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PREFACE

In response to the request from the Government of the Republic of
Indonesia, the Government of Japan decided to conduct the Study on the |
Intcgrated Air Quality Management for Jakarta- Metropolitan Arca and
entrusted the study to the Japan International Cooperation Agency (JICA).

JICA sent to Indoncsia a study team hcaded by Mr. Shonosuke Ezoe,
Nippon Kaei Co., Ltd. associated with Suuri Keikaku Co., Ltd., five times
between November 1994 and June 1997, |

The team held discussions with the officials concerncd of the’
Government of Indonesia, and conducted flcld surveys at the sludy area. -
After the team returned to Japan, further s!ud:cs were made and lhc present
report was prcparcd C

1 hope that 'th_is report will conlribute to the promotion of the project
and to the enhancement of fricndly relations belween our two countrics.

I wish to cxpress my sincere. ap'pre'ciatio'n to the officials concernéd

- of the Governmenl of the chubhc of lndoncsna for their close c00pcrallon o

_cxlendcd to lhc team

" June, 1997

 Kimio Fujita *
~“President o _
Japan International Cooperation Agency -



Mr. Kimio Fujita ' June, 1997
President '
Japan International Cooperation Agency

Tokyo, Japan

LETTER OoF TRANSM]TTAL :
Dear Sir,

We have pleasure qf submitling 1o you the Final Report of “The Study
on the Integrated Air Quality Management for Jakarta Metropolitan Area”.

This report presents the results of the study that was carried out for a
total period of 32 months from November 1994 to June 1997 by the Study Team
composcd of Nippon Koei Co., Ltd. and Suuri Keikaku Co., Ltd in accordance
with the contract concluded wnh your Agency. -

" The rcporl"consists of (1) the resulis of mcleo_rologica! survey, air

quality monitoring, . pblluiidn source survey, socio-cconomic survey and

institutional aspects survey, (2) the mlcgrated countermeasures to satisfy the -
draft ambicnt air-quality standards in 2010 in consideration of the current and
future air quality and to manage air quality for the Jakartia’ Mclropo_hlan Area,
and (3) the action plans until-2000 for three selected countermeasures.

~ On'this. occasmn w¢ would ]ﬂ\C o express our dccp appreciation-and
smccrc gratitude to ali thos¢ who extended their kind assislance and cooperation .
to the Study Feam, i particular the officials concerned from the Environmental
Impact Management = Agency: (BAPhDAL) "the ' Environmental Management

Center of BAPEDAL,  the: Agency of Meicorology & Geophysics, and the

Insiitute of Urban Plannlng & Enwronmcnl of DKI Jakarta. We also would like

1o extend our acknowledgments to the’ officials of your Agency, the Ministry of

Forcign Al'l:urs the¢ Eaviroament Agcncy, and the Embassy of Japan in
Indonesia. ' . '

We hope the report will reahsucally conlnbute to the fulure suslamablc
development in Jaquh Mclropoh!an Arca : -
' Sincc_rcly yours,

__<z-;__7_?f1_._..-.___}r¢L

~ Shonosuke Ezoe
Stidy Team Leader
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1.

CHAPTER 1  INTRODUCTION

1 Background of the Study

Jakarta, the capital city of the Republic of Indonesia, is located in the northwest of Java
Islaiid, and ils northern part faces the Java Sea.

Motorization, urbanization and industriatization have had detrimental effects on the air
quality in Jakarta. Although motorization scems (he main cause, large scale stationary
sources (combustion or dust emission facilitics) such as thermal power stations, large
cement factories, and the development of industries it areas such as Pulogadung,
Tangerang, and Bekasi are considered to worsen the air quality.

“The Ministry of Health and the Institute of Urban Planning & Environment of DKI
Jakarla (KPPL) have becn monitoring air quality regutarly since 1978. The Agency of

Meteorology and Geophysics {BMG) started monitoring air guality in 1987. In addition,
continuous automated monitoring of some stations has been carried out by KPPL and '
the E nv;ronmcntal Management Center. (EMC} of the Environmental Impacl
Management Agency (BAPEDAL) since 1981 and 1993 rcspecuvely The Ministry of

 Environment is in charge of planning of the environment-related policies in Indonesia,

and BAPEDAL was cs!abhshed in June 1990 as the exccutmg agcncy rcsponsﬂ)Ie for

s pzotectmg the envsronment

*BAPIZDAI planncd and mp!ementcd Lhc Blue Sky Program for lhc purpose of
© improving air quamy So far, several air quahly management studies have been

conducted m Jakarta or Jakarta mctropoht'm area (Jabotabek) by donor counmes These

~ donors are the World Bank, Austcalia; Canada, and many other countrics. 'n]cy have

already prepared and proposed SO many reports and program by sending many experts
for long-stay studies.

Counlcrmeasurcs for air polluuon proposcd in a pumber of studws have not ycl bocn
effectively implemented. The planmng and :nlplcmcmauan of mlcgralod and concrele

air pollution control projects, - concentrating ~ on  building : up and  reinforcing .

implementation organizations and systems, are expected. For the nason_ stated above,
the Government of the Republic of Indonesia (GOI} has requested the Go\:cmhmnt of
Japan (GOJ). to assist in clarifying the structure of air pollution problems by'
investigating pollution sources, planning an implementation schedule for the overall -
conirol strategy, and conducting tcchnology transfer and training in Jabolabek.



The Japan International Cooperation Agency (JICA) appointed by GOJ as an executing

agency, conducled the preliminary studics in April and December 1994, in response 10

this request. The Study on the Integrated Air Quality Management for Jabotabek (the

Study) was implemented in accordance with the Scope of Work (S/W) and subsequent

Minutes of Meetings agreed upon between BAPEDAL, the executing agency appointet
by GOI, and JICA. Subscquently, JICA set up a Study Team (the Team} and an
- Advisory Commiltee for the conduct of the Study. The Sludy began in December 1994

with the first visit of thc Team to Jakarta, The Team then carricd out ficld works in the
| Study Area for five times from November 1934 to Junc 1996.

.2 Oufline of the Study
.2.1  Objectives of the Study

This Study aimed o monitor continuously and by scientifically proven methods applied

for the first time In Jabotabek, ambient air quality and actual emission data of stack |

- gases, in order 1o grasp the present air condition, and to prepare an air pollution control

- strategy unéil 2010 in consideration of socio-economic conditions. The Study also

" included the formulation of a more concrete action plan- until 2000 by conducting

o ;‘nyestigalioﬁ'and analyses on the present status of the socio-cconomy, nature and
" ;-méleorology, air qualify, and air pollution sources.

