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PREFACE

In response to a request from the Government of the Kingdom of Thailand, the Government
of Japan decided to conduct “the Study on the Acid Deposition Control Strategy in the
kingdom of Thailand” and entrusfed the Study to the Japan Intermational Cooperation

Agency.

JICA selected and dispatched to the Kingdom of Thailand a study team headed by Mr.
Hideshi Kase, Suuri-Keikaku Co., Ltd., and composed of members of Suuri-Keikaku Co., Ltd.
and Pacific Consultants International, five times between January 2002 to February 2003.

The team held discussions with the officials concerned of the Government of the Kingdom
of Thailand and conducted field surveys at the study area. After the team returned to Japan,
the team conducted further studies and prepared this final report.

I hope that this report will contribute to the promotion of the mitigation of acid deposition
in Thailand as well as the countries participating in the Acid Deposition Monitoring Network
in East Asia and to the enhancement of friendly relationship between our two countries.

Finally 1 wish to express my sincere appreciation to the officials concerned of the

Government of the Kingdom of Thailand for their close cooperation extended to the study.

February 2003
W] = %9
IZREAA
Takao Kawakami
President

Japan International Cooperation Agency



February 2003

Mr. Takao Kawakami

President
Japan International Cooperation Agency
Tokyo, Japan

Letter of Transmittal

Dear Sir,

We are pleased to formally submit herewith the final report of “the Study on the Acid
Deposition Control Strategy in the Kingdom of Thailand”.

This report compiles the results of the Study which was undertaken in the Kingdom of
Thailand from January 2002 through February 2003 by the Study Team, organized jointly by
Suuri-Keikaku Co., Ltd. and Pacific Consultants International.

We owed a lot to many people for the accomplishment of the Study. First, we would like
to express our sincere gratitude and appreciation to all those extended their kind assistance
and cooperation to the Study Team, in particular, relevant officials of Pollution Control
Department, the counterpart agency.

We also acknowledge all the officials concerned of your agency, the JICA Advisory
Committee, Ministry of Foreign Affairs, Embassy of Japan, and Ministry of Environment.

We wish the report would be able to contribute to appropriate policies and measures for the
mitigation of the acid deposition in Thailand as well as the countries participating in the Acid
Deposition Monitoring Network in East Asia.

Sincerely Yours,

A
a " 7%
Mr. Hideshi Kase

Team Leader

JICA Study Team
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Description of the Study

1. Outline

Acid deposition is trans-boundary pollution in Fast Asia. Due to long-range transport, it is
necessary to tackle the pollution by respective nation and by whole countries of East Asia. In
addition, it is necessary that mitigation activities should be arranged not on isolated basis but

- on systematic approaéh basis. For this end, the systematic approach for preparation of acid
deposition control strategy was applied to Thailand. The approach can be applied to other
East Asian couniries. In the course of the preparation, necessary technology transfer was
carried out in Thailand. And international seminar was held for the dissemination of the
outcome of the Study.

Emission of sulfur oxides and nitrogen oxides causes acid deposition, and leads to ambient
air pollution. Currently, acid deposition and ambient air pollution are both subjects of public
concern in Thailand. The méjor causing substances of acid deposition and ambient air
pollution are sulfur oxides and nitrogen oxides. The Study investigated into acid deposition
together with ambient air pollution, caused by the same substances.

The collecHon and evaluation of monitoring results was one of starting points. The
preparation of inventories, i.e. the list of discharging amounts and the location of causing
substances, was an indispensable field of the Study. Socio-economic condition was an
important factor of the inventory. Based on monitoring results and the inventory, the
simulation analysis of sulfur deposition of whole Thailand and SO. and NOx concentrations

in the BMR were another point

Of th.e Smdy- ACC Ording to ﬂle e o _" o AR ._-

# Bmission of Causing

evaluation of monitoring and ;
Substances §

simulation results, atmospheric Transportation

Sulfur Oxides {
SO, and NO» concentrations in NitrogenOxides ¢ Reactiont
the BMR were current Stationary SOurces _osebessmmn,,Deposition

problems to tackle. Because  Mobile Sources

the reduction of causing Acid Deposition

substances is a method of Air Pollution
mitigation, countermeasures
for the reduction of sulfur
oxides and nitrogen oxides in

the BMR were investigated. Acid Deposition and Air Pollution
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A draft control strategy, including countermeasures for pollutant reduction and enhancement
of management, was prepared.
Technology transfer, especially for the preparation of inventories, the simulation by

international model and investigation for policy, was implemented in the course of the Study.

2. Objecti ves

In order to prepare the strategy for mitigation of acid deposition including ambient air
pollution, the Study selected the following objectives;

1. to develop/elaborate the emission inventories of substances that cause acid deposition
in the whole country;

2. to apply a long-range transport model, based on the latest emission inventories
developed in 1. above; | |

3. . to review possible technical options to mitigate substances that cause acid deposition,
based on the results of the simulation by the long-range transport model; and _develop
an acid deposition control strategy for consideration by the Royal Thai Government;

4. to train the technical staff of the relevant government agencies / institutions on the
above subjects; and '

5.  to review the monitoring result of acid deposition and ambient air in the country. -

Developing Inventory - § Sacio~economic’
“Stationary Source @g‘ Condition
Mobile Saurce”

§ Review of Monitoring
! Result “Acid Deposition
| & Ambient Air

T e

Lraza

Simulation Analysis

;. "Acid deposition

%, é (Long-range Model)
: i

& Ambient Air
(Airviro)”

Review Technical Options for
Mitigation of Causing Substances
& Developing Draft Acid
Deposition Control Strategy

S AT

Technology Transfer

Objectives of the Study

i
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3. Methodology

3.1

Components and Method

Components and methods of the Study are;

1.

