on the south 51de of the metropohtan region of Bangkok,
comprising the counties of Phra Pradaeng, Muang, and Bang Plee. This survey covers, as shown in

Figure 2, an area of about 60 km from east to west and about 30 km from south to north mcludmg |
these counties and part of Bangkok Clty

1.4 General Statement of the Area

(1} Geographical features

Samut Prakarn Province is situaied in latitudes 101° East and 14". North and on the south side of

the metropolitan region of Bangkok, and is an industrial area having an area of about 890 km>. The
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south side of this province is facing the Gulf of Thailand as shown in Figure 2, with the Chao
Phraya River flowing nearly in the center of Muang, and is nearly flat across its whole area, the

maximum elevation of which is less than 20 m..
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. Figure 2 The Regional Map of Samut Prakarn Province

(2) Climate _

There is little change in temperature throughout the year, and the annual average temperature
is 28°C to 30°C. Humidity also stays at 75% to 80% the year round, characteristic of a typical
tropical climate. The climate is divided. into three seasons, the Hot season (March to June), the
- Rainy season (July to October), and the Cool season (November to February) by wind type and by
rainfall frequency. The wind maintains a mostly S direction in February to August, and an N
diiec_tion in November to December, but no consistent direction in the other months. The wind

velocity is around 1 m/s to 3 m/s, often less than 1 m/s.

(3) Dlstributlon of sources

There are about 2,500 small and !arge factones located in Samut Prakam Province, most of
\_h_';thh are concentrated in Phra Pradaeng. the central area of Muang, and the south banks of the
Chao Ph;aya River. Qutside of these counties, the factories are sporadically located in Bang Poo
Industrial Park and Bang Plee Industrial Park, and along the expressway of Bang Plee.

The trunk roadways in these provinces are expressways, and state and provincial roads, the

total length of which reaches over 200 km with a daily average traffic volume of about 500 to 75,000
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cars (inciuding motorbicycles) depending on the routes.

The other emission sotrces of air pollutants include ferrybo‘ats and ships. About 150 ships per
day with tonnages of several hundreds to over 10,000 are sailing along the Chao Phraya River. In
addition, the ferryboats arc in service between both banks of the Chao Phraya River running
through Phra Pradaeng, with their number at about 1,300 a day (which accounts for the frequency

of services between three landing spots for the boats).

(4) Plan for developmeht _

Two industrial parks, Bang Poo Industrial Park and Bang Plee Industrial Park have been de-
veloped in the province to attract factories from -within ‘Thailand and from abroad, Bang Plee
Industrial Park is intand baéed and has a short history since its development, and at present about
20% of the site is occupied by factories. Bang Poo Industrial Park, on the contrary, has been well
developed enjoying about 1/3 usage of the 600 ha mdustual park area being used by a variety of
factories in operation mcl_udmg foodstuffs, chemicals, metals, textiles, piastl_cs, rubber, and clothes.

In the future, the whole site of the park is likely to be occupied as more factories are moving in.
2. Present Status of the Ambient Pollutant Concentrations

In order to understand the status quo of the concentrations of air pollutants {such as SO,, NO,,
suspended particulate matters (SPM), total suspended particulates (TSP)} and also to clarify the
meteorological pattern of the district and to grasp the conditions of air diffusion, the study team
placed monitoring stations at 5 spots.in the target district, as agreed upon between both govern-
ments and thus monitored air pollutants and meteorological variables year-round. The team also
identified all the sources (including factories, cars, ships, and ferryboats) which emit air pollutants,
and quantified the ambient concentrations of SO, and NOQ, in the district as a whole by means of
the air diffusion models. The result of the survey and the current ambient concentratlons of pollu-

tants in Samut Prakarn Province are described as follows ' o
2.1 Contents of the Survey

(1) Field survey of atmospheric pollutant concentrations and méteOrological variables

With the monitoring stations installed at 5 spots in Saraut PraKarn Province, the ambient pollu-
tant concentrations and meteorological conditions shown in Table 1 were monitored for the period
from January 17, 1988 through January 16, 1989. Furthermore, the team étarified the composition
of the chemical components in the particu[ate mattefs’ and then analyzed 39 chémif‘al components
in TSP by the neutron activation- analysis and othus for thé purpose of estimating the percentage
contributions of pdrncu!ate matter by sources using the CMB (chemical mass balance) method. In
addition, in order to determine the chemical compositions of sources of particulate matter, the

team conducted chemical analysis on soil, roadway dust, and gasoline.



Table 1 [tems to be Monitored at Monitering Stations

: s e
Measurements Sl.ﬂmn# . pe".(-’d. [ Instrumcnls applied
monetoring -

S0, I 2 N M | year Ultravinlet- [Iuoruccm ptonutie-continuous measuring instrunieat

. : (instantiancous and an hour average)

NO, 1,2,3,4,5 1 year Chemiluminescence-automatic-conlinuous measuring instrument

(NO, NOy) ) {instantancous and an hour average)

SPM 1,2,.3.4.5 | year f-ray nbsorption automatic continuous measering instroment (an hour
average)

TSP 1.2.3,4.5 | year Low volume sumplers (o moath average with two times filter
replacement, 15 daysHilter)
‘Two samplers in usc are one with a quartz filter and the other with a
polyfluorocarbon filler.

TSP size i,2,3,4.5 3 seasons Andersen sampler 15 days average

distribution rainy, dry, .

mid-term
14 Wind velocity | 1 (3-dimensional) | year 2- and 3-dimensional witrasonic '\ulomal;c continuous anemometer 10

direction 2, 5 (2-dimensional} minutes moving average

Solar radiation | | 1 year Automatic continuous measuring instrument {instantaneous and an

Radiation { hour average)

balunce .

Air turbulency | | { year 3-dimensional wltrasonic anemoemeter (horizantal and vertical

’ direction)

(2) Investigation of the sources of air pollutanis

)

2)

3)

Factories

The amounts of SO, and NO, exhausted from factories were estimated in principle based
on the results of the questionnaire survey. As for those minor factories to which no ques-
tionnaire was sent and.those from which no response to the questionnaires was received
(572 factories), we set the base unit of fuel consumption per employee utilizing the data
from the responding factories who reached to 208, and thus estimated the fuel consumption
“and emission volumes of SO, and NO, of the tormer factories.

Cars |

The team calcuiated the amounts of SO, and NO, exhausted from cars running on the roads
with the ‘total length of 243 km based on the traffic volume by type of car and data on
: driving speeds as well as the emission factor of non-emission controled cars established by
Japan’s Ministry of Construction,

Ships and ferryboats

We estimated the amounts of SO, and NO, exhausted from the ships navigating along the
Chao Phraya River and the ferryboats in service between both banks of the Chao Phraya
River running through Phra Pradaeng, based upon the survey of the number ofiships, the
emission factor of ships established by Japan’s Ministry of International Trade and Industry
and the results of the analysis which was sepafately conducted on the sulfur contents of

fuels,

(3) Simulation of air pollutants.
1) SO, and NO,

In this survey, it was thought necessary to calcuiate 'under various meteorological conditions
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the ambient pollutant concentrations across the whole area of Samut Prakarn Province,
having a huge number of sources. Furthermore, since the topographic cffect on the state of
diffusion is considered negligible due to the flat configuration of'th_e ground in the area, the
study complied with the manual of the ambierit SO, and NO, prediction method in compre-
hensive environmental assessment issued by Japan’s _Ministfy'of International Trade ‘and
Industry, thus calculating the long-term average concentrations (yearly average concentra-
tions) of SO, and NO, by using a plume-puff model.
2) TSP

The simulation of the atmospheric concentrations of particulate matters involves various
problems such as the diversity of so_t,irces, modeling of the production of secbndary particles
and modeling of the precipitation and deposition of particles, making it difficult to use an
air diffusion model. Relying on the chemical mass balance method (CV{B method) ‘which
has recently .drawn worldwide attention “the team estimated the contribution rates of par-
ticulate matters by type of source (i.¢., sea salt particles, soil and roadway dust, diesel cars,

gasoline cars, the iron and steel industry, the glass industry, and oil combustion).
2.2 Outline of Survey Resuits

(1) Concentrations of air poliutants
1) Present status of ambient pollutant concentrations

When the: concentrations of SO; and NO, (Table 2) measured in Samut Prakarn Province
are compared with the national air quality standards of Thaitand (Table 3), it can be seen
that all of the meonitoring stations have satisfied the standards. As compa’red'wi'th the en-
vironmental standards of other countries (Table 4), however, the value of SO, at MS 3
exceeds the standard values of England, France, Canada, Australia, and Japan. As for
NQO,, the values at MS 1 and MS 4 exceed the standard level of West Germany, and further,
the value at MS 4 exceeds the standards of Taiwan, Korea, Australia, and Japan.