Another major objective of the’ Stiidy was technology transfer and training of

- countcrpﬁrl mcmbe:rs_of'BAPEDAL and related organizations through the Study.
2.2 Study Area

“The Study Arca extends over DKI Jakarta, Bogor, Tangerang, and Bekasi, altogether

known as Jabotabek, as shown in Figure 1.2. 1. Within this area, the Study focused on

the region where air quality management is essential and/or signif: icant polution solrces

~arelocated. -

2.3 Work Flow and Time Schedule of the Study

~ First of all, meteorological survey, air quality monitoring and pollution source survey

CWere _carfied out. Then a simulation model of the present condition was prepared using
" URBAIR Model. Besides, the future frame work was assumed using the data from

socio-cconomic survey and the future emission fiom pollution sources was predicied
after estimating the air pollution load and assuming the future framework. Thenr the

t-2



present and {uture air quality of Jabotabek district was simulated using the Jabotabek
simulation model. In consideration of the simulation results, countermeasures for the
air quality were proposed.

The Study consisted mainly of lield work and analytical wotk mentioned above and
shown in the work flow diagram in Figure 1.2.2. The time schedule is shown in Table
1.2.1 by respective study items.

‘The Study is carricd oul the analytical work using the field work data as the continuous

ambient air qualily monitoring data, exhaust gas measurement data, ele.

.2.4 Tecimology TFransfer

Transfer of technology on measurements of meteorology, ambient air quality and
pollution sources to counterpaits from EMC, KPPL, BMG and other felevant
organizations was caried out through the field work, 'lcchnelogy of preparation of .

- stationary and mohdc soufce inventory was also transferred to the counterparts from
- BAPEDAL, using the s!ahonajy and mobile source study gu1dclmcs In addition,

- lechnology of simulation of the present and future air quahly was Lransfcrrod to 1he ‘
~ counterparts from BAPEDAL and BMC using Lhe simulation modcl

.3 Organization for the Study

W31 Japa:ieée Organization

The organization: for the Study on the lapancsc ‘'side - consisted  of Lhc Advisory :.

' Commutcc and the Team. The Advnsory Commitlce provided occasnonal gu:dancc to the
“Team. The lists of members of the Advnsory Committee and the Team are shown in

Tables 1.3.1 and 1.3.2, respectively.

1.3.2  Indonesian Organization

On the Indonesian Side, BAPEDAL organized the Stée‘ring Commiilice and the

Counterpart Team. The members of this organization were from the v&nous' :

governmental agencies and others rclated o the Sludy The hsts of mcmbcrs of
BAPEDAL Stecring Committee and Counterpart Team are shown in Tﬂblcs l 3.3 and
1.3.4, respectively.



1.4 Study Reports

In the course of the Study, an Inception Report, Progress Reports, and an Interim
Report were prepared. This Final Report is composed of four 4 volumes : Executive
Summary, Main Report, Supporting Report, and Data Book.

In the Main Repont, Chapters 2 to 5 cover the data monitored, measured, and analyzed

in the Study. Chapter 6 and 7 show the simulation of air quality in 1995 and 2010 &
using Jabotabek Sinulation Model. Chapter 8 shows the basic principles for the air

pollution control sirategy and action plan. And Chapter 9 and 10 present the source

control strategy and action plans, respectively.
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Table 1.3.1

List of JICA Advisory Committee Members

Name Ficld in Charge Position
Hidetsuru Chairman and Professor, Graduate School of Nultritional
Matsushila Overall Supervision | and Environniental Science, University of
Shizuoka
Shigemoto Air Pollution Deputy Director, Planning Division of Air
‘| Kaiihara Institutional Aspeet | Quality Burcau, Environment Agency

Section Chief, Air Conservation
Department, Hyogo Prefecture

Yoshikazi Suzuki | Emission Souice
Conirol

Nobuhire Koyama | Traflic and Senior Development Specialist, JICA

Urban Planning

Table 1.3.2  List of JICA Study Team Members

- Nanie Field in Charge

‘| Supervision/Qverall Control Strategy

“IShonosuke Ezoe .

Under-supervision/ActionPlan/

Masaaki Noguchi
: - Cost Evaluation

| Y:oichit'o Okayama |Air Quality Monitoring

Ikuo Inoue Chemical Analysis

Norihiko Kawanaka |Mecteorological and Air Monitoring
| Yoichi Endo |

|Makoto Miyakawa

Emission Measurement

Stationary Source Analysis
Mobilé Source Analysis
Source Control Plan

Akco Fukayama .

Masanao Nishimura

Kazuyuki Otsuka Traffic and Urban Planning

Akira Yasuraoka Air Pollution Mechanism/Simulation

Model
Economic and Financial Analysis

Hiroshi Hasegawa

Institutional Aspects

Yoshio Yamanaka - _
- |Liaison Support ’ng

Tomoo Aoki
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Table 1.3.3

List of BAPEDAL Steering Committee Members

Namg & Position
in the Committee

Position

Ir. Margana
Koesoemadinata -
Chairman

Director of Air Pollution Control, BAPEDAL

Ir. T. Sachrul Ismail -
Vice Chairman

Hecad of Environmental Management Center,
BAPEDAL

Sidik Poérnonio, MPA

Dra Rosalind R. 8, MSi -
Secretary

Director for Program Development, BAPEDAL
Staff of BAPEDAL '

Dr. R.T.M.Sutamihardja

Deputy Assistant i, Ministry of Environment

Ir. H.Budihardjo
Sockmadi, MSi

Head, Regional Development Planning
Agency, DKI Jakarta (BAPEDA)

Ir. Kosasih W, MS¢

Head, Bureau of Environmental Sludles
(BLH), DK1 Jakarla

Ir. H. M. Ali Rozi

Head, Office of Urban & Env:ronmcnlal
Sludlcs (KPPL), DKI Jakarta :

Drs. Hery Harjanto, MSc

Head, Analysis Section, Mcteoro!oglcal &
Geophysical Agency (BMG)

Ir. Sjarief Sadikin D.