Investigation of current acid deposition and ambient air concentration of 5O, and NO;
- Collection of existing materials

- Evaluation of collected data

Sfudy for socio-economic conditions

- Investigation into national and provincial conditions, collection and evalnation of
future conditions

- Analysis of energy growth elasticity to economic growth

Preparation of an emission inventory worthy of analysis of the current situation and
projection for the future

- Preparing an inventory of stationary and mobile sources for causing substances, i.e.
sulfur oxides for the country, moreover nitrogen oxides for the BMR

- Revision of the mobile source emission equation of nitrogen oxides

Simulation analysis of current and future status, based on current concentration and
the prepared inventory

- Validity check by monitoring results

- Sulfur simulations for the country

- Sulfur dioxide and nitrogen oxides simulation for the BMR

Evaluation of conditions and prioritization of the problems to be tackled

Preparation of countermeasures and a management strategy

- Technical, political, social and financial feasibility study and preparation of
countermeasures

- consideration for the enhancement of management

Technology transfer for the counterparts

3.2 Background

The Study investigates and collects scientific, social, and economic materials. If there is a

lack of domestic materials, international data are collected and they support the investigation.

For the Study, research of environmental issues is out of scope.

One of important approaches for this field depends on the critical load. The approach has

shown successful results in Europe. However, on consideration of the argument over the

critical load value and its adequacy in East Asia, the Study regards the critical load approach

as reference.

Hi
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4. Outputs

The systematic approach for preparation of acid deposition control strategy was applied to
Thailand. The approach can be applied to other Fast Asian countries. After evaluation of
the condition, the Study revealed that the current issues for mitigation was atmospheric |

pollution in the BMR.  The outputs of the Study were as follows.
" For draft acid deposition control strategy;

- Countermeasure for SO; is concentrated to the shift from high sulfur fuel to natural gas in the
industrial sector in the BMR.

- Countermeasures for NOz are the introduction of substantial compliance with the emission
standard, low emission vehicle promotion, and over age vehicle retirement in the BMR.

- Erihancement of environimental manageméﬁt for acid deposition and atmospheric pollution.

Moreover, one of important factors of the Study was technology transfer.

- Technology transfer activities for inventory, simulation and policy setting were built in to the
Study. And it was undertaken on various parts of the Study. _

- Through the activity of transfer, series of technology, ie. from monitoring to simulation and
preparation of countermeasures were transferred.

- The technology transfer to East Asian countries was carried out by the international seminar.

During the Study, the inventory for stationary and mobile sources was prepared. And
based on the inventory, the simulation analysis was implemented. The inventory and the
outcome of the simulation were utilized for the preparation of strategy, and they were
regarded as the quantitative basis for countermeasures against acid deposition and air
pollution in Thailand.

Praparation of Inventory -

Prioritization
Countermeasures

Mobile: Real. EURO,
Overage Bus Retirement,
NG Bus Promotion)

Capacity Building for
Acid Depaosition Simulation

‘ Enhancement of Capacity
; for Policy and Strategy Setting

Enhancement of Environmental
Management

Simulation Resuit
{ATMOS 2, AIRVIRO)

Stationary & Mobile Source
Inventory

:
i
H
i

[ Concept of Outputs ]
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1. Acid Deposition and Air Quality Data Analysis

1.1.  Result of Wet Deposition Monitoring

Concerning acid deposition monitoring, following activities are being carried out now in
Thailand:

- EANET ﬁlorﬂtoring program;

- Ioinf Monitoring Program between PCD and Universities, and

- Joint Examination between ERTC and SERI.

Details of monitoring activities are described in Supporting Report, Chapter 1. ‘

PCD carries out data validation following the EANET manual (Supporting Report, Chapter
1). As the data validation doesn’t focus on data screening but just indicator for recheck, PCD
does not reject monitoring data exceeding allowable range for preparing reports. The Study
Team: utilizes all data for model simulation, however analysis of acid deposition in this
chapter is carried out tentatively by data within allowable range of R1 and R2 validation.

Data calculation was carried out considering the following factors;

- Rainy Season: May to October,

- Dry Season: November to April, and

- Deposition amount of each parameter was calculated by the following equation.

R
EP=MPx—
AR

EP: Estimated value of respective measuring parameter

MP: Total deposited amount of respective measuring parameter
TR: Measured total rain amount

AR: Total rain amount of accepted sampling period

For the evaluation of wet deposition amount in this chapter, the Study Team used this
estirmnated value.

1.1 Brief Description of Wet deposition

The monthly and yearly averages of analyzed concentration of acid deposition parameters
in the year 2000 are shown in Table 1.1.1.1, the monthly and yearly deposition amount of each
parameters in the year 2000 are shown in Table 1.1.1.2.
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Table 1.1.1.1 Brief Description of Conceniration of Acid Deposition