With respect to SPM, no standard value has been established in Thailand. When compared
with the standard values of the U.S. and Japan where the environinental standards have
been stipulated, it is found that Thai values, except for the measurement at MS 5, are all
found to exceed the U.S. and Japanese standards. | -

2) Dally variations Of the concentrations of air pollutants

As for 50,, although the concentrations at MS 2 and MS 3 are relatweiy hlgher than at the

_ ot_hf:r monitoring stations, al{ the stations show high concentrations during the time frame
from night until early morning,' and low C(')'ncemrations' in the daytime
Regarding NO, and NO, (NO + NO,), the concentranons at MS 1 and MS 4 along the
trunk road are hlgher than those at the other stations, but all stations exhibit a double- peak
type pattern havmg a peak at 7:00 to 8:00 'md 19:00 to 21:00, respcctwe[y
The values of SPM do not show very significant differences among stations, mdicatmg the

same double-peak pattern as in NO, and NO,.
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Table 2 Measured Values of Alv Pollutants

[tem Code {Sla | Effective | Monitoring | Yearly | Yearly Haxiowm Maxiaus Yalues of
nonftoring Gecnetrie | values of | values of | 88% cwmuia
{unit) | tion{days hours Average | Average hourly dally av- | Llve daily
: (days) thrs) data erage dala | average
ol 362 8684 1 4 109 23 19
S0, HS 2 354 B515 12 g i12 34 30
(pob) HS 3 352| 8502 24 16 199 1 60
HS 4 360 8562 5 3 18 20 14
s 5 29 1225 3 2 48 21 8
HS 354 8560 16 12 138 49 33
NO HS 2 16 17763 9 6 69 32 20
@W; M5 3 16 6805 12 10 8 41 340
HS 4 288 709743 15 10 15 69 46
HS 5 3185 164¢ 5 J 4 16 14
HS 354| 8558 38 - 23 491 176 112
NO % HS 2 316 17163 18 4 132 a6 40
{opb) HS 3 218 66174 24 g 251 75 62
4] - 289 1092 3 4 22 343 180 105
K5 315 1639 9 6 21 36 25
 HS 348 8389 60 46 471 156 0
SPM M5 ? 344 g§419 56 42 8170 169 5
{ yﬁ)'ﬁ. 3551 8579 [ 50 102 151 32
" HS 4 3501 8504 6 8 49 8605 201 16
MS 5 43 8322 .43 32 6§61 118 103
tote) An effective moniloring day has 20 monitoring hours or over

Table 3 Thailand’s Envirenmental Contrel Standards for Air Pollutants

Standard of
Poliufant aly pollution

(zp/a?) | (pra)

SO.- Daily average 0,30 | 0,117
! I'Yearly gewsetric average 0.10 | 0.03

NQ; | Hourly data 0.32 0.173
e Daily aversge 0.3] —
ISP 0.10

Yearly geomelric average

3) Seasonal variations of the céncentrations of air pollutants
While the concentration of 802 somewhat varies from one monitoring station to another, it
is generally high during the dry season (November to April) and low during the rainy sea-
son (May to October). As for NO, and NO,, on the other hand, the stations except for M$
1 show high concentrations from the rainy season to the dry season (August to December),
whereas the concentrations at MS 1 are high during the ramy season (May to October).
Regarding SPM, the concenuauon is high from November to March, but all stations show

low concentrations from May through August representing the rainy season.



Table 4 Eavironmental Air Quality Controi Standards of Major Countrics
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(2) Meteorological Structure

1) Wind direction and wind velocity
The wind pattern in Samut Prakarn Province is uniform despite the fact that this district
covers a wide area of 60 km from east to west and 30 km from south to north, and does not
-exhibit-any presence of a local wind pattern. The wind velocity is generally low, with the
yearly average recorded as about 2 to 3 m/s, and it is rare to experience a wind velocity of 6
m/s or higher. As for the daily variations of wind velocity, it is high in the daytime, and low
in the nighttime. In addition, there is little seasonal variation in the wind velocity. The wind
direction, on the other hand, has a noticeable seasonal feature in that it is S system from
February to August, N system in November and December, and not fixed in the months of
January, September-, and October, which represent the turning of the seasons.

2} Atmospheric turbulence -and the conditions of diffusion :
The degree of turbulence in the horizontal and vertical directions, which exerts effects on
the advection and diffusion, becomes dominant when daytime radiation is strong with good
conditions of diffusion, whereas it is depressed during the nighttimé with no radiation,
accompanied by poor conditions of diffusion. There is a general tendency, furthermore, that

the turbulence size becomes larger as the wind velocity becomes greater.

(3) Emission Volume of Pollutants, N

The amount of SO, currently emitted from the whole area of Samut Prakarn Province is 21,134
tons/ye'ar; 18,330 tons/year (86.7%) of which. is attributable to factories; followed by 1,330 tons/
year (8.2%) to ships and ferryboats; and 1,474 tons/year (7.0%) to cars. The amount of NO,
exhausted from the whole area is 18,502 tons/year; which is broken down into 8,820 tons/year
(47.7%) from factories; 7,812 tons/year (42.2%) from cars; and 1,870 tons/year (10.1%) from ships.

and ferryboats. .

(4) Ambient Pollutant Concentrations in the District obtained by Air Diffusion Simulation
1) SO, and NO, ' _ _

Using the emission volumes of SO, and NO, and the meteorological conditions as input
data, the team calculated the yearly average concentrations of SO, and NO, in the target
district using air diffusion simulation models. The evaluation of the diffusion models (the
compliance between measured and calculated values) made based on the criteria of Japan’s
Environment Agency is rated both in terms of SO, and NO, at A rank, supporting a finding
that the air simulation models adopted in this survey had a satisfactory precision.
When the ambient concentrations of S0, and NO, in the district were compared with the
environmental S_tanda_fds of Thailand, ‘th'e team found no spot that showed a value in excess
of the said environmental standards and that the whole district met the environmental
standards in the year of 1988. _
As for top eight points with higher yearly average concentrations, a high SO, appears near

MS 3, and NO,, near MS 1. The rate of contribution by sources is calculated as follows: in
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the case of SO,, 77.1 to 88.1% by factories; 3.8 to 5.6% by cars; 5.4 to 11.2% by ships; and
0.05 to 8.0% by ferryboats; and in the case of NO,, 2.9 to 8.5% by factories; 28.7-t0 74.5%
by cars; 2.4 to 12.3% by ships:; and 0.07 to 28.3% by ferryboats; thus showing a large
contribution by factories in SO, and by cars in NO,.
In regard to the rate of contribution by factory stack, small sources with a stack height of
about 10 m are placed at higher ranks in both SO, and NO,, whereas there is no single
emission source which has a contribution as great as tens of percentage.
2} Particulate matters |

- As the sources of particulate matters, the team targeted sea salt particles, soil and roadway
dust, diesel cars, gasoline cars, the iron and steel industry, oil combustion, and the glass
industry, and caiculated the rate of contribution by these sources using the CMB method.
The rates of contribution of natural and artificial sources vary depending on the measured
spots and seasons. Among the artificial sources, the highest contribution rate is found in
diesel cars {with black smoke in exhaust gas), while those of oil combustion and the iron
and steel industry are relatively small with several percent. These contribution rates are
found in good agreement with those of similar areas which have been estimated in various

countries of the world.
3. Countermeasures for Sources, Effects and Influences on Economy
3.1 Future Atmospheric SO, and NO, Concentration when Ne Source Countermeasure is Conducted

Since adverse impact on the cnvironment was forecasted if the 6th econoxﬁiclsocial'develop
ment and the following economic development would be progressed, the atlnospherié SO, and NOZ:
concentrations in future (1992 and 1999) were estimated in the case of the economic devel(')prhént
without the execution of any countermeasures for emission source of pollutants. As a result, it was
found that the concentration of SO, would not exceed the .envircnmental standards for the above
years, but that NO, would exceed the standard in 1999, '

3.2 Improvement of Emission Sources and Consideration of its Effect

As mentioned above, atmospheric SO, concentration will not exceed the environment stand-
ards. For furnishing Thai Government with useful information to conduct emission control in the
future, however, we. predicted the atmospheric SO, cOncentrﬁtion when emission c'ontr'ol for
factories/plants would be implemented, The reasons why tdctorles became to be t1rgct for emission
control are as follows: ' '

(1) Factories take a large contribution rate at high SO, concentration pomts in rangc of 80-90

percent. '

(@ Problems related to unfair competition may result from an imbalance among factories re-

lated to SO, emission volume.
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We predicted also the atmospheric NO, concentration when NO, emission control for cars is
introduced in Thailand in future as cars share most contribution rate of NO, at the points where it

excecds the environment standards.

(1) Countermeasures for factories (SO, emission controls)

As a resuit of the discussion with ONEB on which type of controls would be best if SO,
emission controls werc to be introduced for factories in Thailand, we reached the conclusion that
the concept of Japans K-value control should be introduced. From this conclusion, we estimated
atrnospheric SO, concentration if SO, emission controls were introduced in 1999, This K-value
control is a landing concentration restriction, and can be executed by making stack higher or reduc-
' ing SO, emission volume. From the points of view of economy and feasibility, however, we esti-
mated atmospheric SO, concentration on the basis of adopting plans whereby stacks would be
made higher. As a concrete K-value, the value of 13 was determined by referring to the K-value set
for ind_ustrial arcas in Japan which are similar to Samut Prakarn district in the SO; emission volume
per unit arca. As a result, if SO, emission controls were introduced in Samut Prakarn district, it
was found that 49 stacks could not meet the K=13 standard, and that current stack heights of 10 to

15 meters would have to be increased to about 20 meters.

(2) Cars

Because the reason that NO, environmental standard will be exceeded in future is mostly occu-
pied by cars (contribution rate: 80 through 90%), the NO, volume emitted from cars should be
reduced to achieve NO, environmental standard. Thus the introduction of NO, emission controiled
cars was considered and it was made evident that in 1999, the NO, emission control just like the

1978 controlled car in Japan should be introduced.