‘|Head, Artificial Environment. Secuon “TK I,

West Java Province

Dra. A. Tri Tugaswalti,

| Dipl. EST

Health Ecology Rcscarch Center,
Dept. of Health :

Ir. Tjokorde Gde Agung
SP

Directorate General of Land Transport
Dept. of Communication -

Ir. Yusran M. Munaf ' ::

Director; R & D, Industrial Res & Pollutlon ‘
Control, Dept. of Industry :

Ir. Harry Santosa

|Indonesian Automotive lnduslry Assocmllon 5
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Table 1.3.4 List of BAPEDAIL: Counterpact Team Members

Counterpart Actlivily

Name Organization
Management / Margana Koesoemadinata BAPEDAL
Overall Control
Stratepy .
Under supervision Hary Wahyudi BAPEDAL
Air Quatity Monitoring | Hary Wahyudi / Hesrom BAPEDAL
Rafdjon Rax / Yusuf KPPL
Sumiratno / Tuti Mulyani BMG ,

_ Sukar . . Dept. Health
Mectcorologicat Rina Apnshanty ! Sigit - BAPEDAL-
Gbservation Achmad Sasmito / Imam Prawoto I BMG

Harlono / Yoga Sambodo / Edy -

Kelana / Syamsul / Edison / Ali

Usman

Rafdjon Rax / Yusuf KPPL
Emission Measurement | Djurit / Suprihandari BAPEDAL

Rafdjon Rax / Yusuf KPPL

‘Eliza  Ghazali

Adlin / Mustafa

Dept. Industry
Dept. Transptl.

Under supervision

Ridwan D Tamin

BAPEDAL

"Emission Seurce

Achmad Gunawan f Anwar Hadi /

BAPEDAL

Analysis Atu _ “Dept. Transpl.
Toto Wicaksono BMG :
Mangasa KPPL

: - Junani / Liliansari

‘Action Plan /| ‘Edy Purwanto - BAPEDAL

“‘Cost Evaluation Liliansari =~ KPPL

Source Control Plan ~ | M Ilham Malik / Atu l Ansnn BAPEDAL ~

| Junani- “KPPL

“Tolg: WlCﬁkSGﬂO

Dept. Transpl.

-Traﬁi_c- and Urban

Edy Purwanto / Fitri Harwau I

BAPEDAL

Planning Nugroho Indriyo Dept. Transpt.
- ' : Purwolto’ KPPL
Air Polution Fitri / Saiful / Wisnu / Saptanu BAPEDAL
Mechanisms _ Rafdjon Rax KPPL
{ Simulation Model Imam Prawoto BMG -
Economic-and Financiall Helneliza BAPEDAL
Analysis Kosasih' W BLH
: . - ‘| Purwolo . KPPL .
Institutional Aspects . | Umar Suyudi BAPEDAL
L | Aurora BAPPEDA

Jupani
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CHAPTER 2 METEOROLOGY

2.1 Oulline

New cquipment for meastrement was installed in the stations al KPPL and Thamrin
during November - December 1995, and existing cqmpmem was overhauled at the
momlormg stations of EMC, Pnlogadung, and Pluit.

-Surface meteorological observation started in January and cnded in Dcc:,mbcr 1596.

| Upper layer observations were carried out on December 12, 1995 for the first time,

from February 3 109, 1996 for the second time, from May 22 to 28, 1996 for the third
time, and from August 1 (o August 7, 1996 for the fourth time.

2.2 Surface Meteorological O_blservalion

Technical know-how transfer was made to counterpart personnel from EMC and KPPL.
This involved mainly theories of measurement and methods of operation of monil(')'ring
equipment. A manuat on basic operation and proofreading methods was prepared for -

- technical know-how transfer, since lime was (00 limited to’ transfer direclly the -
' operational mcthodoiogies for many kinds of monitoring equ;pmem. Momlormg ucms

: and msirumenls at various m(}mionng statlons are shown in Table 2 2.1.

Tab!e 2 2. 1 Monitoring ltems and Instrumen(s at -
Various Momtormg Stations

“Ttems | Instrumeats” - . F,MC Pulo Pluit | Thamrn | KPPL
e o Gadung ' o Sl

Wing Direction ‘Wind Vane & Anemometer ® & ) O

Wind Velocily Wind Vane & Anemometer e | @ ® - )

Temperature - | Electrical Resistance Thermometer ® @ ®

Humidity - " | Hair Hygrometer ® ® o

Solar Radiation ~ | Pyranometer ® g :

Net Radiation Net Pyradiometer ©

2.3 Upper Layer Meteorological Observation

Technical know-how of methods concerned was transferred (o counterpart personnel
from BMG and EMC, during the four observations. This technology transfer was




catried out through gnidance on objectives, methods and equipment for upper layer
meteorological measurements, and by rehearsal and actual aperation of the observation
cquipment.

Meteorological abservations were carricd out for four times, and the observation items
were wind speed, wind direction, and temperature at cach standard height level.

- 2.4 Results of Observations
(1) Data

Al field data are arcanged in Part 1 of the Data Book atiached to this Main Report.
Part 1 (Meteorology) of the Supporting Report, also contains the compiled data from
the ficld data.

| ‘ : {2) Surface Mctcofology -

O As shown in Figure 2.4.1, the annual average wind in the Jabotabek arca is very
" weak, I is often calm (wind speed lower than 0.5 ms) in night time. The wind
o speed is very Jow at night and is only moderate in daytime. The highest annual _
average wind spced is in the range of 1.5 to 3 m/s and is recorded at 2:00 p.m. at all
5 moenitoring stations, ‘The annual a\crage divrnal lcmpcralurc in Jabotabek ranges
between the lowcsl of 24 10 26°C rccorded al 600 a.m. and the highesl of 32 to
'33°Ca£100pm '

_ _Adjuslcd Pasqmll's_ stabitity of: suiface atmosphefe is given in Figure 2.4.2 as an
'a\'é_ragc:frcqucncy at each monitoring stations. The net radiation data at EMC ware -

i- used 1o estimale the stébilitjr in other stations. The highest slability is G (the |
chrcniciy' stable condition), followed by dD and nD (ncutral condition, day and
night). '

(3) Upper Layer Mcleorology

_ ‘ _Figurc‘ 2.4.3 'shO\fs the annual average wind rose diagram of the upper layer, The :g%
- directions of upper layer winds are westerly in December, northwesterly in February,
- easterly in May, and southeasterly in August. Wind speeds are highest in December
~ and lowest in EAugust The frequency of lower inversion (lower than 450 m) reaches
68.4% and 63.6% at nights in December and May, respectively.