807 nss-S07 NOs or. NH," Na® K Ca,’ nss-Ca,’ Mg," M pH EC
umolil) {umolL) {umolL) . {umolil)  (umoliL} {umelt)  {umolL) ~ (umoliL} {urmol/L) {mobLy  {umoali.) {mS/m)
Bangkok (OEPP-Urban Site) :
Yaarly Base
Min 49 44 04 41 21 1.7 <f <03 «0,3 <0.2 0.1 3.91 0.430
Max 96.0 95.1 2128 256 191.5 24.4 14.2 65.0 646 8.2 123.0 899 6.83
Average 33.8 33.1 37.7 12.2 52.2 9.0 4.1 15.2 15.0 27 23.0 5.08 2.37.
Monthiy Base Average’ : .
Feb :
Mar 383 37.9 406 18.4 52.6 6.5 <1 12.5 12.4 25 372 4.43 3.23
Apr 79.6 78.6 143.3 18.1 168.3 17.6 8.2 - 370 36.6 6.9 325 451 496
May LI 57.2 482 125 104.4 7.1 1.1 19.3 14.1 34 32.1 4.57 3.39
Jun 14.0 13.3 201 130 324 115 3.5 107 105 26 29 599 124
Jul 212 20.8 17.0 10.5 433 a4 3.8 9.3 9.0 .20 23 572 127
Aug 107 104 17 7.2 171 5.0 <t 27 27 0.0 57 5.62 6.760
Sep 48.4 47.8 51:6 14.7 30.5 a.3 83 247 24.8 36 48.0 4.40 3.66
Oct 27.7 274 26.7 8.5 31.9 5.1 4.2 102 - 1001 18 32.3 4,59 2.16
Samutprkan (TMD-Urban Site) - ) :
Yearly Base :
rMin 97 9.1 <03 - 2.0 57 1.1 <1 <t <0.3 <0.2 0.4 4.18 0.630
Max 1579 155.9 1036 475 98 465 208 245 35 i4.2 861 542 = 583
Average _36.0 35.2 17.0 15.5 429 13.4 4.4 14.5 14.3 33 14.5 519 1.86
Monthly Base Average -
Feb - :
Mar .
Apr 29.3 284 . 192 18.2 307 18.5 5.1 6.1 57 15 205 - 479 1.94
May 459 44.7 389 188 450 19.0 7.7 285 29.1 4.8 17.7 484 2.50
Jun 25.5 286 - 149 14.4 38.9 13.4 3.0 8.2 19 27 a8 . 507 4T
ul 487 47.5 14.3 208 62.1 19.8 34 20.1 19.7 4.5 8.0 556 212
Aug 377 37z 53 128 48.1 a0 - 4.9 g1 7.9 27 127 533 1.65
Sep 29.4 287 125 16.4 35.8 12.3 44 14.9 14.6 3.2 8.3 540 147
Oct 25.9 255 26.2 7.8 26.2 5.6 36 11.4 11.2 25 33.4 469 1.83
Paturnuthani (ERTC-Rural Site) . )
Yearly Base
Min B4 2.0 57 2.0 161 17 [ 2.0 20 <0.2 0.1 443 0.620
Max 707 69.8 77.3 357 1014 82.8 11.4 58.8 58.3 8.2 372 895 4.14
|Average 23.4 22.3 204 14.7 41.3 18.0 2.5 .16.2 15.8 25 45 503 1.53
Monthly Base Average
Feb _
niar 70.7 59.8 77.3 234 101.4 15.2 10.0 58.5 58.3 32 7.2 8,14 4.14
Apr 20 8.8 11.9 20 182 1.7 a5 20 20 p.o ar 5.06 0.850.
May 20.1 19.2 17.7 18,1 478 15.0 37 12.2 11.9 2.4 0.5 5.41 137
Jun 248 . 228 20.0 16.9 34.6 322 1.7 11.8 10.9 28 1.4 598 1.42
dut 185 173 11.2 172 - 344 194 19 224 220 30 0.2 872 1.18
Aug 281 27.8 3.8 9.2 57.8 5.2 22 18.6 18.5 25 1.4 5.85 1.95
Sep 26.4 25.4 327 12.8 410 16.9 1.4 177 17.3 28 120 4.82 1.83 -
Oet 24.0 23.8 21.1 3.8 338 3.2 0.8 4.6 4.5 2.5 31.7 4.51 2.02
IKantchanaburi (Khao Lasm-Remaote Site} : '
Yearly Base . :
Min <02 0.2 <03 22 <5 13 <l- <03 <0.3 <0.2 06 310 0.22
Max 3.5 83 156 260 127 7 157 8.7 3.5 29 7.9 619 0.74
Average 2.7 23 5.5 10.8 5.0 8,0 3.7 3.3 3.1 1.0 2.7 5.70 0.44
Monthiy Base Average i :
Feb
Mar
Apr
May 3.3 28 11.8 118 6.8 8.6 23 . 38 38 18 3.2 5.59 0.58
Jun 2.2 14 10.4 1.9 47 121 29 38 33 16 23 570 0.51
Jul 36 3.0 3.8 124 4.2 10.7 <1 42 40 08 18 5.85 0.44
Aug 0.8 06 26 11.8 37 5.9 9.2 16 1.5 0.5 14 598 '0.29
Sep 8.5 33 8.9 8.5 12.7 27 48 3.2 3.1 07 7.8 5.1t 0.67
Oct 2.4 23 55 4.0 43 1.8 3.4 3.0 3.0 0.4- 5.9 524 037
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Table 1.1.1.2(1) Brief Description of Deposition Amount

304 mssS0S  NOs or MH," Na" K Cag" nss-Cag® Mg H*
fumolm?)_ {umeolim®) _ fumobim®)  (umabim®  {umolim®) _(umolm®_ {umolm®  {umoi/m®)  (umolm?  (umolim?  (umalim?}

Bangkok (OEPP-Urban Site)

Yearly Base
13638 13455 11092 4319 21768 2998 1111 4808 4638 855 9124
(38802) {393580) (31874} ($1195) (61488) (7497) {2805) {13113) (12967) _ {2296) {24905)
Monthly Base -

{Feb - - - - - - - - - - -
Mar | 83 151 182 74 T30 LT 50 "s0 TR 149
_____________ Qes) ey a4 09 ____ @y GO B8 53 ____ (19 ____[160)
Apr 834 927 896 191 1624 126 7 366 364 63 269
........... grag) __Er8) _ (s42e) (1789)  (1sAea)  (1189) ____GO) @40 _(342n) ___ (890) __ (2529)
May 5091 5052 3970 1068 g206 651 34 1647 1633 302 2511
__________ Qazzy __(11184)  (8789) __ (2364) {20382y . (1443) (186} __(3648)  _(3815)  __(668) . __ (5560}
Jun 1437 1373 1735 1067 3240 1059 182 939 978 247 123
____________ (2388) ___ _(2263) __ {2860) ____{1759) ___(6339) ___(W45)__ _ (301)_ _ (1648} ___{1608) _  _ {407)_ ___ (202}
Jul 681 665 624 284 1507 2M 100 314 308 73 58
___________ (1g3e) __(1892) __ (1776) ____(B08) . {4289) ___ (771)____ (‘4 (8% (877) __ {209 ____ (169
Aug 1153 1135 42 464 1180 257 - 24 24 - 768
___________ @130 8Osy Q1) (1289) | (208)  _807) ..o 88 ____ (&4 ____________ (2085
Sep 2187 2171 1842 588 2531 280 377 908 900 124 1963
___________ (p402) __(5380) ___(4799) __ (4eY)___(6249) _ _(8®N) __ (937)  _(273®) _(2223) __(306) ___ (4699)
Cot 2000 1982 1722 584 2211 287 3580 3 2/ 37 23432