(3) Environment air concentration after implementation of countermeasures

~ Although atmospheric SO, concentration will not exceed the environmental standards even if
countermeasure will not be taken in the future, we estimated the atmospheric SO, concentration
based on the assumption that countermeasure (introduction of higher stacks at factories) will be
+ introduced in 1999. As a result, it was clear that the atmospheric SO, concentration would be lower
than if emission controls were not implemented. If NOx.emission controlled car was introduced in
1999, we found that the atmospheric NO, concentration in the Samut Prakarn district would not
exceed the _ehvironmenfai standards, even if the current economic/social development plans are

carried out.
3.3 Estimate of Cost for the I.mproveme'nt of Emission Sources

We estimated the actual cost for the implementation of SO, emission control for factories.
Although the proposed countermeasure to meet emission controf value was the method of making
stack higher, the costs for energy saving, desulfurization of fuel oil, fuel conversion to natural gas

and desulfurization of flue gas were also estimated, Consequently, the cost for the making stack
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higher of 49 stacks was estimated to be about 115 million bahts. The costs for energy saving at the
49 stacks, desulfurization of fuel oil (processing volume: 3,500 barrels/day for use by 49 stacks),
fuel conversion at the 49 stacks and desulfurization of fluc gas at the 49 stacks were estimated to be

160 million, 880 million, 83 million, and 540 million bahts respectively.
3.4 Influences of the Countermeasures on the Economy of Thailand

(1) Influence of making stack higher on the GDP of Thailand

Since the production amount of manufacturing sector in Samut Prakarn dlStI’!Lt occupies 12% of
the overall production-amount of manufacturing sector in Thailand, it was assumed that the cost for
making stack hio'her in Thailand was borne at the same rate, Consequently, the slow down of the
growth rate of GDP from 1992 to 1999 were estlmated at, when calculated on the yedrly basis,
0.07% (mse A that the measure starts in 1993), 0.05% (case B that the measure starts-in 1995) and
0.03% (case C that the meaure starts in 1997). Concerning the reduction of GDP amount in 1999,
the case A, B and C indicate the reductions by 12.07 biltion bahts (0.42%), 8:63 billion bahts
(0.30%) and 5.18 billion bahts (0.18%) toward the case that no making ‘stack higher measure is
conducted, From this, it was evident that the measure would make little influence upon the eco-

nomy of Thailand.

2) Investment on energy saving in Samut Prakarn district and its effect

The' investment on énergy saving and its effect were estimated assuming that energy saving
would progress at a constant growth rate of 2.81% per year from 1993 to 1999. As a result, the
energy saving amount from 1993 to 1999 should be 65,549 kl (fuel oil), and judging by the unit
price of fuel oil of 3,960 bahts/kl in 1999, about 260 million bahts could be saved—about 1.6 times

the investment amount on energy saving (160 million bdhts)

(3) Investment on energy saving in Thailand and its cffect

The fuel oil consumption of the plants in Samut Pmkarn district requ'ifing countermeasures
occupies 16% of the total in the district if SO, emission control is introduced. Thus the effect of
energy saving when investment on energy saving is conducted by plants correspondmg to 16% the
fuel oil consumption of manufacturing sector in: Thailand was considered. As a result, the energy
saving amount of manufacturing sector in Thailand and iavestment on Enér'"gy saving were esti-
mated to be 314,000 kI and 546 million bahts respectively. In addition, those of the overall indus-
tries in Thailand were estimated to be 666,000 kl and 998 million bahts respectively. Considering
the difference between the consumptions before and after the energy saving measure, the effect of
energy saving of manufacturing sector in’ 1999 was estimated to be 1.2 billion bahts and that of the

overall industries was estimated to be 2.6 billion bahts.

(4) Influence of energy saving on the GDP in’ Thailand

The influences of the investment on energy saving by executing energy saving meaure and

12



export of surplus energy on the GDP in Thailand was investigafed. Consequently, it was estimated
that, if only the manufacturing scctor.invcsicd on cnergy saving, the GDP would increase by |
biili.o‘n bahts tm‘cl. in the case of the entire industries, it would increase by 2 billion bahts. Namely, it
" is considered that the GDP of Thailand increases by conducting encrgy saving measures and con-

verting surplus energy to export.

4. Legal and Administrative Framework for Future Environment Control in Thailand

Although the atmosplieric SO, concentration in the Samut Prakarn district docs not currently
(1988) exceed the environmental standards, and it will not exceed the standards in the future (1992
and 1999), there is some anxiety about the effects on the environment if economic and social
development plans, including and after the sixth economic/social development plan, are im-
plemented. Furthermore, Thailand does not currently have any SO, emission contﬁol for factories,
and it is believed that the problem of fairness will be developed because of the imbalance in SO,
emissions among factories, Because of these factors, it is felt that SO, emission control for factories
will be necessary in the future. With regafd to the atmospheric NOZ concentration, the estimates
show that it will exceed the environmental standards in the future (1999), so that countermeasures

~ for emission sources are necessary. We, therefore, summarized the envifonment control and pollu-
tion regulation system desired from the administrative viewpoint to make the countermeasures to

be executed by the Thai Government feasible.

First, we analyzed the current legal and administrative framework for the pollution control in
Thailand so that we could propose the recommendations to improve some constrains existing in it.
- Second, we introduced the legal system related to the air pollution control in Japan and concepts of
environmental standards and emission standards in foreign countries for the That Government to

| refer to exécuting environment control administration. Further, we proposed the desirable surveil-
lance system and monitoring methdos from the technical viewpoint to observe environment air
qua'lity and emission sources. Our recommendation on the improvement of legal and administrative

framework related to pollution control in Thailand arc as follows.

.(1) In Thailand the basic policy of the environmental preser#ation is determined by the National
Environment Board (NEB) based on the Improvement and Conservation of National Environmen-
tal Qua_lity Act (ICNEQA).and implemented by the Office of the National Environment Board
(ONEB). In this respect, the unification of the'environmental administration has been established
‘and the implementation of the consistent policy has been possible;-like that in other countries. We,
howevér, recommend the following revisions must be made in ICNEQA to strengthen ONEB’s
power. : : _ :
(1) The laws must be im'pr'oved and expanded so that the ONEB can carry out policies related
to the environinental air quality control planned and determined by the NEB and ONEB
smoothly by virtue of the ONEB's administrative power.

(@ The administrative subject must be clarified in each stage of control and administration in
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the léga!'syétem, aiid the administration organization system must be improved and’ ex-
panded based on the stipulation of the laws in order to realize the environmental air quality
control administration effectively, and the résponsibility of entrepreneurs must be stipulated
so that the regulators and the regulated can participate in environmental control systemati-
cally. Namely, the responsibility (power and duty) of the environmental administration in
the local government (provincial or municipal) must be clarified, and the obligations of the
local government must be newly provided as a legal support. Further, to promote smooth
and efficient environmental administration implemented by the national and local govern-
ments, the law must be amended to clarify the entreprencur's duty and responsibility as a
pollutor; (i) to cooperate with the government’s activities, (ii) to make efforts for pollution
prevention, and (iii) to share the expenses of pollution prevention work.

(3 In the_knowiédge that the vital point of the environmental air quality control administration
is to set an administrative goal and to carry out mutual check of the validity of the goal and
administrative measures and the progress, the establishment of the “mutual check” system
must be stipulated in the legal system and the implementation system must be improved and
‘expanded. That is, it is necessary to clarify the environmental staridard serving as the core
of environmental quality control and stipuiate the responsibilities of national and local gov-

ernmerits of Thailand to always supervise the environmental quality.

(2) Although the basic laws for fulfilling the environmental administration in Thailand is estab-
lished, the laws to execute air pollution control have not been arranged yet.. Namely, concrete
matters, who shall control accofcling to what law and standards, have not been specified. Thus, to
aim at effective air pollution prevention, it is considered necessary to establish an air pollution
control faw and arrange the following items legally. | ‘ ‘
(1) To clarify the scope of the substances and facilities (depending on scale of facility and
substance emitted) to be regulated -
(@ To clarify regulation method (by an emission facility and emission standard for each sub-
stance)

(@ To clarify the responsibility of emission sources (responsibility of measuring pollutant, etc.)

(3) It is expected that the administrative organization to carry out the air and environmentél quali-
ty control is improved and expanded of-its own accord through the improvement and expansion of
the ICNEQA and air pollution regulation laws. It is necessary, however, to train public servants to
be experts in environmental administration and technical staff and inc.re.ase_the staff 'i'n=e.a'ch stage
of the administration to give satisfactory management results. Among othé'rs, it is of urgent ne-
cessity to establish environmental departments and sections in the local s'elf-govérning bodies. For
this reason the training of experts in administration and technical staff must be conducted urgently.
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5 Prospect of Short- and Long-Term Strategy for Environment Air Quality Management Planning

Although the '1tm09phenc S0, and NOZ concentration in the Samut Prakarn district of Thai-
land meet the enwronmenml ‘standards of Thailand at the present time (1988), it was found that the
atmospheric NO, concentration ‘would exceed the standards at 31 mesh points in 1999 if the eco-
‘nomic and social devclopment plans of the Thai Government are carried out. If, however, coun-
termeasures are taken to reduce emissions from cars, such as the introduction of NO, emission
controlled car, we found that it would be possible to maintain the levels of NO, so that it meet the
environmental standards even in the future.