The intensity of the inversion layers is not so strong, because the temperature
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gradient is lower than 3.0°C/100 m. Scasonal averages of daily maximum ‘Lid®
(inversion layer) heights are between 700 m in February and 1,300 m in August.

2.5 Evaluation

The surface Jayerin J abotabek has a character to diffuse pollutants emitled close to the
surface, such as mobile sources; because of the prevalence of wind in daytime. On the
contrary, pollutants emitted at a higher level can reach the ground surface by the-

~ disturbance in the mixing layer, This is one of the reasons for high concentration of

pollutants in daytime.

In the night, because of less windy condition, pollutants emitted near the ‘ground
surface accumulate there. However, as activities of the emission sources become

- slower at night, usually pollutant concentrations will gradually go down. Next morning,
-if there remains a stable layer, the high conccnuaﬁon will appear again when the
activities re-gain. The poliutants’ emitted at a high level in the night drift in the sl_able

- layer, and finally reach the ground after development of a mixing zone in the morning.

In Jabotabek, wind pass is smooth because of the flat a'nﬂ opc'n_ land arca and because it

faces the sca. Conscquently, the intensive inversion tayer develops not so ofter in the

region. Ho#)cvc_r, the data show that somclime the lid héight isnot so high, such as in

s February.
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CHAPTER 3 CURRENT AIR QUALITY

3.1 Outline
Initial air quatity monitoring and supplemental monitoring were carried out as follows:
{1} Air Quality Monitoring

New monitoring equipment was installed at the KPPL, Thamrin and Cibinorig
stations, and the existing monitoring cquipment at EMC, Pulo Gadung, and Pluit
was overhauted during November - December 1995, Monitoring activities started in
January 1996 with equipment niaintenance, data collection, and technology transfer.
It was carried out for one year.

(2) Supplemema] Monitoring

To supplement the automated continuous momtormg at the fixed stations and obtain
the input data for CMB analysis, supplcmemai momtonng was camcd oul at Pulo: :
Gadung, Pluit, ‘Thamrin, KPPL, and FMC

3.2 ¢ Air Q_u'al'iiy" Monitoring

(1) - Air Qualiiy' Monitoring Stations "

l‘ﬂc name and locauon of each momlonng stauon is shown in Table 3. 2 1 and |
Flgurc 3.2.1, '

Tab!e 3.2.1 Name and Lo¢ation of Moniforing Stations

Name : Location

" EMC - | Serpong, southwest of Jakarta city. No specific cnussnon source
- | nearby. Typical monitoring point for hinterfand.

Pulo Gadung | Industrial park, east of Jakarta city.

~ Pluit North of Jakarta cily surrounded by a residential arca,
Thamrin | Cenlral part of Jakarta city along J1. ‘Thamrin near the rotary ‘
" KPPL | Central part of Jakarta city, about 30 m- from Ji (,asablanca

surrounded by residences, buildings and graveyards.

Cibinong South of Jakarta city ncar barge cement factorics.




(2) Monitoring items and nicasurement methods

The monitoring items and measurement methods are shown in Table 3.2.2.

Fable 3.2.2 Monitoring Kems and Measurcment Methods

Tienis Measurement Method | EMC | Pulo Pluit -|Thamrin] KPPL |Cibinong
Gadung
80, |Sotution-conductivity method @ | @
Continuous UV fluorescent method ' ® ® o
NOx | Absorptiometry using abserber solution o | ®
Continuous chemiluminescent method . J L ® ]
Ox | Absorptiometry by noutral K1 absorption ® ®
“|method ' '
0, |Continuous UV absorptiometry method @ ® d
- CO Non.AdismrsiOn infrared absorption method| @ @ @ e o
SPM | B ray absorption method o ® @ ® © @
@ @ ® ! & | 0

~ HC | Gas chroniatograph {using FID) method |
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3.3 Results of Monitoring
3.3.1  Comparison with Ambient Air Quality Standards

Monitoring data were collected during the period from January to December 1996,
Average concentration in each monitoring station in the period of observation is shown
in Table 3.3.1.

Table 3.3.1 Monitoring Resuits (Average from January to
December 1996)

Tems | Unit | EMC  |Pulo Godung|  Ploit | Toamein | KPPL | Cibinong
50, | b | 37 | 42 47 | 94 | 40 -
No | ppo | 30 273 | - 219 | 1094 35.0 ]
No, | ey | 77 86 | 100 | 291 25.5
wx?on.:mmp?;’;m BT 59 | 379 1385 | 605 -
ox | e | 180 | - | T e o
o | o | s | e | a2 | -
co | peb | 40 | 1490 | 1600 2,790 1840 | -
sPM | ngm® | 530 | 16l |  saa | sts | - 818 | 466
o, | Tabe | zas | zeee | zsed | 2se8 | 2299 |-
NMHEC | pobe’ | 30 | w2 | s [ w2 o
THC | pobe | 2515 a3 | smio | ades | oasu | - N

Notes: CH4, NMHC & T-HC, from 6:00 t0 9:00
(1) One-Year Average

As shown in Table 3.3.1, SO, concentrations at 5 moniloring stations ar alt lower
than the valve of 20 ppb specified in the proposed National Ambient Air Quality
Standards (AAQS). NO, is also lower than S0 ppb specified in the proposed
National AAQS al all stations. And CO is far below 8,000 ppb specified in the-
current AAQS of DKI Ja_ka‘rlé (there is no national AAQS for onc-year average). -
“There is also no one-year average ‘of Oxidant or O, standard in: the proposed o
 National AAQS. AAQS of DKI Jakarta prescribe a level of 15 ppb for Oxidamt O, B
"~ which is not satisfied by the data (Table 3.3.1) of EMC and Pulo Gadung stalions.
_ llm_véxfcr, Oxidant coneentration al EMC includes the other photochemical Oxidants
besides O, / :

~“Fhere is no SPM standard in _lhe propoSed National AAQS. DK1 AAQS is 60 pg/m’
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for one-year average. Except EMC and Cibinong stations, the SPM valves in Table
3.3.1 exceed the DKI standard.