(5738) (5885} {4941) {1675) (6517) {823) {1033) (1122) {1104) {108) {9594}
Samutprkan (TMD-Urban Site)
Yearly Base
17848 17426 9550 7369 20944 7006 2208 7588 7437 1767 8147
(24293)  {23745) (14085) {10375) (28373} {9094) {3086} (t0394) (10198) (2405) {12538
Monthly Base
Feb - - - - - - - - - - -
Mar - - - - - - - - - - -
Froa 79 b7 B sz a7 a0 42”7 8 T I R S ¢
______________ @9.,.....un_____ 62 . __ 61 ____@n_ ____ @ @ (8 ___ 0 B T
May 2420 2381 2205 1036 2838 985 340 1265 1244 271 898
........... (goan) __ (B893) (3636} ___(1708) __ (46BO) __(1628) _ __{561) __ _(2087) _ _(2082) __ (447) ___ {1481)
Jun 2785 2708 1489 1342 3806 1281 312 8086 778 242 973
___________ (2785) (=708 _(1#88)  _(1349) __ (380B) ___(128%) __ (312) ___(B0S) ___ (778} ____{242)_____{973)
Jul 3652 3555 12680 1643 4261 1616 278 1844 1810 347 679
____________ (3689) __ @891 ___(1273) ___(1659) __ _(4304) ___(1632)  _ (@81)_ __. (1863) ___(1828) ____(381_____ (865
Aug 1879 1840 288 869 2668 643 203 454 440 143 529
............ 186 _G130) e (d4re) | (ahany | _(1094) (345} {773 (74|) {243 (900)
Sep 4950 4832 2233 2316 5106 1957 770 2208 2167 558 2578
............ (ooes) ___(6828) __ (2693) __ @2793) ___(enST) . (2380) ____(929) {2684} (2813) ____(672) A _ {3108)
Oct 2083 2054 2023 609 2185 481 204 593 483 203 2414
(4584) {4520) (4452} (1341) (4808) (1060} (648) (2186) (2163) (447) (5313)
Patumuthani (ERTC-Rural Site)
Yearly Base
7741 7414 6600 4711 15929 5428 735 4519 4402 762 1868
{20698) (12973) {20340) {10328) (38594) (12028) {1613) (12128) (11868) (1838) (6802)
Monthiy Base - -
Feb - - - - - - - - - - -
Mar |G e 38 Tai” 3o 5 g 8T 32 TTE s T
_____________ (23, ___ G ___.(B80) ___@06) ___ (8w ___(034) @8, ____ @18 1y _____ G _____64
Apr 123 121 163 27 253 24 7 27 27 - 119
............. a2) Q33 @88 (183 (1562) (44 @3 _(168) (8 _________._..{12)
May 2351 2306 1800 1838 6623 1422 378 1238 1207 219 86
........... (2994 ___(2887) _ (254) _ {2302) _ (8297) _ (U781)_ ___ (74 _(188L)  _(8B1%) | (27B) . __(83)
Jun 2275 212% 2168 1449 3708 2568 148 1133 1077 264 149
___________ (3348) \338%) ___@eB3) @449y 8268y _(3aly | (280 (\915) | _q1e2)y 4Ty _{2%3)
Jul 1073 1014 688 921 2347 973 112 1377 1356 176 15
___________ Qaemy (1221 (828 (109} (2826) (U7 _(135) ___(1858) (183 ____ (213 ____{13)
Aug 402 297 454 13 828 74 31 286 264 35 20
____________ G227y ___(8188) (@645 _(1053) ___(sed4) | (6583) ____(@S0) ___(13y) __(2f20p __(282)  _(162)
Sep 380 365 471 184 590 244 20 254 249 41 173
............ (6625, (5407) _ 8aymy ___(2718) __(8728) _ (3/1N) _ _ (303) ___(37B4) __(sesep ___(601) ___ (2563)
Cct 1052 1052 814 148 1519 114 32 192 i8g 22 1320
{2356} (2341) (18117} 230 {3381) {253) {72) 1427 {423y {48) {2929y

Upper column atates measured value-
Lower column (within { }) shows estimated vaiue




JICA : Acid Deposition Control Strategy in Thailand -

Table 1.1.1.2(2) Brief Description of Deposition Amount

80,5 nseSQF  NOY or NH," Na* K Cas' nss-Cap” Ma," H
fumolim®  (umolim?®)  (umolim®) - {umoiim®  {umo¥m®  {umolim®)  {umelm®)  {umo¥m®  {umolm?)  {umolim®)  {umobm®)
Kantchanaburi (Khao Laem-Remote Site) ’ )
Yearly Base
889 756 1677 2969 1558 2312 958 Q02 1 960 221 905
(2761} {2486} (4481) (6814) (4704) (4838) (3058) {2531 (2443) (529) (3202)f -

Monthiy Base . : :
Feb - - - - - - - - - - -
Mar L TrTEmmsRTTERTeTT oo oo ITTTnTEmRT LTt STt TTTmTeTE L, T
j,;,""""":"""“'_ """"" P JonmmmmnnITITEmmER R, oTmmm STTTTTrERITERRSnTe IR T
May | Mg T Twoe a9 T 487 221 Tma4 T TTys T e wa 64 s
_____________ (i22) ____(102) ___ (438 (42§ (226  __@31)_ ____ {T9 __ __(180) ___Qrs)______(68) _____(%8)
Jun 83 57 483 420 277 428 100 159 156 52 115
_____________ 097),____(Bey___fusn), | Qoon) 888y (w029 | {287T) ____(E78) ____386)_ ___ (123)_.___ 7%
Jul 410 348 247 1184 507 1028 0 378 360 54 225
_____________ (694) ____(§89 ___ {419 _ (2023 (88O} (i7AR) O ____(G4m ____@B10) (92 ___ 38y
Aug 59 a1 144 835 227 402 540 76 2 15 81
_____________ (45)_ ... 002 ___ (855 . . (15ev) ____(560) ___ _(993) _ _(1332) ___(187) ___(178)______(87) ____(200)
Sep 115 113 a3 88 172 38 65 43 42 19 106
____________ () ___(14e) (880 ___{898) ___(1757) ____(388) ___ {EG3) _ (440) ___ 432y ____(102}____(1070)
Cct 104 98 280 217 154 22 180 168 166 26- 283

{432) {408} {1188) {904y (6433 {385) 52y (709) {684) {108) o)

Upper column states measured value
Lower column (within ( }) shows estimated value
Source: PCD, modified by the Study Team

The rain amount of each monitoring site is shown in Figure 1.1.1.1.