Even though the atmospheric SO, concentration will not exceed the environmental standards in
the future (1992 and 1999}, the contribution rate of stationary emission sources is high at 80 to 90
percent and there is no existing S0, emission controls for factories at the present, so that on
apprehension about the effects of SO, on the environment is predicted if economic and social
development plans are continued from and after the sixth economic/social development plan.
Therefore, it is believed that establishment of SO, emission control will be necessary in the future
(1999 or after). We discussed the best control methods to be taken with ONEB if SO, emission
controls for factories were implemented i in the future. As a result, ONEB agreed that, if Thailand
should” adopt SOZ emission controls in the future, the Loncept of K-value reguhuon used being
adopted in Jdpan should be introduced in Thailand. As a concrete K-value, the value of 13 was
determined by referring to the K- vaiue set for industrial areas in Japan which are similar to Samut
Prakarn district in the SO, emission volume per unit arca. As a result, if SO, emission controls
were introduced in Samut Prakarn district, it was f0und that 49 stacks could not meet the K=13
standard and that current stack heights of 10 to 15 meters would have to be increased to about 20
meters. As a result of estimating the atmospheric ‘SO, concentration in the Samut Prakarn district
in 1999 on the ba51s of this 1mprovement plan it was found that the environment would be im-
pI‘OVCd comparmg with the case that no SO, emission control would be introduced.

Whether the concentration of total suspended partlculate satlsfies the environmental standard is
not clear because the mcasurmg method used i in this study is different from the standard measuring
method used for the evatuatlon of environment in Thailand. As a result of the ca!culauon of the
conmbution rates of such sources as sea salt, soil, road dust, diesel vehicles, gasohue vehicles, iron
works, oil burmng and giass industry as the sources of pollutant by using the Chemical Mass Bal-
ance Method (CMB) however, it was demonstrated that the contribution rates of natural and
artificial generahon sources share about half each, and any countermeasure for artificial generation
sources w0uld not have enough effect

As for the costs of the countermeasures for statlonary emission sources to meet emission stand-
ard value, it was estimated that the appllcatmn of makmg stack higher costs about 115 mitlion bahts
and desulfunzatlon ot fuel oil costs 880 million bahts, and if making stack hlgher are apphed all
over Thailand at the same scale of Samut Prakarn the economy of ”[hall:md is affected Itttle S0 that
the reductlon of GDP is 0.42 thlough 0. 18% If SO, emlssmn control was to be implemented, 49
stacks which can not meet the environment standards come mto view. The 1nvestmcnt volume was
estlmated to be 160 million bahts in case that such 49 stacks requnrmg countermeasures adopt an

energy saving measure, it was made clear, however, that about 260 million bahts could be saved by
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implementing encrgy saving at the investment rate of 2.81.% from 1993 to 1999. Further, the effects
of energy saving when such a scale cnergy stving are spread all over Thailand was estimated to
total 2.6 billion bahts f01 all industries and by m'lkmg the effective use of surplus energy saved by
energy saving, the GDP of Thailand will increase by about 2 billion bahts.

To grasp the current legai and administrative framework related to the pollution control in
Thailand, we collected the concerned laws and interviewed with the offlcmls of the governmental
agencies concerned. Asa result of our study based on the collected information, we found out that
the legal system for executing air pollution control was currently incomplete though the basic laws
for fulfilling environmental admtmstmtlon were established.
~ From what are mentioned above, we propose the following short- and long-term strategles for

the enwronment air quality m’magement planning in Thailand.
5.1 Prosbcct of Shor_t-'_l‘erln Strategy (objective for 1992)

(H Estabhehmg [echmcal Methods for Suwe'llmcc System f01 Emass:on Sources

In 1992, atmospheric concentraiton levels of SO, or NO, will not exceed the envlronmentdl
standards of Thailand at any pomt however it goes without saying that surveillance of emission
sources_ls 1mportrant for the development of an environmental air quality management plan. In
this study, queétionnaircs were sent to 577 factories as an effort to collect the information obout
emission volume in Samut Prakarn District and about 36 percent of the questlonnatres were re-
turned. It was also found later that there were 422 remaining factories to which the quest10nna1res
were not sent although they have combustlon facilities. To fill this def1c1ency, the unit fuel con-
sumpt:on per employee was calculated from retrieved data and then used for extrapolatlon to
approximate the fuel consumption of these factories and the emission volume of SO, and NO
Even in the retrieved sheets thele were quite a few mlssmg data with. respect to the emission
volumes of SO, and NO, and thus the method applled is one in use in Japan for estimation of
exhaust gas volume and NO, emission volume that uses the exhaust gas factor and the NO emis-
sion factor. Therefore, the reporter would like to draw special attention to the fact that thls inves-
t]g’ltl{)ﬂ reqult on the air pollutant emission volume. in the Samut Prakarn district is not based on
the actual measurements but on sald estimation efforts _
~In Japan the respon31ble party for the emlssmn of soot and smoke lS obllged to measure the
exhaust gas volume or emission concentratlon Furthermore from 1978 on, quest:onnalres have
been sent by the Environmenta Agency and the Ministry of International Trade and Industry to all |
factories, as done in the Samut Prakarn prefecture this time 'euery three years for soot and dust
and every year for 5O, and NO to measure the quanttty of alr pollutants and the effort was found -
to be useful for succeedmg corresctlve actions.

It is our belief, therefore, that surverllance of emission sources is tmportant to: Smoothly ex-
ecute management of the environment; estlmate air po[lutant emtssnon volume increases with. prog-
ress of eCconomic geowth estimate air pollutants volume when emISSlOH control is to be thabhshed

in the future; and estimate air pollutant volume in areas other than the Samut Prakarn district. The
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actual measurement of concentrations for surveillance for emission sources should not be per-
formed by administrative organ such as ONEB but as described later, related legal framework
should be arranged so that the responsibility for measurement is placed on factorics, the actual
measurement is performed by private parties (entrusted measuring companies with), and ONEB
collects and manages mea's'uring data.

As prospect of short-term strategy, first, ONEB should acquire the technical method (described
in details in Part VIII, Chapter 3) to measure the concentration and volume of air pollutant ex-
hausted from factories and next, raise private measuring companies to transfer its technical know-
how. In addition, it is absolutély necessary to grasp the air pollutant emission volume of other argas
than Samut Prakarn district in studies by questionnaries like performed this time. The question-
naire form and check method for the questionnaires have been already shown as reference. Be-
cause questionnaires are means to grasp air pollutant emission volume accurately, it is necessary to

collect as many data as possible about the items mentioned below.

[Factory name}

{Address]

[Division/s'ection and name of the person responsible for data]'
[Telephone number)

[Content of operation]

A. Outline of factory

Location of factory (marked on attached map)

©

Factory illustration'(indicating stack positions and Nos., height, and length and width of
buildings higher than 5 m) (map scale larger than 1/5000) |
Area (m?)

Operation start time (ekpected)

cRoXol

Major product items and yearly production amount
a. Present '
b. Future

@

Capacity and operating years of major production equipment
a. Present o

b. Future o

Type and yearly consumption of fuel

S

a. Present
b '=FL§tu're: |
Related to soot and smoke
Capacity of facility g'ener'ating soot and smoke (rated, maximum)
Consumption of raw fuel by facility (éutrentiy)

OO ®

- Details of each facility .
a. ‘Type, capacity and scale of facility (for boilers, heat conducting area, etc.)

b. Type, consumption, heat amount and sulfur contents of raw fucl

7



Daily generations of SO, and NO, (rated, maximum/usual volume)

e o

Soot and smoke treatment facility (type, namc,'treatment'capncity)

Stack specification (No., height, shape, bore, etc.)

o

f. Emission volume of soot and smoke per hour (rated, maximim and usual volumes of
emission gas, SO, and NO,)

g. Emission gas temperature”

k. Emisssion .g'as exhaust speed

i. D:flily operation condition (operation start/shutdown times)

J. Yearly operating hours

() Mdhitoi‘ing System of Environmental Air Concentration N )
What is important for fulfilling the environment air quality management is to grasp atmdspheric
pollutant concentration levels as well as to obtain emission volume of pollutant at target arcas
accurately. Although we think that the investigation in Samut Prakarn district this time has satisfied
this rcquncmunt it is necessary to continue monitoring air thty in future, in order to grasp. the
change of air pollutants concentration with a passage of time. In '1(|d1t10n to procet.d with the
environment air quality management of Thatland, it is necessary to grasp. the air pollutants kcronccnw
tration of other places than Samut Prakarn district. Upon determining the location of méasuring
stations, the following matters must be considered as mentioned in details in Part VIII, Chapter 3.
(1) The site where the pollutant concentration is highest. - ,
(@ The most dcnsély populated arca, especially such one where the pollutant concentration is
also high. ' - |
(3) 'The areca which borders the neighbouring county and makes it possible to quantify the
pollutants coming into the area from the neighbouring province.
@ The site where the significant impact of future development is expected.
® T he site where the effectiveness of air pollution control measures can be evaluated with less
difficuity.
(8) The site where the obtained data rep:esent the generdl status of air pollutlon m the area.
Because data collected by measuring stations are used for administrative measures lhey are
required to be highly accurate. Thus it is important to control and mamtam measur mg instruments
completely. For this purpose, it is necessary 1o establish the maintenance/control system as men- -
tioned below to secure the standardization of measurement. The items and contents of the maintc-

nance and control are shown in Table 5.