(2) Shorter Time Average

As shown in Table 3.3.2 all values of SO, 24-hour average concentration at each

meniloring station satis{y the current and the proposed AAQS. NO, concentrations
~ exceed the current standard 24 days out of 313 'days at Thamrin station and 5 days

out éf 345 days at KPPL stalion. NO, concentrations exceed the proposed standard
“15 days at Thamrin. :

* Table 3.3.3 shows the comparison of SPM concentrations with ;AAQS of DKI
jakarta. SPM concentrations exceed the standard 24-hour average 17 days out of
331 days at the Pulo Gadung station and only one day out of 348 days at the KPPL
slation.

Tables 3.3.4 and 3.3.5 show the comparison of CO and Total Hydrocarbon (THC)

‘ conccmrations_respcctively with AAQS., The concentrations of CO at all the slations

* “satis{y 8-hour averages of the current and the prolwoscd AAQS The concen'lralions '

~ - of THC at all the momlormg stations exceed 3-hour avesage of the current and the

5 proposcd AAQS. Accordmg to these n,sulls 'I'HC conccmrauons ar¢ the blggcst
. prob!cm in thc ]abotabck area. ' ‘

’l‘able 3.3. 2 Comparison of SOz and NO,Concenlmuons with ~
: Ihc Current and the Proposed Nal:onal Amblent
Air Quality Standards '

24 HOUR AVERAGE
' Count .
o Standard Value | Over Standazd © Total
‘Location . | Polutant | Cucrent | Proposed | Curcent | Proposed | Samples
EMC _ L ' 0. 0 196
'PUIOGADUNG - B ‘ L0 0 332 ¢
PLUIT 1 so, |100ppb | 1iOppb | O 0. | 247
THAMRIN o : . 0 o © 258 -
KPPL 0 - Q 232,
EMC . .0 -0 352 ¢
PULO GADUNG| -~ - 0 0 339’
PLUIT NO, S0 ppb | 80 ppb 0 0 293
THAMRIN ' 24 15 313
KPPL 5 0 345
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Table 3.3.3 Comparison of SPM Concentrations with the Ambient Air
Quality Standard of DKI Jakaria

24-HOUR AVERAGE

Count
Location Pollutant Standard Value | Over Standard | Total Samples |
EMC ' 0 349
PULO GADUNG} : 17 331
PLUIT SPM 180 pg/m’ 0 300
THAMRIN 0 320
KFPL 1 -348
| CIBINONG 0 343

Table 3.3.4 Comparison of CO Concentrations with the Current and
the Proposcd National Ambient Air Quality Standard

8-HOUR AVERAGE (000 TO §:00, 8:00 TO 16:00, 16.00 TO 0:00)

Standard Value Count
Location - “Pollutant © | Cumrent/Proposed Over Slandard Tolal Szimplcs .
| EMC o . _ 0 8,353
PULO GADUNGl .| 20000 ppb./ 0 8,026 .
| PLUIT 1l co | 9000ppb N | 6,663 -
THAMRIN | L ' b0 8,207
KPPL - B - "' 2 DR { 8,525

"Table 3.3.5 Comparison of T-HC Concentrations with the Current
- and: lhe Proposetl Nfauonal Amblent Air Quality Stqndﬁrd

:3- llOUR AVERAGE (6:00 TO 9: 00) '

‘ . Standard Value - ~Count
Location Pollutam - | Corrent/Proposed | Over Standard Tolal Samples -
EMC _ 213 213
PULO GADUNG E 240 ppb / 317 317
PLUIT ©THC - C240ppd | 190 190
THAMRIN | . -~ . f S IR 1 2 302
| KPPL f S L ' 1346 346

3) Hourly 'Valucsi |

Table 3.3.6 shows lha compansons of SO, and NO, w nh the proposed AAQS, Al
* of SO, hourly values satisfy the proposed AAQS. NO, concentrations exceed the
- hourly standard value 18 hours out of 7,637 hours at Thamrin station, and only one
~ hour out of 7,329 hours and 8,377 hours at Piuit and KPPL stations.

3-6




Table 3.3.7 shows the comparisons of O, (O,} with the current and the proposed
AAQS. O, concentrations exceed ‘the standard values at Icast one hours at Pulo
Gadung, Pluit, and Thamwrin. O, concentrations exceed the current standard 96 hours
and exceed the proposed standard 228 hours out of 8,000 hours at EMC station, and
O, concentrations exceed the standards 2 hours and 12 hours at KPPL station.

Table 3.3.8 show the comparison of CO with the proposed AAQS, and the
coricentrations of CO at all of the stations satisfy the hourly standard.

Table 3.3.6

Comparison of SO, & NO, Concentrations with the
Proposed National Ambient Air Quality Standards

“Table 3.3.7

HOURLY VALUES
. _ : Count

Location Pollutant Standard Value QOver Standard - Total Samples
EMC ' : ¢ 5,113
PULO GADUNG L0 8,039
PLUIT $0, 340 ppd 0 6,169
THAMRIN ‘ : ' 0 - 6,213
"KPPL g - 6,298
EMC 0 © 8470
PULO GADUNG _ -0 8,192
PLUIT ‘ NO, 210 ppb R 7329
THAMRIN : L 18 . 1637
KPPL 1 8377

_Cbinparison of O, Conce_ntrationé with the Current and
" the Proposed- Naifonal Anibient Air Quality Standards

HOURLY VALUES — ]
' Count

Standard Values | . Over Standand Total

Location Pollutant | Current | Proposed} Current | Proposed Samples . |
EMC ( o, | : 96 | 228 8,000
PULO GADUNG 0, . ._ 10| 18 3,710
PLUIT 0 100 ppb | 80 pob s | 17 7,318
THAMRIN 0, L ol 8 7,608
KPPL 0, 2 e | 8,002




Table 3.3.8

Comparison of CO Concentrations with the Proposcd
National Ambicnt Air Qualily Standards

HOURLY VALULES
— o Count
Location Pollutant | Standard Valuc | Over Standard | Total Samples
EMC ' 0 8,353
PULO GADUNG 0 8,026
PLUIT Co 26,000 ppb - 0 6,663 .
THAMRIN ' 0 8,207
KPPL 0 8,525
3.3.2 Comparison of Ambic¢nt Air Concentration with Other Megacities

Table 3.3.9 shows the comparison of the annual average ambicnt air concentrations in

Jabotabek with other megacities of Asia.

' SO2 and NO, concentrations ‘in".laka.rta, Bangkok, Kuala Lumpur, Tokyo, and Calculta

are atmost in the equal l_c_{'cl, and SO, concentrations in Beijing are relatively high.