300 - _ - |MBangkok ESamutprakan M Patumuthani CKhao Laem |

B
a

Rain Amount {mm)
=
<

Feb Mar Apr May Jun Jul Aug Sep Oct

. ‘Source: PCD, maodified by the Study Team

FigUre 1.1.1.1  Rain Amount of Each Monitoring Site

The yearly rain amount of OEPP site (located in Bangkok) was approximately 1100 mm, and
was the highest of all the monitoring sites. Those of the other sites were approxim‘ately 900
mim, therefore there was little difference. The rainy and dry seasons are clearly divided in
Thailand, with the period of May to October being defined as the rainy season. On the other
hand, there was no rain in the month of January and between November to December in 2000.

The rain dose not continue a long time and usually falls intermittently.
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JICA : Acid Deposition Control Strategy in Thailand

Ton contents in rain indicate its source and condition, etc. Ions in rain can be classified into
two types; one is sea salt origin and the other is non- sea salt origin. Generally speaking, Na,
Mg and Cl ions are classified as sea salt origin, on the other hand Ca, NHs, 50, and NOs ions
are classified as non-sea salt origin. Ca will be mainly soil origin, and NHi mainly
agriculture, stockbreeding and also industry. SO. ion may be mainly discharged from
industrial zones, or in some areas by volcanic activity. The case of NO; ion is similar to SO
ion. However emission of NOjs is concentrated in urban zones, and may be discharged from
mobile sources.

The monthly trends of SOs, NHy Cl and Na ions are shown in Figure 1.1.1.2. As
mentioned above the S04 and NHy ions have roots in human activity, and the CL and Na ions

are of sea salt origin.

80 7 m Bangkok 0 Samutprakan m Patumuthani B Khao Lasm | 7 12000
10000
60
— 8000 @@
= (=}
3 =
Ew 6000 5
=3 =
o 3
w 4000 I
20
2000
0 : : 0
Feb Mar Apr May Junt Jul Aug Sep Oct
200 r l!Bangkok 0 Samutprakan m Patumuthani @ Khao Laﬂ‘ 7 20000
150 15000
- z
= z
£ 100 10000 §
[~
3 =
: &
50 5000
o | - - 0
Feb Mar Apr May Jun Jul Aug Sep Oct
Notice:

Line graphs atate conceniration, bar graphs stafe total amount.
Source: PCD, modified by the Study Team

Figure 1.1.1.2(1) Monthiy Trends of SO4 and NH,
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30 ‘!l- Bangkok £ Samutprakan # Patumuthani mKhao Laem | - 3000

2000

o 9]

5 £

5 g

1S E
Q ]

1000 ~

Feb Mar Apr May Jun Jul Aug  Sep Oct

40 4 5000
4000
30
Py =z
g 3000 ®
Q [=
g 2000 3
10
1000
‘ Feb Mar Apr . May Jun Jul - Aug Sep Cct
Notice:

Line graphs mean concentration, bar graphs mean total amount.
Source: PCD, modified by the Study Team

Figure 1.1.1.2{(2) Monthly Trend of Cl and Na

Concerning the concentration for the yearly averages of SOy ion, TMD site (located m an
urban area) showed. the highest value, 36.0 umol/L, next OEPP site (also located in an urban
area) was 33.6 umol/L. On the other hand, Khao Laem site (located in a remote area) was 2.7
umol/L, the value was below 1/10 of the urban area. - NIz ion had the same trend of SOy ion,
that is, concentrations in the urban sites were higher than those in the remote site. In
particular 5Oy ion concentration of OEPP site between March to May were high values which
decreased in June. On the other hand, Cl and Na jon concentrations showed .si__milar trends in
all 4 menitoring sites. ' '.
~ This is the case because human activities do not affect Cl and Na ion concentrations
generally. That said, human activity has influences on increasing the sulfur and nitrogen

concentrations in rain, and as a result it causes acid deposition.
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JICA : Acid Deposition Control Strategy in Thatland

Let us analyze the most important parameter, the pH. Table 1.1.1.3 shows a brief
description of the pH. And Figure 1.1.1.3 shows frequency distribution of pH.

Table 1.1.1.3 Brief Description of pH

Site Name CEPP TMD ERTC Khao Laem For 4 sites
Min 3.91 418 4.43 5.10 3.91
Max 6.99 6.42 6.95 6.19 £.99
Mean ' 5.10 5.19 6.07 5.72 544
Median 4.89 5.15 6.19 5.77 5.38

Source: PCD, modified by the Study Team

pH

Khao Laem

OEPP

Okm 2§0km

Source: PCD, modified by the Study Team

Figure 1.1.1.3 Frequency Distribution of pH

The pH distribution in Thailand in 2000 was 3.91 to 6.99, its median value was 5.38. The
pH in OEPP site (urban site) was lower than the other 3 sites, in particular pH value showed
the lowest value, 391, on 19th September. Similarly TMD site showed a lower value.
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Comparing ERTC site and Khao Laem site, the pH in Khao Laem site was lower than ERTC
site. ' ' _
Frequency distributions could be classified into 3 types. OEPP and TMD sites show
similar frequency distribution. Two peaks, a lower pH and a higher pH are obsel_'v_ed. At
ERTC, the higher pH shows the higher frequency. At Khao Laem, the distribution shape is
like the normal distribution.
These results lead us to following findings:
- 50, ion concentration of urban sites was higher than rural and remote site;
- NH, and NO, ions also showed the same characteristics as SO,;
- ERTC site showed an intermediate position between urban and remote site;
- On the other hand, these concentration in Khao Laem site were not high;
- It may be régarded that the main source of SO, ion in near urban areas is human activity.
And also it causes increased sulfur and nitrogen deposition; '
- Concentrations of Cl ion and cation were almost the same value in all 4 monitoring sites.
' Geﬁerally speaking these ions are not influenced by human activity so much;
- The pH in urban site was lower than in rural and remote sites. '
- The pH in Khao Laem site was lower than ERTC. [tis neceéseu‘y to investigate the reason
for this, and . ' .
- The decrease of pH may be caused by human activities.
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1.1.2 lon Composition

As mentioned before, ion composition shows the rain condition and ion source. Figure

1.1.2.1 shows the anion composition, and Figure 1.1.2.2 shows the cation composition.