1) Technical Staff o
The maintenance of measuring instruments’ requires the assngnment of dpproprnte person-
nel in compliance with the contents of maintenance work. In the present survey in the
Samut Prakarn district, the highly qualified technical staff of ONEB carried out the daily
inspection of measu'ring instru'men'ts, 6alibrati0n, éind-par_ts rcplaccment in a collective man-

ner. In the future, however, it will be necessary to assign appropriate personnel depending
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2)

upon the contents of maintenance work and thus to perform the maintenance of measuring
instruments. This will require that mapagement ensure and foster capable personnel {or
monitoring of the environment. The standard number of the personnels for maintenance

and control of measuring stations is a person per 20 stations.

Entrusted M'untumnce and Supuvmon

As long as ONEB can ensure a sutflcicnt number of technical experts, the pumancnt moni-
tonng opc;ahons for air pollution are pmfuahly under their independent management. H it
is (hfflcult to ensurc 'm(l foster such technical specialists, there is a way of entrusting the
operations to private o;gamzatlons. In this case, it will become necessary to provide the
private contractors w1th education and training related to the ‘maintenance of measuring
instruments and thus upgradc their technical capabihnes

The entrusted maintenance is an unavoidable measure to cope with the shortage of person-
nel, but it may sometimes involve a risk of causing a decline iu the accuracy of measured
values. Taking this into account, therefore, it is nccessary to pay attention to the following
thrce points: () not to entrust the operations which have a decisive impact on the precision
of fncasui‘emcnt; (2) to determine the technical level of each contractor and not to entrust
the work in excess of the contractor’s capacity of fulfilling the order; and (3) to create a
system for staff’s supervision and checking of the entrusted job:';' in order to minimize the

risk that could be caused by the entrusted maintenance.

Table 5 Types and Contents of Maintenance

Classification of : Frequeacy of
maintenance _ Purpos_e Executing agency execution Contents

Ordinary To allow aulomatic ONEB and private | Once/week or mere| 1. to confirm the operating status of each

inspection (patrol | measuring contractors as its often . measuring instrument

maintenance} instruments to run subsidiary agencies 2. to replace and replenish supplies

IE -normaily and : 3. to perform simple calibration and
continuously checking
. (acquisition of data) 4, to clean and replace simple components

Periodic To maintain the ONEB and Oncelyear or more | 1. 1o test passage regions

inspection performance of manufacturers of often 2. 1o test detection regions
instruments and carry| measuring 3. 1o test control and transmission systems
‘out preventive instruments 4. to test amplification and recording regions
‘maintenance against :
troubles {to assure -
the precision within
the standard range)

Emergency To perform prompt ONEB and private | Upon outbreak of 1. o discover troubles and make minor

‘inspection and emergency contractors as its an abaormality repairs
inspection upon subsidiary agencies 2. o clarify the causes completely and
outbreak of an ensure repairs (by the manufacturer)
abnormality or
accident (return to a

| normal state} - . -

Initial To preserve ONEB When instruments: | 1. to test the performance of instrumcents

examination continuity in are purchased (including the check of standard gas
maintenance or data {including meters and equivalent sojuticns)
appraisal and to . remodeling, 2. to test the stability of instruments
prevent troubles (to reptacement, and (including flow changes ZEro .md span
determine the renewal), for one drifts)
properties of month : 3. to assess measured duta (Sm.h as matching
instruments) - - i - with old measuring instruments)

Dynamic To determine the ONEB and from time to time 1. to check by using a standard gas

verification substance of a verifying agencies : 2. to prepare analytical lines
precision range
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5.2 Prospect of Long-Term Strategy (objective for 1999)

(1) Achievement of Environmental Standard
According to our estimation, atmospheric NO, concentration will e_xcccd_the environmental
standards of Thailand at many points in 1999. To solve this problem, it is necessary to set the NO,
emission control corresponding to the 1978 comrolled car in Japan. For this purpose, rcvision of
the concerned laws as meationed fater will be rt,qunc,d As a method 1o achicve the cnvironmental
standard, the introduction of NO, controlied car is a direct method. The methods mentioned be-
low, however, nced to be considered as administrative measures in fut.ure.
(1) Construction of raifroad and subway '
(2) Traffic control of individual owned cars depending on use purposc
(3 Traffic control of one-person riding car
(@) Smo:oth_ing of trattic flow by applying two-level crossings, widening road width and atrang-
ing roads.

®) A;rangcment of bypdss system

&) Preventing emission gas from hcmg worse by approprlate car duwng - preventing an
overload ' -

(#) Smoothing of traffic flow by improving and reviewing traffic control system (improvement

" and review of signal distance and signal control system)

(8 Smoothing of traffic {low by sctting 'one-Way traffic area

(2) Necessity for revision of the Thai environmental stan_dards

Our study reached to the conclusion that the atmospheric SO, and NO, concentration in the
Samut Prakarn industrial district meet the Thai environmental stnadards at the present time' (1988) :
It is ev1dcnt however, that the Thai environmental standards are lenient in comparlson with those
of other nations explained in section 1.2.5 of Part 1il; for exampie current dtmosphenc 802 con-
centration excceded J apan-and the United States’ environmental standards, and the NO; concen--
tration exceeded Japan’s standards. Since environmental standards. are an administrative goal to
preserve human health and natural environment, we consider Thai gover‘nnient‘_hz‘ls to make an
effort to carry forward the revision work on its environmental standard lcvél, :taking account of
social and economic development. .

To carry forward revision of the Thai énvironmental standards, the é:t'lhospheric concénfyation
throughout Thailand must be monitored continuously and an adverse influlence on human body, '
animals and plants, and property must be studied by using methods of toxicology, epidemiology,
clinical study and other scientific means as well as administrative and economical fcasibility is
cxamined. | o | : .

As per thc abovc revision work for envnonmental standards requires vml efforts and time.
We expect, however, Thai government will commence the revision work in near future on the basis:
of the said aim since the National Policies and Measures on Environmental Development proposed

by NEB in 1981 has already stated that the standing laws related to the environmental quality
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preservation must be reviewed with social and economic development.

(3) Execution of SO, Emission-Control for Factories

Although the environmental standard will probably be maintainable in the Samut Prakarn dis-
trict in future {by 1999) , there is a fear that the environment may be affected badly by air pollutant,
with the progress of economic and social developments after the 6th economic and social develop-
ment project. Currently in Thatland, no SO, emission control is executed for factories and, if no
countermeasure is taken, a problem will occur in fairness due to unbalanced charges of expenses
for installing pollution 'prevénting gquipment among factories related to SO, emission. For the
reason, it will be nccéssafy to restrict SO, emission for factories in future. As a concrete restriction
method is described in Chapter 4 of PART VI, “Remedical Efforts against Emission Source [m-
provements and their Effects”, the K-value regulation executed in Japan is estimated to be
appropriate and, as a concretc K-vatue, the value of 13 is considered to be optimum from the
viewpoint of feasibility. In a.cc'mciusion, 49 stacks have to be improved when the K-value (=13)
regulation is applied. ' '

Because the K-value regulation method is to restrict the concentration on the ground, and to
satisfy a specified K-value, cither making stack higher or reducing $O, emission volume can be
sclected, we proposed the way of making stack higher for the Samut Prakarn district this time,
considering economic efficiency and feasibility. What must be noted here is that although heighten-
ing of stacks scems to' widen pollution area, if emission gas volume is the same, the ground concen-
tration of pollutant exhausted from a high stack is always lower than that of pollutant exhausted
from a low stack under the samc diffusion condition and the pollution distance under the lee is the
same. Because the reduction of absolute SO, emission volume has been internationally demanded
from the viewpoint of eliminating environmental pollutions in global points such as acid rain pro-
'vi'di_ng damage across countries, however, administrative measures for reducing SO, emission
volume will bé required, in future.

The concrete methods for reducing SO, emission volume are heavy oil desulfurization, conver-
sion ‘of fuel to natural gas, flue-gas desulfurization and energy saving. The costs for taking coun-
termcasures against emission sources including making stack higher are estimated as foliows: 115
million bahts for making stack higher (for 49 stacks), 880 miilion bahts for heavy oit desuifurization
(3,500-barrel pr’oéessin’gamOunt per day used for 49 stacks), 83 million bahts for conversion of fuel
(for 49 stacks), 540 million bahts for fluc-gas desulfurization (for 49 stacks) and 160 million bahts
for encrgy saving (for 49 stacks). Although these investments arc not inexpensive, the influence on
Thailand’s GDP is small. Therefore, it is necessary to execute countermeasures against cmission

sources from the long-term prospect.

(4) Intensification and Expansion of L’egal and Administrative Framework Related to Environment
In Thailand the basic policy of the environmental preservation is determined by NEB (National

Environment Boad) based on ICNEQA (Improvement and Conservation of National Environment
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Quality Act) and implemented by ONEB (Office of the National 'Envim_nme_nt Boad). In this

respect, the unification of the environmental administration has been established and the imple-

mentation of the consistent policy has been possible, like that in other countries. In the stage of the

exccuting air pollution control, however, the main administrative organ related to the control for

stat:on‘uy sources is the Mmlstry of Industry which makes FAC (Factory Act):the basic law while

the Department of Land Transport and the Department.of Police arc. responsible for the motor

vehicle exhaust gas control. In addition, FAC itsclf is not the law aiming at the prevention of

industrial pollution but is the control law related to establishment of a factory.