. 'SPM concentrations in ambient air in Jakarta, echpt'EMC is more than 1.5
highcr than thosc in: Kua]a Lunipur of Ma]aysm in onc-yca: average. . TSP
- concentrations in hkaﬂa Kuala Lumpur, and Bangkok are almost in thc cqual rangc

- and lower than Ihosc in Bcumg, Lahore, and Calcutta.
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‘Table 3.3.9 Comparison of Ambient Air Quality between Megacities

Notes: *1:
S
*3:

*q:

Average from Janmry to November, 1996 _ '
Annual mean of 1989, “Urban Air Pollution in Mcg'acmcs or thc Wodd (Rcf 23%)
“Malaysia

Annval mea of 1995 (SO2 a Shah Alam :
" Environmental Quality Report 1995 {Ref. 234)
Average from Apiil 1995 to March,

. Monitoring Stations” (Ref.235)

a5
6.

*7:

Average from 1987 t0' 1990
* The data rcg'mlcd as TSP in our category from the context

amual mean of 1994),

Cily Monitoring - S0, SPM TSP - NO,

Station _(ppb) | (ra/m) (e/m’) _(ppd) .

Jakarta™ EMC 3.7 53,0 - 1.7

|__Pulo Gadung 4.7 116.1 18.6

Pluit 4.7 84.4 - 10.0

Thamrin 9.4 8i.5 - 20.1

" KPPL 4.0 87.8 - 25.5
Bangkok™ SR1 5 o - -
Kuala Lumpur” | _Kuala Lumpur 5 58 - 21
Shah Alam 2 30 - 17
. Peialing Jaya 22 58 - 26
Tokyo™ Chiyoda _ i1 57 - 50
" Shinjuku 7 52 - 37
Ohta 8 40 38
Qumie 5 30 - 17
Jakarta” Industrial - - 185 -
Beijing™ Commercial 17 413 -
Shanghai” Comnicicial 24 - 253 -
Lahore™ Suburban - - - 496 - -
Batigkok” Industrial - - 244 -

{ Kuala Lumpur™ Indusirial - - 144 -
Jakarta® oA, - - 271 -
Beijing™ na, 40 - - 370 -
Bangkok™®. n.a. 5 - 105 - -

Kuala Lumpur™® n.a. 8.4 - 7119 -
Calcutta™ n.a. 19 ° - 393 L
Bangkok” Average e - 1330 -

1996, ‘Measurcment Report ol’ Ambicot Air

“World Dév clopmem chou 1992 (World B"mk)

Average from 1987 10 1990 *“World Development Indicators 1997 (World Bank)

The data nganicd as TSP in our category from the context

Average in 1993 and average of 15 places  “Adtion Plan for Controlling of Air
Pollution andNoise from Vehicles E Thaitand - March 1996 (Polluuon Comrol Depast, M.
of Sclence, T. & Environment)”

The data regarded as TSP in our category from the context
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3.3.3 Changing Propcertly of Concentrations

Except ozone and oxidani, almost all moniloring items are influcnced by mobile
exhaust gas. They have a sharp peak concenteation in the morning which coincides
with traffic congestion. In the ¢cvening and at night they also have peak concentrations,
but these peaks are low and broad (Figures 3.3.1 to 3.3.6).

Ozone and oxidant concentrations in Jakarla are low in nightlime, and become high

around noon, but at EMC peak concentration occurs 1 or 2 hours later than in the
Jakarta arca (Figure 3.3.6).

'_3.3.4- Requirement of Maintenance Activities for the Mcasurement
Equipment

Although no problem related to the measurement cquipment themiselves accurred on

measurement equipment during the Study, mosi of problems were caused by
- conditions of temperature, humidity, and especially power source. Other cause of the
-problem was closcly related to maintenance of the cquipment by stall who tend to

operate the measurement cquipment without enough undesstandings measurcment
methodology and ¢quipment mechanism.

~ It is possible to use the measurement equipment in’ good condition and (o obtain high o | @
- quality data-for a long time in Indoncsia by maintenance of the equipment with well
. undcrs!'anding mechanisnis; 'S!rucl'urcs, and futures :oi' thc cquipmcnl.‘ ‘

It is very m)porlant to avoid lack of measurcment bcforchﬂnd by teaching concerncd '

stafT such as EMC KPPL on proper maintenance’ of the cqmpmcm Accordmg,ly, '

training and cxlugahon to lcarn techniques on the maintenance activitics should be
- conducted. .
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3.4 Supplemental Monitoring

3.4.1 Monitoring Results of Selected Items

Supplemental monitoring was carricd out on the items indicated in Table 3.4.1.

Table 3.4.1 Supplementat Monitoring Items and Sampling Points

’%ﬁ Items Sampling and Analytical EMC | Pulo Phuit | JICA | KPPL
___Method . _ Gadung Office
SPM High-volume Sampler - HY @ ®
Sampler (24 hours operation | (1) (1.
in one month) & Weighing
TSP High-volume Sampler & L) @ S
Weighing - : (1) 9) {10)
Hg Au-amalgam Sampler & ® .
Atomic Absorption _ (10)
Heavy Metals [High-volume Sampler & & ® @ @ @
Neutron Activation - ' ai |
Analysis of Ca,Sn,Na,Mn, ao 1 UZ) (10) (1 .(11}
Ni,Cr,Zn,Fe,Pb,V.K - o
and others 5
Particulate Size [Andersen Sampler (30 days @ &
- Distribution  |operation inone month) & . '} - OB )
. Weighing : '
B . | Benzo(a)pyrene [High-volume Sampler & ' @
J, R - High Performance Liquid g
L |Chromatography : : f _'
- -~ INonmetallic lons[High-volume Sampler & lon} @ o @ ® ®
, Chromatograph o ¢ Uae :
| |NR,".NO; S()‘{ (10) {12) (lO)Af (l!): f (1}
- Carbons High vqumeSamplcr& - ® ® ¢ | © | @&
Thermal Manganese ' e - ﬂ .
Oxidation Method for . ,(“” (12 UO) (1 ,l)- (n
Elemental and Organic S o
Carbon
" Note:  In parcnthesis; Number of monitoring during a year,
(1) TSP (Total Suspended Particle) and SPM (Suspended Particulate Matier) |
" Monitoring resulis in 1996 arc’ shown in Table 3.4.2 and Figure 3.4.1. TSP
E : concentrations wete measured at KPPL,: Pulo Gadung and Plit, and SPM
R conccmrations‘at EMC and JICA Office. Only in fanuary, TSP concentralions were

measured at JICA Office. SPM concentrations were below the DK1 Jakaria standard, -
but TSP ones exceeded the draft national standard in 6 times. Monthly changes
show that concentrations are higher in the dry scason than in the rainy season.