OEPP-Annual Average OEPP-Rainy Season QEPP-Dry Season
3%

0% 4% 7% 0%

1%

TMD-Annual Average TMD-Rainy Season TMD-Dry Season

e 1% 4y 1% 19% 0%

6% (58 6%

20% Y e 1%
¥ Bao) T B 659% N

ERTC-Annual Average ERTC-Rainy Season . ERTC-Dry Seascn

15%

17% e 0%

N a7%

16% 33% .

20%

Remarks
Khao Laem-Annual Average {E1S04 BNO2 mCl BHCOS |

45%

Source: PCD, modified by the Study Team

Figure 1.1.2.1 Anion Composition of Each Monitoring Site
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OEPP-Annual Average

19%

3% 7%

OEPP-Rainy Season

20%

CEPP-Dry Season

4%

4%

23%

2% g%

TMD-Annual Average

13%

5% 4

26%

12%

TMD-Rainy Season

13%

4% 12%

TMD-Dry Season

23%

6% 21%

ERTC-Annual Average

5% 4%

31%

2% T gy

ERTC-Rainy Season

.5% 4%

_ 40%
30%(

2%

19%

ERTGC-Dry Season

5% 5%

\ 41%

40%

Khaa Laem-Annual Average

10%

13%

Source: PCD, modified by the Study Team

‘Remarks

EINH4 BNa MK OCa2 BMg2 BH |

Figure 1.1.2.2 Cation Composition of Each Monitoring Site

1.1.2.1 Anion

S0y ion accounted for over 50 % of anion in OEPP and TMD sites located in urban areas.

Next, NOs ion accounted for approximately 20 to 50 %: As mentioned previously, 5Oz and

NOs ions are mainly originated by human activities such as emission gases from mobile and
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industrial sources.

Although ERTC site is located ina rural site, it showed similar trends as urban site, that is to
say, the ratio of SO, ion was higher than any other anion.

On the other hand, the ratio of 50, and NO; ions in Khao Laem site were not so high, Cl ion
accounted for 45 % of anion. Generally speaking, Cl ion does not depend on human activity

and is regarded as being of sea salt origin.

1.1.2.2 Cation

NH, ions ratio showed a similar distribution as with SO, and NO; ions, that is to say, NH,
ion ratio of OEPP, TMD and ERTC sites were about 40 to 50 % of cation. Ca ion occupied the
second highest part of cation apart from with TMD site during the dry season. On the other
hand, Khao Laem site showed different distributions. NH, ratio was not so high, Na and Ca

ion occupied the major parts.

1.1.2.3 Findings

According to the descriptions above, the following findings are derived.

OEPP and TMD sites located in urban areas are influenced by human activity. Such SO,,
NO; and NH, ions as emitted by human activities has serious effects on the acidity of
precipitation. ERTC site, however which is located in rural area, has a similar distribution.
On the other hand, Khao Laem site does not show as much influence on SO, NO; and NH,
ions because of the low impact from human activity. The relative ratio of Cl, Na and Ca ions
were bigger than other 3 sites.

Sea salt impact in Khao Laem site appeared stronger than the other sites, however the
degree of impact was not so high as shown in Figure 1.1.2.3. The sea salt impact may be
small even if the distance from the sea coast is not so far. It will be important to compare
with the data of an inland area such as Chiang Mai site in a further study.

B nes-S04 Ralio 0f SO4 M Ratio of Ca
CILE] PR il S —

0% 2% 0% B0% 80% 100%

QEPP

oepp [:

erTe | ERTC

Khao Laem

Khao Laem

Source: PCD, modified by the Study Team
Figure 1.1.2.3 Ratio of non Sea Salt SO, and Ca
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1.1.3 Tendency of Acidity

For evaluating the differences of acidity, the following. analysis was tried, The.analysis'
was based on the report by Dr. Tsuruta *. In the report, some of the ions are classified into -
two groups. One group has ‘Acidification Potential (AP), which makes aCidity_ of
precipitation high. That to say, nss-SO, and NO, ions have AP. Another group has
Neutralization Potential {(INFP), which makes acidity of precipitation low. Both nss-Ca and
NH, ions have NP. |

Table 1.1.3.1 shows the annual average of NP/AP. NP/AP indicates tendency of the
change of acidity. Namely, when NP/ AP is high, rain frequently shows lower acidity.’ On
the other hand, if NP/ AP is below 1.0, precipitation may easily be of higher acidity. .

Table 1.1.3.1 Annual Average of NP/AP

Monitoring Site NP/AP
OEPP | 1.21
T™MD : 1.17
ERTC 0.92
Khao Laem ' 0.82

Source: The Study Team

Briefly speaking, NP/AP of OEPP and TMD sites was higher than ERTC and Khao Laem
sites. The value of Khao Laem site was the lowest . As mentioned before, the ratio of NH,
ion concentration at Khao Laem was lower than OEPP and TMD (see Figure 1.1.2.2), and the
portion of nss-Ca ion in cation might also be small. As, NI’ at Khao Laem site was lower than
AP, precipitation on Khao Laem area might be influenced by high acidification potential

materials, and apt to show lower pH.

' 1TSURUTA H., Acid Deposition in East Asia, Kagaku, 59, 305-315, 1989
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1.1.4 Comparison with Wet Deposition of Other Countries

EANET is an international monitoring network system for acid deposition. After steady
preparation, it officially started in 2001. - At present the following 12 countries participate in
EANET.

China, Indonesia, Japan, Lao P.D.R., Malaysia, Moﬁgolia Philippines, Republic of Korea,
Russia, Thailand, Vietnam, and Cambodia

The JCA Study Team obtained EANET data for the year 1999. Therefore comparisons with
some couniries, near to Thailand and Japan, were carried out. Table 1.1.4.1 shows the
monthly average/amount of wet deposition parameters in the year 1999. Also Figure 1.1.4.1

indicates the monthly rain amounts for each country.