From the obscrvation of the present state of the legal system and the admlmstmtlve 01g'11117'1-

tion in the measures for air pollution in Thailand, the following constraints can be pointed out:

1)

2)

The acts to enforce the air pollution control or the existent codes have not been adjusted.
ICNEQA prescribes the establishment of NEB, policy planning by NEB, cstablishment of
the environmental standards by the Prime Minister, recominendation of the establishment
of the emission standards to the government agencies concerned, prior examination of de-
velopment projects by ONEB, etc. so .that ONEB. can determine and implement the
framework of the environment preservation administration. It, however, does not have the .
provisidns as to enforcement ‘of control: (1) how, (2) by whom, and (3) hased on which
standards an industrial emission source should be controlled. _

In FAC it is prescribed that the examination of the application for approval of establishment

~and the operation of a factory should be made based on the smoke blackness degree and

ONEB environmental standards (guideline) as one factor of the examination condition, but
its cffectiveness seems slight because the air pollution control is not the main part of this
Act. '

- The Land Transport Act has the constraint that thc rcguldtion on car exhaust gas restriction

is not specifiecd in the relation with ICNEQA.

Because the execution acts for the air pollution control have not been adjusted, the follow-

ing: points are not clear:

(i) Control objective substances as the scope of controf _ _
The following are shown _in the environmental standards as a guideline according to
ONEB notification but this does not have the Jegal ground:

CO, NO,, SO, TSP, Photochemlcal oxidant, Pb

(2 Emission fd(:li:tles as the scopc of control, _ _ _

To make the objccts of the administrative conttol clear, it is necessary to defme cimis-
. sion facilities based on the kind, emission volume and concentration.

(® Control objective persons——control objective emission sources
The emission sources which emit the substances of 1) from their famhtles in 2) are not
defined. Consequently, the persons to be controlied became many and unspecific, and

the data collection on emission sources has not been achieved, thus the effective admin-
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3)

4)

istration has not been implemented. Tt is necessary to make clear the scope of the
contro! objective persons also in the meaning to cxpect the cmission sources to take an
autonomous attitude toward the environmental quality preservatio'n. '
(@) Control measures |
It is an absolutely necessary condition as mecasures for controlling an industrial emission
source to set up the obligation to the establishment of cmission disposal facilities and
the emission standards (concentration or volume) for every control objective substance
and emission facilities. In addition, it is also necessary to designate a control objective
area if consideration is made from the viewpoint of more effective administration.
() Data collection system for emission sources

For implementing the air environmental control, it is necessary for the administration
side to collect the detailed data of cach emission source. They are, if shown concretely,
as follows:

(1) Name and address of factory _

(2) Kind and structure of emission facility (detaiis of capacity such as burning capacity

and heating area)
(3 Way of use of emission facilities (details of opcrating condition, kind and volume of
fuel used, etc.)
@ Smoke treatment method, etc.
‘These are required to be sufficiently useful for the judgement of the planning and ex-

ccution of policies on the administrative side.

The control of the-environmental quality can be performed in the linkage in which the

administrative purpose (cnvironmental standards as an objective or index) is sét up, in

which measures such as emission control are used to attain the purpose and in which these

control measures are constantiy'checked if they are effectively carried out. In other words,
the permancnt monitoring of the environmental quality enables the mutual check between
the adminiStfative purpose and the administrative measures. However, there are no pre-
seriptions in ICNEQA for the obligation to permanently monitor the environmental quality

on the administrative side.

ICNEQA prescribes that the prime minister has the power to establish the environmental
quality standards and the measuring methods in Section 17 and says in Section 25 that
“whoever violates it shall be liable to imprisonment for a term of not exceeding one month
or to a fine 6f not more than 1,000 baht o_r' both™. In other words, the environmental quality
standards in this provision are judged not to be the co'n'ce'pt'of the objective or index for
carrying' out the admiﬁistrative measures but to be the concept of the control standards. It is
considered that dppllCﬂthIl of a pemlty is prdCEICE\lly difficult because it is usually difficult
to specify the wo!dtor for the environmental standards and that Section 17 (2} lacks appro-

- priateness from the viewpoint of a legal theory becausc the setting up of the control stand-
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ards are prescribed in Section 5 (6). Basically, itis a problem that the prescription of the
environmental quality standards which arc to be the core of the environmental quality con-

trol has not hecn adjusted.

5) As discussed in the Part VI, the contribution rate of motor vehicle exhaust gas reached 80%
to 90% of NO, concentration at the point where the environmental standard of NO, is
exceeded in Samut Prakarn industrial district. Thus, to reduce the concentration of NO,,
the restriction of motor vehicle exhaust gas is 'impm'tant, however, the current motor vehi-
cle cxhaust gas restriction in Thailand has the following constraint to be improved:

(1) The substances objective for restriction are only black smoke and CO, but NQ, is not
regarded as the objective.
@ The vehicle types under the control by Land Transport Department are limited to buses

and trucks, but the ordinary passenger vehicles are excluded.

6) The repletion of the staff on the administrative side to implémem the environmental controt
is not epough. ONEDB is a system with a sufficient organization and staff to perform the
promotion of the environmental administration in Thailand. Moreover, in the DIW (De-
partment of Industrial Work) of the Ministry of Industry, the Industrial Environmental
Division and the Air Pollution Control Section are also established.

However, it cannot be expected for these staff of the central government agencics o ex-
ccute the environmental control administration including the collection of the emission
source data and the smooth promotion of the control measures covering 72 Changwats in
the whole country of Thailand. Further, even in .Samut Prakarn Province which is the
greatest industrial province in Thailand, since there is no specialized environment division
or department although the Provinciai Industrial Office exists, it is impossible to execute
the environmental administration in close contact with a region. In addition, the techaical

staff carrying out the permanent monitoring of the environmental quality is very deficient.

It is necessary to improve some points in order: to carry out the environmental quality control
cfficiently and smoothly in Thailand. These points have already been pointed out in the National
Policies and Measures on Environmental Development proposed by the NEB in 1981. The Nation-.
al Policies and Measures on Environmental Development stated the following in the “Guidelines
for Legal Procedures™: | _

{1} The standirtg laws related to the environmental quality :preservétion mﬁst.bé reviewed with

the social and economic development. _ :

(@ The range of responsibility of the concerned minisiries must be adjusted to carry out

smooth administration. ,

@ A new law will be enacted to promote the environmental control of air, water, etc., if

necessaty.

Further, the policics stated that the following matters are required to carry out the environmen-



tal air quality control:

@
@
®
@

The standing laws muf;t be 1mptovcd to carry out cfflucnt administration.
The power of the competent authorities must be strengthened.
The environmental standards and emission standards must be established.

An effective pollution control system for the emission source must be suggested.

Based on those points indicated we suggest some desirable improvements and expansion of the

laws and administrative organization to promote the air pollution control plan effectively in Samut
. I _ P LIvely

Prakan Province. Its basic concepts arc as foliows;

®

@

The laws must be improved and expanded so that the ONEB can carry out policies related
to the environmental air quality control planned and determined by the NEB and ONEB
smoothly as a core of environment administration in Thailand.

The administrative suchct must be clarified in each stage of contml and administration in

the legal bystem, and the administration organization system must be improved and ex-

- panded based on the stipulation of the laws in order to realize the environmental air quality

1:)

control administration effectively, and the responsibility of entrepreneurs must be stipulated
s0 that the regulators and the regulated can participate in environmental control systemati-
cally. '

In the knowledge that the v1tal point of the environmental aiy quallty control administration
is to set an admmlstrativ_e goal and to carry out mutual check of the validity of the goal and
administrative measures and the progress, the establishment of the “mutual check” system
must be stipulated in the legal system and the implementation system must be improved and
expanded. '

The concrete suggestions based on the above-mentioned three pomts are as follows

Revision of ICNEQA

The foillowing revisions must be made to strengthen the power of the ONEB’s cnvironmen-

tal air quality control administration.

® Concen‘ling' the establishment of the emission standards stipulated in the Provision 5 (6),
the existing “su\ggéstions to the government agencies having the legal force” must be

*

changed to “the ONEB makes a determination based on the NEB' decision,” and it
- must be stipulated that the.emission standards can be established only {rom the view-
Ipomt of environmental administration.

@ The Provisions 17 (2) and 25 must be revised so that the environmerital standards as the
target reference value to carry out the environmental air quality control administration
can be established and the establishment of the enwronmental standards can be the key
to various environmentat control plans.

Since the emission standards based on Provision 5 (6) are positioned as a means of
regulation, the stipulation of the environmental standards must come before the emis-
sion standards as far a.'s'the order of the provisions is concerned. As described later, it is
considered that the emission standards must be stipulated in the air pollution control
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law if it will be enacted.