Definition of TSP and SPM are shown in Appendix 2.3. ‘
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Table 3.4.2 TSP and SPM Concentrations

(Unit : mg/m®)
SPM TSP '
Month EMC JICA KPPL Puolo Gadung - Pluil
January . 0064 0.083 0.17 0.13 0.12
February 0.038 0.645 013 o 0.4 ki
i Match - 0.053 0.21 0.17 0.067
-April - - 0.13 0.19 0.17
May 0015 0.065 0.13 0.22 0.11
June 0.0535 0.029 032 02 ALY
Tuly 0.039 "~ 0.108 0.28 0.19 0.19
Auguslt 0.034 0.063 0.14 0.15 0,22
Septeraber 0.047 0156 0.19 0.32 0.23
Oclober 0.047 . Q0.153 - 0.33 0.30
November 0.017 0.056 0.08 0.17
December 0.00% - 0.004 - -

Note: SPM is measuredad EMC and JICA Office {except Januvary), while TSP is mmsﬁmdm KPPL, :

Pulo Gadung and Pluit.
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Figure 3.4.1(1) ‘Monthly Changes of SPM
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‘Figure 3.4.1(2) Monthly Changes of TSP

@) 'Mer'u:ttrj (Hg)

Hg concentrations range from 6.7 o 33 'n'gl'h:",' and maximum concentration was

measured in April (Table 3.4.3 and Figure 3.4. 2). The concentrations in Apnl July

-~ and August exceed WHO Env;ronmcmal Health Criteria, 15 ngfm Even the
" measured lower range of concentration  is lnghcr than the backgro'und values in -
 Japanese couniry sides of Hg (2 or 3 ng/ m®) in ambient air in Japancse country
*sides (Ref. 236). | R

Table 3.4.3 Hg Concentrations

(Unit : ng/m’)
January February March “April May June
7.4 [l 14 33 1 15
July August | September |  October | November | December
20 17 - - 9.0 6.7




(Unit : ng/m%)

10g e

80 }

‘ cb !ar | A {y . un Jt. Aug Sep Ot Nov D:c
i Month
j I«lgure 34. 2 Monthly Change of lig Concemralmn atJlCA Office .

¥ Bcn'zo(a)pyrcne ®aP)

'Bcnm(a)pyrcnc coneentrations in 1996 ¢ ranged from 026 o 5.6 ng/m’, _

~ maximum concentration was observed in Seplember and mmlmum concentration in

E May Annual average - value. was 1.91 ngjm ‘Three months average BaP
concentration in Bangkok (”lhalland) and Tokyo (Japan) were reporied to be 2.05 -
ng/m* and 2.74 ng,lm (Ref 237) BaP conccnlraﬂon at both arcas were almost in - -
the same d{,grcc ' S |

Table 3.4.4 BaP Concentrations

“(Unit : ng/m®)

_January lcbmary” - March Aprit. | = May June
L5 1.1 . 0.41 _0.26 0.34
Jaly . | August September | October | November | December
2.8 23 5.6 3.0 - 1.8




(Unit : ng/m:')

Figure 3.4.3

() Size Distribution of TSP

Jul
Mooth °

Monthly Change of BaP concentration at JICA Office

‘Aug

: Se;i

Size distribution analyses of TSP as observed in 1996 at EMC and HICA 0ff ice are
. shown in Tables 3.4.5 and 3.4.6. ‘The ratio of fine parucles smaller than 2m is
: high, accounhng for 49.0 % at EMC and 51. 5 % at JICA Officc. On the other hand,

the ratio of coarse particles the largér than 11 m is 14.3 % at [‘MC and 17.8% at

JICA Ofncc and the ratio at the roadside (JICA) is higher.

Table 3.4.5

Size Distribution of TSP at EMC

, {Unit : %)
Month § <043 m | <0.65um ]| <l.lgm | <21pm «:3 3um| <47pm| <1.0am | <11.04m | 1LOgm<
Jan. - 17.1 8.4 8.8 58 | 6.7 9.5 83 | 75 | 2719
Feb, 24.6 5.0 6.4 4.8 6.1 2.6 | 298 | 10.2: 10.4
Mar. - - - - - e - : : -
Apr. . - - Lo - - - - - -
May | - 24.1 149 i4.3 6.6 8.4 9.3 6.8 6.0 ‘9.8
Jun. - - - - - - -
Jul. 21.8 109 | t1.3 1.5 - 8.8 12.1 105 96 | 15
Aug. 24.7 6.7 | 6.1 5.6 4.6 2.4 1.6 ©29.5 18.7.
Sep. 23.3 10.3 8.7 32 6.3 9.2 103 | 9.5 19.1.
Ocl. - - - - - - - .
Nov. 239 14.6 16.9 6.8 8.0 ] ) 5.7 6.3 6.4
Dec. - - - - - - - - -

- 3-21




Table 3.4.6

Size Distribution of TSP at JICA Office

o (Unit : %)
Month | <043 ,m |<0.65um | <llpm | <21pum| A3pum| <dTpm] <7.0pm | <11.0pm | 11.0,m<
Jan. 19.9 5.7 7 52 4.3 3.9 11.0 12.5 25.2
Feb. 17.6 6.7 v - 6.2 4.7 2.2 1.0 350 | 229
Mar, - - - - - - - - -
Apr. 18.5 7.8 4 6.0 5.3 3.1 9.2 10.9 27.8
May 200 3.8 .G 6.0 4.7 2.9 12.5 11.0 19.6
Jun, - - - - - - - - -
Jul. 749 2.1 A4 2.0 1.8 33 - 4.1 4.7 4.7
Aug. 1.9 21.2 2.9 2.5 1.9 0.8 0.5 16.7 9.5
Sep. | 14.4 7.2 9 4.9 4.6 10.4 129 13.9 25.9
Oct. - - - - - - - - -
Nov. 52.2 11.9 9 59 3.8 6.2 4.5 3.7 6.9
Dec. - - - - C- - - -

3.4.2 Analysis of SPM/TSP for CMB Method

(1) Carbons

* Total carbon (Ct) is 'dividcd into organi_c_carbon and clcm'cmalicarbon. Two thirds of
‘total carbon is elemental carbon, and one third organic carbon at all the stations.
“Total carbon accounts for around 60% of SPM and around 30% of TSP (Figure -
3.4.4). Because the tatio of coarse particles is h:ghcr in ‘TSP, the ratio of total

H)

Total Carbon Concentration (ug/m3)
5 2 '

* catbon is lower in TSP.