Table 1.1.4.1(1) Monthly Average/Amount of Wet Deposition Parameters in the year 1999

Parameter MonthIJan Feb Mar Apr  May Jdun  Jui Aug Sep QOct  Nov Dec |[Total
Country _[Site Name Classificatior: Aberage
Rain Thailand |OEPP Urban 1451 3282 1947 1150 1548 1157 482 1103.8
{mm) ERTC Rural 194 1528 2845 1237 1734 1028 1592 €45 1080.9
________ Kneolsem |Remote | _______________ 138400 415 849 239 _ 78 2554 530 ____| 522
Vistnam  |Manci Urban 971 1709 18428 810 735| 603
________ HoaBinn. ___iRwral_ . ___ . _________.____________Bl.1 207 2023 1028 1%42| 7811
Malaysia [Petaling Jaya {Urban 1433 2222 3888 1749 4111 388 2035 1453 1728.0
________ TonehRatz__[Remote | 1131 1282 3744 3490 833 1049 2158 398 2428 284 1145 2935 | 274238
China Jiangexhan Urban 1200 235 434 1857 926 222 127 8771
________ Xisoping___ _{Remote | _ ___ 240 2990 1650 1421 2680 1886 _ . . _ | 10877
Japan Ashiruri Remote | 34.0 1158 2250 2149 2475 2640 3820 2205 4050 21187
Lake fira Rural 2945 3530 2580 7840 1669.5
Lake Banryy _jUsban 143.0 2440 371.0 1095 1785 1044.0
oH Thaitand |OEPP Urban 43 55 53 82 57 48 50 82
ERTC Reurz 45 4.5 47 54 §2 48 46 4B 4.8
________ Knagleem |Remes | 57 ‘80 87 59 57 58 55 83 | 57
Vietnam  |Harici Urban 8.3 5.9 53 5.2 53 58
........ Hoa Binh, __[RurEl e iammar e BB L85 B0 BT 852) 54
Malaysia |Petaling Jaya |Urban 4.3 4.2 4.3 4.3 4.4 42 4.3 4.3 43
________ TananRatz__|Remote | 4% 50 50 _50__47__ 48 __ 80 50 48 _ 50 50 _ 48] A2
China Jiancexhan Urban 53 6.1 8.0 5.3 5.2 8.1 87 58
________ Neoping____|Remese | 48 4% 48 42 54 80 . | sz
Japan Ashiruri Remote 4.1 45 48 5.1 54 5.2 5.0 48
Lake ljira Rurzl . 47 43 4.8 4.9 4.6
Lake Banryy JUrban 48 49 5.0 48 49 48
nss-50. Thailand |CEPP Urban . 152 208 171 168 172 167 225 181
{tmpliL) ERTC Rural 585 177 172 2056 185 249 243 217 254
........ Khagleem [Remeate | . R7__ 8B <10 23 12 40 20 15 | 38
Vietnam  [Hanai Urban 53 145 3186 105 7.2 13.8
| _____jreaBinh _ JRewml [ 5344 280 W4 78] 138
Malzaysia [Petaling Jaya |Urban i85 252 208 186 157 292 233 200 21.2
........ TanzhRata, [Remote | 5 _ 28 26 24 35 64 29 58 4810 19 _12] 33
Chiria Jigncexhan Urban 171 218 2040 252 1010 881 73.0
________ Xgoping _ |Remete | 155 182 260 123 148 207 _________| 181
Japan Ashirur Remeoie | 265 178 184 114 <1.0 23 3.0 128
Lake Kira Rural 88 163 135 B0 18
Lake Banryy  Urban 5.1 8.5 46 48 51 5.2
NQ= Thailand JCEPP Urban €3 88 183 177 168 260 278 178
{umalil) ERTC Rual 498 285 155 144 116 238 198 278 23.9
........ Khaolaeem [Remote | . ... . . 278 39 18 .51 12, 45 31 23 ____|__s2
Vietnam  [Hanoi Urban 0.1 99 M2 82 100 9.8
........ HoaBinh __ [Raral L eeiiiasaaeeoo...104,.002, 008 112 t08] 107
Malaysia |Petaling Jaya lUrban 136 1832 128 86 85 173 184 288 158
________ TanehRatz_{Remote | 21 __ 45 _ 37 __38__ 58 88 38 83 _ 5110 . 18«0 | 47
Chiria Jiancexdian Urban : 17.3 108 17.9° 301 350 1040 658 40.1
________ Xeoping ___[Remote | _______________ 182 175 71 __ 88 126 132 ______________] 143
Japar Ashiruri Remote 58.3 98 160 138 1.8 28 34 15.3
Lake Hirz Rurai 15.0 360 245 132 222
Lake Banryu Urban 8.0 8.4 3.6 9.1 8.0 5.8
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Table 1.1.4.1(2) Monthly Average/Amount of Wet Deposition Parameters in the year 1999