(3 The Provision 5 (1)-(4) and the Provision 12 must be lcvtscd and completed so that the
ONEB can make ‘and carry out the environmental guality control plcm ‘That is, the
cuvironmental quality (,ontrol ptan must be made finally by 1lght of ONEB if an approv-

al is obtained from the Nb

@) The responsibility (power and duty) of the environmental administration in the local

government (provincial or municipal) must be clarified, and the obligations of the local
government must be newly provided as a legal support, which are a prior notification
system of smoke and soot cmitting faciliéies, a plan modification order and improve-
ment order on structure of such facilitics. _ B

® 'To promote smooth and efficient environmental administration implemented by the
national and locai gofcrnments_, the law must be amended to clarify the entrepreneur’s
duty and responsibility as a poltutor; (i) to cooperate with the gove_r'm'nent’s activities,
(if) to make cfforts for poliution prevention, and (jii} to share the expenses of pollution

prevention work. -

Preparation and improvement of the air pollution regulation law
Adverse impact on the environmental quality is the same with air pollution, water poliu-
tion, noise pollu'tion, ete. as with the destruction of nature caused By the construction of a .
dam, but the form of occurrence of these pollutions has its own characteristics and differs.
Therefore, it is difficult to make a law for different types of pollution _iﬁdiséﬁﬁt‘inaleiy SO
that each law for air pollution, water pollution, etc. is nccessary. If the ICNEQA is posi-
tioned as a basic law providing the general framework of environmental aAdministration in
Thailand, it is necessary to enact a law to regulate air pollution, or the existing laws must be
improved including a drastic revision of the FAC, cetc. to promote the air poltution control
plan in the Samut Prakan industrial area. Since it is unreasonable to incorporate the provi-
sions related to the enforcement of the air pollution regulations into FAC in view of the
legal purpose of FAC, it is desirable that an air pollution control law should be enacted.
Whether it is an air pollution control faw or the improvement of the existing law, it is
necessatry to improve the following items legally'in order to prev:en't the air'pbilution effec-
tively.
i) The following matters must be stipulated to clarify the scope of ‘the substances and
facilities to be regulated. _
Q) Substances to be regulated:; Definition of dust, coarse pal}ticﬁlatés; autoindbi!é and
ferryboat exhaust gas (mobile emission source of service along.the Chiao Phraya)
@ Facilities to be regulated: Scope of facilitics to be 1'€:gu'la'ted based on cmission
volumne, type of pollutant and concentration, and scope of moblle emission sources,
To put'it'in the concrete: ‘
(i) For stationary cmission ‘sources-—Conbusion f'lcﬂlt:es exceeding 10 £/h of fuel

consumption in heavy oil conversion, 160 Nin®/h of emission gas volume and 0.1
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~ Nm?/h of SO, emission volume.
(ii) For mobile emission sources—Motor vehicles including tricycle cars but exchud-

ing two-whecled vehicles.

ii) Clarify the regulation methods.

(1) Setting the emission standards: Scparate the emission standards of a stationary emis-
sion source from those of a mobile emission source and establish them by substance
to be regutated. |
Adoption of a prior notification system of the facilities to bc regulated
Assignment of a duty to install smoke and soot removal facilities, etc. on the emis-
sion source

OI(ICI to lmprovc smoke and soot removal facilities, etc.

'@@ @ ®

Expansion of cxdmmatlon on the emission standards in term of motor vehicle type

approval and motor vehicle mspectlon

We suggest that K vatue control must be adopted to reduce SO, ambient concentration as
stationary emission control, and that reasonable K value to be applied is K=13. As for
motor vehicle, we also suggest that nitrogen oxides and hydrocarbon must be added to the
fist of the regulated subsi'mces and consider that appropriate regulated-value of those are
the 1978 value cxplamed in Section 3.8 of Part VIII.
iii) Clarify matters to be carried out by the emission source.
“(» Duty to meaéure_ﬁhe emission volume and concentration and to keep the records
@ Duty to submit data, etc. at the request of the government office
iv} Clarify the matters to be carried out by the government offices
(1) Duty to monitor the air and environmental quality
() Duty to announce to the public the cnvironmental air quality
@ Collect and manage the data of the emission source
| v) Ciaufy the scope of responsibility of the ONEB and other government agencics <1nd the
relationship between them. Also, clarify the scope of responsibility of the central agen-
cies such as the ONEB and the local self-governing bodies and relationship between

them.

Improvement and expansion of the administrative brganiz_zltion

It is expected that the adniinistrdtivc organization to carry out the air and cnvironmental
quality control is improved and cxp'mded of its own accord through the improvement and
exp'ms:on of the ICNEQA and air pollution rcgulatlon taws.. It is necessary lo tram public
servants to be experts in environmental administration and technical staff and increase the
* staff in each stage of the administration to giv'e satisfactory management results. Among
others, it is of ﬁrgent necessity to cstablish environmental departments and sections in the
local self-governing qui'cs. For this reason the training of experts in administration and

technical staff must be conducted urgently. The followings are the plans for improvement of
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the administrative organization and for lrammn&,s of technical stails:
i) Improvement of the administrative organization ONEB has an admlmstmtlvc office and
four (4) divisions which consist of five (5) to scven (7) sections respéctively. The admin-

istrative function of cach division is as follows:

Information and Environmental Quality Promotion Division

(1) Public refations related to the whole ONEB

@ Ilﬂplﬂiﬁéiitﬁti(}ﬁ of education, enlightenment and training on environment

3) Coopemtioﬁ with foreign governments and institutes, and various international
organizations ' l '

Environmental Policy and Planning Division

(¥ Dctermination of long and short term environment improvement plans and deter-
mination of various policy drafts and of their implementatioﬁ methods

@ Surveillance of activities of government agencics, government enterptises and pri-
vate sector, related to environmental quality :

Environmental Impact Evaluation Division

D) Examination and evaluation of Environmental Impact Asscssment (EIA) on de-
velopment projects '

(@ Investigation and study for determining plans for overall envlronmentdl pr CSBI vation
of specially desngnated arcas (Chao Phraya river basin, efc. )

Environmental Quality Standard Division

(1) Monitoring of environmental quality and collection of data

(2 Study of environmental standards and other environmental-quality- related stand-
ards, and representation of opinion on them '

@ Investigation and examination on pollution problems

After improving ICNEQA and estabhshmg Air Pollution Controi Law, we suggesi that
ONEB has to strengthen, expand and re-construct the dw:smns to mdmge air pollution
control in conformity those laws. : .

We consider that Environmental Quality Standard Division has to ha\ﬁe sections relatcd
to air quality control as shown in Fig. 3. We also hope that ONER will try to-transfer its
administrative power.to local-seif governments with advances of improvement of their

environment administrative structures.
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»4[ Air Quality Conservation Section]

Environmenta!_Qualit)’ __I Air Poliution Control Section
Standard Division ' _:

—| Air Quality Observation Scction

—— Automotive Pollution Control Section

Figure 3 The Desirable Structure of Environmental Quality Standavd Division, ONEB
‘The administrative function of each’ section is as follows. The figrues indicated in pa-

rentheses are desirable nuimbers of staffs to be arranged.

Air Quality Conservation: Establishment of conprehensive plans for air pollution con-
Section {20) trol - and- management of relationship with local-seif-

government on air pollution

Air Pollution Control: Drawing up air pollution control plan, examination of docu-

Section (30) ments submitted from factories based on related regulation,

instruction and ordinance against emission sources.

Air Quality Observation: Exccutive of permanent observation on air quality,
Section {30) announcement of air quality to the public, management and

- gollection of data/record related to emission sources.

Automotive Poltution: Drawing up plans for automotive pollution (air and noise)
Control Section (20) and management on co-ordination with related government
' ' agencies.

[mprovemt,nt and Expansmn of the Administrative Organization

A broad scope of knowlcdge as spcmfied below is requ;red to executc administration for

* ambient air poilutlon control. -

® 'I horough knowledge of the prcscnt legal structure and administrative organs related
to the control of air pollution

(@ Present situation of air pollutlon

(3 Generqtmg mechanism of air pollution

&) Adverse effects of air po_!iutlon

® Control of combustion
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(8 Technigues for prevention of air pollution
RO, Dispcm;on of pollutants in the air
(® Techniques for environmental assessment

(8 Measuring techniques of air pollutants {environment and sources)

Although environmental administrative specialists may not have to be knowledgeable
about the details of the above items (5) to (7), they will need to know them in gencral.
For that purpose, first of all, it will bc necessary o prepare a textbook eatitled, for
example, “The Fundamental Knowledge of Environmental Prescrvation Countermeas-
ures,” with which comprehensivé education aﬁd trnini_r_xg for execution of administration
for ambicnt air péiiutimx control will be proﬁided not only to the administrative officials
of central government, but also to those of the bureaus and departments fully in charge
of cnvironmental.administrétion, which may be established on a local government basis
in the future. ' ' ' _

In .addition, while technical staff are required to have high expertise concerning the
above (3) to (3), not all of them need to have the whole knowledge. Namely, it is neces-
sary 1o loster technical staff specializing in the individual items. In Thailand, presently,
courses related to the above (3) to (8) have been started at Chululongkorn University
and various other universities. In order to .increasc the number of technical staff,
however, it will be necessary to begin more courses as well as complete them. Especially
for learning about the techniques for combustion control and prevention of air pollu-
tion, it will be a good idea to invite visiting professors from developed industrial coun-

tries or send students to such countries,

4) Knowledge of Pollution Prevention

The postures taken by enterprises in tackling pollution prevention are greatly forced by
such external impacts as legal restrictions and social responsibility, whereas' the effect of
these impacts is limited. Since the enterprises'are ina positibn' to be able to know best
about the occurrence of industrial pollution, it is essential for them to establish their posi-
tive postures of dealing with the prevention of pollution by their own voluntary will. From
this point of view, in order to make environmental preservation effective, the cnterpriseé
imust become to think of the pollut'ion‘prevention as an essential el'ement‘of corporate
managémcnt in terms of management philosolphy. Furthcrindre, .thé'enter.pﬁ:scsmust im-
prove their constitution so as to be able to work out scientific and rational countermeasures
for pollution prevention and Lompiete the corporate Drgmlzatton s0 as to be able to imple-
ment effectlvely the above countermeasures.