I Puke Gadung
KPFL

.lltA Jan.
0!1( A
E"\.{L. -

160 B

200

250

SPMITSP Coneentration ug m3)

‘Figure 3.4.4  Total Carbon in SPM and TSP
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E Note:

)

Bromiine {Br) as well as lead (Pb) arc good indicators of exhaust particles from
vehicles using leaded gasoline. The Bromine/Ct ratio is around 0,001 in the outskirts
of DKI Jakarta, and more than 0,001 with big fluctuations in the center of the city.
The reason for this phenomienon is that Br disperses into the ambient air during the
transportation from the city center to the outskists (Figure 3.4.5).

140

Br (ng/m3)
38

&0
Total Carbon (uz'md)

‘The valueof 1, 000 ag!m of Br and 1 16 95 ugfm of Ct al KPPL ac placed the oulsuje of the ﬁgum
ard are onuued .

Figllré 3.4.5 Br and Total Carbon Ratio

Tonic Components

lons liké chioride (CI), nitrate (NO,?), sodium (Na*), calcium (Ca®*) and magnesivm
(Mg?*) show a remarkable dif ference in ‘concentration between SPM and TSP. These
jons show higher concentration in TSP. On the other hand, ions like sulfate (50,1,
potassiom (K*) and ammonium (NH,") show ‘little difference in 'cbhcchtratioh o
between SPM and TSP. This fact means that the former jons like chloride and so on
exist mainly in coarse pamc!cs and the latter exist mainly in fine pamclcs (Appendvc
2.4).



" (3) Elements
Ihe following features were clarified so far (Appendix 2.4) :

1) Aluminum (Al), calcium (Ca) and iron (F¢) are indicators for soil particles,
showing high concentrations in coarse pariicles.

2) Vanadium (V) and nicke! (Ni) are good indicators of fine emission particles from
oil combustion. Observation data, however, show high concentrations in coarse
particles. The high concentration of vanadium is duc mainly to V content of
around 200 pg/g in the soil.

3) Brand Pb arc good indicators of exbaust emission from vehicles using leaded

- gasoline. Bromine concentrations become high in the city center as mentioned
(1) above, |
4} SPM concentration at EMC is low, however, Pb and antimony (Sb) components
arc high. Sonie unknown source(s) of these components is/are cxpec(ed
'5) Although TSP is sampled on the roof of a building at KPPL, soil components
*like Al and Ca are high. Construction works in the neighborhood would affect g
- the components.
06) Lead concentrations at EMC cxccedcd the proposed AAQS of 24-hour average
(2.0 ug/m’) once out of 10 Umes of sampting, and lead concentration at the other’
_four stations were bclow the stfmdard : ‘ _ _ | | @

3. 4 3 Ovcmll Analysxs of Supplemcntal Monitorlng Results

Accordmg (13 thc supplcmcnlal monitoring n,sulls SPM conanlratnons are low and

' seem 10 bc not: a senous problcm in the Jabotabek arca. On’the other hand ‘TSP

~ concentrations at the thieé stations arc relatively high so that dust problem in Jakarta is
restricted to coarse particles. But they have small influence on human respiration. The
coarse pasticles have their origin in road dust, conshuction dust and so on. It thus
seems {o be necessary to koep the road and roadsulc clean and to regutate the generalion '
of dusl from construcnon actwmcs

Mercury conCenLralions" are 'high and cxcoed WHO criteria in the ‘three months.

Although the origiui of mercury is said to be incineration of dry battery, it is difficult to g
- be-considered for this case. The measureménts of mercury weré conducted at only one

station at JICA. It is necessary (o conduct the mercury measurements in wide area to

confirm, if it is general problem in JABOTABEK, and potential emission source could
- be discussed after the wide area measurement.
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Because Benzo () pyrene (BaP) concentration is almost the same degree compared
with the oncs in Bangkok and Tokyo, it secms 1o be a small problem.

.5  Evaluation of Current Air Quality

THC concentrations at all the five stations scem (o be big prbblem. However, ;THC

itself is not so harmful for human body at the concentration level and the standards are
ustally set to reduce photochemical oxidant formation. O, and O, are produced by
photochemical reactions including NO,, and hydtocérbons accelerate the reaction and
produce more O,. ' | B

Annual average of O, at Pulo Gadung and annual avéragc of O, at BMC cx‘cécd'lhc _
proposed Nationat AAQS. Hourly values of O; and O, concentrations at all of the :

 stations exceed the current and the proposed hourly standards at least one hour during a

year. However, the hourly standards were exceeded below 20 hours out of 8,760
hours for a year at the other four stations except EMC. Because O; and O, are

secondarily. produced by pholochemnical reaclion - as mentioned above, NO, and' o
: ‘Hydrocarbons shouldbercduccd {o df.,cn,ase the() andO conccntrahons

-~ Annual averages of SPM at the four slauons cxceed the annual standard of DKIJ akarla "
‘and the 24 hours standard of DKI JakarLa are excoeded: 17 days and one day at Pulo

Gadung and KPPL respectively. SPM oonccmratlon al Pulo Gadung is hrgher lhan lhc

other slations, and Pulo Gadung is located in the industrial estate. SPM is consndered, .
~ as a problem at cerlam areas; and TSP rnay be more problemauc based on: overall-
- analysis of supplememal momlormg ' '

NO, concentrattons saUSfy the annual standard. Howevcr lhc proposcd 24 hours:
standard is cxceeded 15 days and the proposed hourly standard is exceeded 18 hours at

" Thanwin. The high NO, concentration at Thamrin may be mainly caused by heavy
' traftic, and NO, concentration at curbside may be higher because the sampling hole at

Thamrin station is elevated. Adding to ‘the toxicity of NO, nsclf NO, is pnma:y

“pollutant to O, and O, and very important pollutanl lo bc controtlcd

SO, and CO concentrations’ measura,d at’ the momlormg slanons sausl‘y all of thc
standards in Indonesia, and not problem at present, ~ © ' -
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