Parameter | Month|dan  Feb Mar  Apr  May Jun  Jul  Aug Sep Oct  Nov Dec [Tetal
Courbry  jSite Name Classification |Aberage
NH, Thaitand [OEPP Urban 34.0 422 598 496 405 404 342 43.0
{umoliL) ERTC |Rurat 681 2379 178 346 309 387 405 429 33.9
........ Kheotsem IRewote | .. 570 88 94 128 43 91 43 28 | 138
Vietnam  |Hanai Urban 93 85 32 13 81 8.1
oo fHeRBER  Rwel f ] 534423 40 82| 49
Malaysia [Petaling Jaya [Urban 42 123 810 2.9 5.0 107 148 138 8.0
........ TenanRata__[Remote | 52 65 80 98 105 194 129 138 _ 42 <10 0 _<io | 109
China Jiancexhan  |Urban 9.6 31 185 395 133 95.6 1490 A7t
________ Xaoping ___|Remote | ________........388 370 49f 232 S22 455 . ] 35§
Japan Aghirur Remote | 291 102 1485 120 <1.0 2.0 1.3 11.5
Lake Hira Rural 6.1 188 178 111 134
Lake Banryu  JUrban 91 170 148 5.3 5.3 10.3
nss-Ca Thalland |OEPP Urbar 16 145 150 111 115 100 {58 1238
(umokL) ERTC Rural 30.0 78 4.8 1286 133 121 76 114 124
. jcmolsem [Remote | TA__ &7 14 1602 08 12 14 L .28
Vietrtam  {Hanoi Urban 211 214 334 B6 138 19.7
________ HoaBinn __WRwal S 78 131 273 427 14l 211
Malaysia |Petaling Java |Urban 30 47 39 38 18 52 33 61 20|
........ TananRata__[Remote | 13 16 08 10 11 35 _ 28 . 29. 13,03 10 04l 15
China Jiancexhan.  |Urban 426 1840 1820 271 469 180.¢ 1020 1092
....... Maoping {Remote | . 24 198 199 07 G4 _ &1 ... ... .. | 87
Japan Aghirur Remoie 22 Q8 5.1 58 1.8 1.7 02 25
Lake fira Rural 8.0 6.9 8.6 47 6.5
Lake Bamryu  |Urban 0.6 03 <0.2 0.3 0.2z 0.4

Table 1.1.4.1(3) Monthly Average/Amount of Wet Deposition Parameters in the year 1999

{Precipitation Amount)

Parameter Monta|dai Feb Mar Apr  May Jum  Jul  Aug  Sep Oct MNov Dec |Total
Country |Site Name ___|Classification ' Absrage |
nss-50, Thailand [OEPP Urban 2.2 69 33 18 27 19 1.1 ‘201
(mmolio®fmonth) ERTC Rura! 1.1 27 4.4 25 32 2.5 39 1.4 218
........ Khaolaem IRemote | . ... .02 01 00 902 08 00 05 ot | 12
Vietnam  |Manoi Urban 0.5 25 5.8 0.9 R3] 0.2
........ HoaBimh IR | e, 412,83 27 08| 104
Malaysia {Petaling Jaya |Urban 28 56 8.1 29 88 - 1.1 4.7 29 34.5
________ TenshRata |Remote | 02 04 10 '09 03 07 08 23 12 03 _02 03| 83
China Jiancexhan Urban 241 20 8.8 4.7 2.2 0.2 20.7
........ Xaoping . WRemote | . . . 04 54 43 17 .39 .37 .. | 102
Japan Ashiruri Remoie 0.9 20 3.7 25 0.3 0.5 1.2 IARE
Lake fjira Rural 25 58 35 61 17.9
Lake Banryu _{Urban 0.7 1.6 1.7 0.5 0.9 5.4
nss-Ca Thatland |OEPE Urban 1.7 4.8 29 1.3 1.8 1.2 0.8 14.4
(mmaolfm*month) ERTC Rural 0.6 1.2 1.2 1.6 23 1.2 12 0.7 10.0
........ Khaolaem [Remote | . 01 82 o1 01 00 00 o3 01 ] o9
Vietnam |Hanoi Urban 2.4 37 6.2 07 10 136
o dbeaBinh  WRweat | ] 0535 55 _ 44 15| 158
Malaysia [Petaling Jaya [Urban 04 1.1 15 0.7 0.8 0.2 0.6 0.9 6.1
........ TanshRata [Remote | 01 02 03 04 01 04 06 1103 o101 01l 39
China Jiancexhan Urbar: 51 172 7.8 5.0 47 40 1.3 452
........ Xagging _ fRemote | . 0t 32 83 o4 o1 1o | 78
Japan Ashiruri Remate G.1 0.1 1.1 1.3 0.6 0.4 Q.1 3.6
Lake Kira Rural 24 24 1.7 38 10.4
Lake Bamryu  {Urban 0,1 0.1 0.0 0.0 0.0 0.3

Source: PCD and ADORC, modified by the Siudy Team
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Precipitation Amount {mm)

m OEPP B ERTC I Khao Laem O Hanol & Hoa Binh Petaiing Jaya
Tanah Rata O Jiancexhan B Xaoping Ashirud B Lake ljira m Lake Bannu
800.0
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2000 | g ¥ :
i .
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0.0 i A H .n ERH i
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Source: PCD and ADORC, modified by the Study Team

Figure 1.1.4.1 Rain Amount of Each Country

The highest total rain amount in 1999 appeared in Tanah Rata located in Malaysia, and was
over 2700 mm. The second one appeared in Ashizurj of Japan. This would be influenced by
a typhoorn. : '

Figure 1.1.4.2 shows the moht}dy trend of pH, nss-S0s and NOs ions in 1999. These

Figures are compared by urban, rural and remote areas.
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1.1.4.1 Urban Area

The lowest pH appeared at Petaling Jaya located in Malaysia, all the monthly averages
were below 5.0. The second lowest value was at Lake Banryu in Japan where values were
approximately 5.0. pH in Thailand was not as low, these values were almost normal
compared to other countries.

The concentrations of Nss-SO, and NO, ions were of lowest value in Japan. However
the differences between other countries was not so large and monthly trends of each

country were similar apart from some months in China.

1.1.4.2 Rural Area and Remote Area

The pH trends of rural/remote areas in Thailand did not show much difference from
other countries, Khao Laem site was higher than other countries.
Nss-50, and NO, ion concentrations at ERTC appeared higher in March and April, in the

Dry Season. However the values in the Rainy Season were not so different.
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1.2. Result of Air Quality Monitoring

1.2.1 Brief Description of Air Quality

PCD carried ouf an air quality survey at 44 points in the year 2000. Table 1.2.1.1 shows a
brief result of the hourly and daily data of each monitoring point. - Processing of daﬂy data
was carried out for the valid day, which demanded hourly 20 or more valid data per day.

In Japan, the attainment of some air quality standards is evaluated by 98 percentile value.
The reason of adoption of this method is to reject abhormally high vaiues. However,__ﬂxié'
method is not adopted in Thailand, air quality hourly and daily monitoﬁng data are evaluated
by this method tentatively.- S

Figure 1.2.1.1 shows the average of hourly and daily data, and 98 % percentile value of
hourly data.
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