In line with the above described cnterprises’ efforts to prevant pollutlon it is a matter of
course that central and local governments need to educate and sprcad the knowledge of
pollution prevention and take measures (o provide subsidies r.e.q-uired for exccution of pollu-

tion control countermeasures, In order o specifically es_{ablish a setup to educaie and
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spread the knowledge of pollution prevention, it wilt be first necessary that central and local
govermments give seminars on the knowledge of pollution prevention to enterprises’ rc-
sponsible personnel or the like and, morcover, that if employces in charge of pollution
control arc assigned in- the enterprises in the futurc, the said governments should take a
measure to hold technical seminars on more professional pollution prevention for the above
employees. In addition, an environment center has presently been established in Thailand,
and it will be beneficial to train private sector engincers who are in charge of pollution
prevention at this center. For the future, in addition, it is expected that the pollution control
01'galliz£1ti0|1 system in the specified factories will be introduced into Thailand as explained

in the paragraph 2.1.3 of the Part VIIL.

(5) Execution of Countermeasures for Energy Saving

Because energy saving not only saves and makes the effective use of energy but also provides
effects on the environmental aspects (reduction of SO, and NO, emission volume}, it is necessary
to stand on a long-term perspective upon the execution of this countermeasure. The energy saving

plan in a concrete form is shown in Table 6.

31



“riudinda Jagio Jo von
-NpOIUL-MY] pur awdmba
ui sjomuaaoadun 1o

. o1

ey dprudosddn g
IO JO UONT TS

hty!

53107
: D WOJUGD
pands jo upmaatesidun
par SRR JO Bonesone
syrdosddr ~aa) Saruan
WO SIO030W FUIUIADIL]

R

aseyd 22y 0 Slwawdacsdwl
pur unudinhs vonmsges
Jo uonesope spepdosdde
[UR Cspe) o ST oan] s
St prepdoadde s yus
SIDULOE TUIsn spro|
omdoaddir e
Jer uonanndo oy s gons s
'3 sl g1 sudwaAnIdw]

"gaom a0y A0
24N0% puE uojIu st
samand a0) wnags syl
DRGNS0 BONEEN
amssand pduRID|}
WIS L DU AP 05
SOUINY 01 SUODIIPO K

et
HIRINEERITRE
umudimby uens
A3paadna o ko
SSOIARD AIDAORN

[ERT RIS ETRAN
IR R BT IR

LR ITREREEIN B R Sa i |
sy Suap oy
Apsrm o saanadG)

msem o s

P A unuaAn]

ELNIERY

Fudid Jo sonnzgruenr
Syuduiliabas

dKy udo sop santse
Furdaos Jo uonejrisu
sAureado jo oz

o arnpas Saonegns
ul spusuAcIdu

naoad o eaowar pue S

~aIOYE a3 pus swsomad
PAUKUOD PUT SNONLIUOD
10 nananposu Kousaya
wisotg YRy oary ._u_...zs umu
=dinba go sonsanposa ey

g0 s o apdope STunesyg
PR AL SUMUA0IdUL )
Jo unwiselpe *susnned noy

T S1MUDAGSULL SHOTHPLOD

Kpgdns poa suonpuo

adisn Y JO SMIADY

TRERRWwnM

mM o HonRrIsE

UL NDHAS JOUIG0D
UOHSPUIOS Jo st
E

ar siuamnsosdun saru g
oyadordde 1o onsapes
TEPRO] UONSAGIIOD
Jouaunsnipyy

‘unHETRRUOLNT:
Jo) pasapols
wrwsdinbo pure

LRGSR TERT TR TN 14 (6]

s
LOUBURURY]| PUR *SISAH1000
SLIPD[DBOWINGE JAYIO Sy
UMAUSEE DU DIEREIL

DU CSPINY APUY Y

KUY U $YEAT ping jo
UONLAADID TUONIL] S1 gIns
S50] JIMUEYIDW O BORINPIY

EDIIPMY SOUNGLAISIP
somod pur suonmsyns jo
oMk pur ssonuMuImg

saanssaId UM
WRILEILE JDPUT UG
~aado T 1
DUEGANT 10 oIt

PUR IDUBBIRGIC *SIUY

-AN] PUEKIREOY §6 Gen
-aodst ot sauTUMmINY

np "oy -Z.IJ.-

12 undinbas

W) BIPM 2RISR ey

10 Fupyeag 3o wonusansd
Sumudinhin £roa0any
LD DISEs Jo $a0uLINS
AD)SERAY LM
wouy swnd jo pantay

' sdr
wirams Jo C»vmuuaw:_ P

" asul DL P ST
08 TONLIMSYL JO ouey
“DIUNLL PN 20
g i D wioy)
WEJ_?.: JO uaindadLy

S0 TUINOLIPLOD 110 Jo
[T RE R TR IR T YA T TR
PR I3EM D)1 JOF [0R10R
Aijenh mem oaunieioprwd
ANANDOPUOD [N}

W SDREDIZAD JO UOIUDADI

sty
[1]8] ms..__.__cu __3 n_n.._«u...nmr.:_
mu:: =il _:U—:m_mz

RITTIEE L]
per pouunE R
o uonmuonswsdusg

m.cE::Ecn

o ..n:....F...E_ oyl Fmpappu))
TPAKIE SDRTA DT JO§
TSNS Y]

SPIOsar PO o

TAADQE SDNTA DT O]
SPIOIR PR UOITIUAUILSY]

~aanssasd

PRIEIDIOL W :E.P..:::
uonada jof spaoan

DU GONEIUMENLLSI]
“Saulm; pue

SIAHOY U §0 £DE) )
UL DL Jo) Spaodal
PR UoIUBRUNLSU|

DN Msea TN

JOT SPROIDL BALIRY D

JO UONTENSnATH pui
*IEDN] DTS 1O SRS 1))
Supumsaapun o3 payeg
sul

17 50 21D CKPOIM

P gonsxIngsu]

[HEBRAGETITERIGE
Jor vomnuduapdic

Fuaumppuon
ane jo Anpruanyy per s
~eradum ogy sop N spua
300 PUE HGHIRHIDWIRGEUL pe
M SN M) sosnssasd
samuradies :m::.:t HERIH
=DACLE JELLLEDY Y Jo ".«.E__q:_..—z
sapuste e Fuiwendd sop o1
TSRO PU talBTuRUnS s

Liag)

E el
Apkins pan) aop <012 s
SB0 PUR UORTIDMNT e

bl

i Tehid ST §UR BT
Jo uonmuowiniduyg

‘s mudinbn won

-mungle S eay @

suognnddisamod 2L
OTRIRT SI0IMY pURLESD
pust s3I 13mod *SuaiIng
safimipoa 204 SpanpUmg

‘tuswdinbn vosIngsp pu
SUCSIFISNN Jov SI010) PURWRD
T SAGIDN) P TSIoumy
2omodd “SHIDLINA Tenljoa

YL 1) SPITPURS [OUIL0D)

SOUTQINY aunssasd Yo
pue spuyxe w aanssoud
PARIDIO] HNEIELE Si)
IO SPAUpURE Pk saug
-amy putt saaqug adnaw
UDBA LAY SO JO DU
-1snfpe 2yl Jof spanpamg

I MEM O
uomEAIIn pu KIdA00S
2] 0g spapug

UOPDIEEUGS
1L JO] Spapumg

Swuonipuos nu

Jo Apprany pun argelad
WD) AU ) EpITpLES [
ERTR R TR I R R
O[] sormsasd rwarnnaned
LAY IF o) SPARPRIS S50
IO0S ILIE POTRY JO s2s
Saaditd) DU ) SpARpUTS

Y

{

M5 o uomod
03 ANBLIIDES J0 wous
SADALOD O UORZrUoeY (L)

D TOOUN

SIS
yineap Luaunop
10 SEO] JO BONUSADLY (3)

D10 anmod
07 13 JO UOISIDAUOD
JO UOUTATUOTHTY 15

LB MIsum O
A3DAODSY (v)

ikl _ES_,—Q_.__.;_CU

13 :ﬂ::u—: RO

UL P Tugjond

STEnEDG [0 gouRzRIINmT (1)

SO
TIR SO SPIREUMS [0I100,}

10 10 Bolsngted
241 O RONTZIRUEOLIY] (1)

LS
UGN
Joaunaoadus sop
Spavepans

FIER LRI Rt

SALIOIOE] WNM pPaafosu] SIaSeuely Aq pes] BLINNI) uonezeuoney s8es;) A8sauy jo seupng 9 Iqey







Cae e e, o

- -




	Cover
	1. Introduction
	1.1 Objectives of the Survey
	1.2 Outline of the Survey
	1.3 Survey Area
	1.4 General Statement of the Area

	2. Present Status of the Ambient Pollutant Concentrations
	2.1 Contents of the Survey
	2.2 Outline of Survey Results

	3. Countermeasures for Sources, Effects and Influences on Economy
	3.1 Future Atmospheric SO2 and NO2 Concentration when No Source Countermeasure is Conducted
	3.2 Improvement of Emission Sources and Consideration of its Effect
	3.3 Estimate of Cost for the Improvement of Emission Sources
	3.4 Influences of the Countermeasures on the Economy of Thailand

	4. Legal and Administrative Framework for Future Environment Control in Thailand
	5. Prospect of Short- and Long-Term Strategy for Environment Air Quality Management Planning
	5.1 Prospect of Short-Term Strategy (objective for 1992)
	5.2 Prospect of Long-Term Strategy (objective for 1999)

	Cover

