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Abstract

Indonesia Quality Standard (QS) for ambient %8 1 hour time average i.e. 908/m’ (equivalent to 36Qg/n7in 24
hour time average) regulated in the Government Régn No. 41 of 1999 is the most loose comparethéoambient
SO, standards of other countries in the world inclgdiHO QS guideline. This QS is not expected to got@e the
protection of public health in Indonesia. Therefonere stringent QS alternative for ambient,S©®required. This
research examines benefit values in public heapeet if Indonesia tightens its ambient,S@5. Two alternative QS
for SO, are used i.e 196g/n? (equivalent to 7§ig/m’in 24 hour time average) referring to U.S. EPA @56 ug/m’
(equivalent to 36Qug/min 24 hour time average) referring to Pusat SaReragendalian Dampak Lingkungan Hidup
(PUSARPEDAL). First step is to map distribution®®, ambient concentrations in Indonesia. The resdicates that
Provinces of Jakarta and Banten have exceededaliethative QS while Provinces of Yogyakarta, Wizsta, Central
Java, East Java, Bali, and North Sumatra only ekteealternative QS of 19&/m’. From the public health aspect, by
attaining to the alternative QS of 756/m°, Jakarta and Banten will reduce incidence of A®espiratory Infections
(ARIS) by 95% and 98%. By attaining to the alteivetQS of 196ug/nt, East Java, Bali and North Sumatra will
reduce the incidence of ARIs by 59%, 51%, and 5%.

Abstrak

Analisis Nilai Manfaat dari Penerapan Baku Mutu SO, Alternatif pada Penurunan Kejadian ISPA di Indonesa.
Baku mutu (BM) S@ambien Indonesia untuk rata-rata waktu 1 jam set@@0pg/n?® (setara dengan 36@/m’® dalam
rata-rata waktu 24 jam) yang diatur di dalam PP4doTahun 1999 paling longgar dibandingkan dengan 8™
ambien negara-negara lain di dunia termasuk BM pamdVHO. BM ini diperkirakan belum menjamin perlimgjan
kesehatan masyarakat di Indonesia. Oleh karenaipglukan BM alternatif untuk SOambien yang lebih ketat.
Penelitian ini mengkaji nilai manfaat dari aspelkédgatan masyarakat jika Indonesia melakukan paageBM SQ
ambien. Dua alternatif BM untuk $®ang digunakan adalah 196/m’® (setara dengan 4&y/m° dalam rata-rata waktu
24 jam) mengacu pada U.S. EPA dan #§0n® (setara dengan 3Q@/m’ dalam rata-rata waktu 24 jam) mengacu pada
Pusat Sarana Pengendalian Dampak Lingkungan Hi@WySARPEDAL). Langkah pertama adalah memetakan
persebaran konsentrasi S&@mbien di Indonesia. Hasilnya mengindikasikan lkmlgovinsi DKI Jakarta dan Banten
telah melebihi kedua BM alternatif sedangkan PrenMiY, Jawa Barat, Jawa Tengah, Jawa Timur, Biali Sumatera
Utara hanya melebihi BM alternatif 19@/nv. Dari aspek kesehatan masyarakat, jika DKI JakkmteBanten memenuhi
BM alternatif 750ug/m® akan menurunkan kejadian ISPA 98% dan 95%. UrawaJTimur, Bali, dan Sumatera Utara,
jika memenuhi BM alternatif 196g/m® akan menurunkan kejadian ISPA masing-masing 5%, Slan 5%.

Keywords: ARI, benefit value, emissigoality standard SO,

Introduction the Indonesian National Ambient Air Quality Stardkar
(NAAQS), including parameter for Sulphur Dioxide
Government Regulation No. 41 of 1999 regarding the standards (SONAAQS). However, compared to $0
Regulation of Air Pollution is an implementation NAAQS of other countries, SCNAAQS in Indonesia
regulation related to the management of air quakiyne for short term time measurement, especially forolirh
of the issues regulated by this Government Regulas time, is very loosé. Unfortunately, the Government
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Regulation No. 41 of 1999 does not explain thedfsi
determining of the value of the Quality Standards)Q
for several parameters of air quality, including ,SO
Indonesian SONAAQS for 1 hour time measurement
is highest (900 pg/fh followed by Hong Kong (800
pg/nt). Even compared to other countries in the South
East Asia region, Indonesian SRAAQS is far higher.

In 2010, U.S. EPA revised the $@rimary Standards
for 1 hour time measurement into 75 ppb (equivalent
196 pg/m).® U.S. EPA determined that this new QS
after conducting the NAAQS Regulatory Impact
Analysis for the S@(RIA SO,) prior to that. It is stated
in the RIA SQ that in determining the SCNAAQS,
the legal responsibility of the U.S. EPA is to detme
the QS to protect human health regardless of tls¢ co
incurred in order to fulfil the QS.

Looking at the large discrepancy between Indonesian
SO, NAAQS for 1 hour time measurement and that of
other countries’ around the world and the above
explanation regarding the consideration for human
health from the U.S. EPA in determining the QSaih

be said that Indonesian $8AAQS does not guarantee
the health of its people from diseases caused by
concentration of SQin the air. Therefore, Indonesia
needs to consider tightening its SMAAQS for the 1
hour time measurement.

The purpose of this research is to: a) map ouspladial
distribution of SQ emission and ambient $O
concentration in Indonesia; b) determine a striG€y

QS which can be an alternative in Indonesia (&ttva
SO, QS); and c) analyse the benefit values should
Indonesia implement the alternative SQS from the
public welfare aspect. Analysis of the public wedfa
aspect of this research is limited to the analg$ithe
reduction of incidence of Acute Respiratory Infenti
(ARI) in Indonesia.

Methods

This research was conducted using quantitative
approach, with ex-post facto method, which is the
analysis of benefit values of tightening up the
Indonesian SONAAQS from the public welfare aspect

using secondary data from 2010.

The first step in this research was to estimate and
analyse S@emission in 2010 per province in Indonesia.
Source of emission was categorised into four ssctor
namely, power plant, industry, domestic, and
transportation. SO emission from these four sectors
was estimated based on fuel consumption. For
petroleum oil, emission E) was estimated using
Equation (1), while for solid fuel such as coal,igsion

(E9) was estimated using Equation (2) (Hamonangan,
Esrom.et al, 2002)°
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E, =Fp x2x 3, % o, (1)

E, =F,x2xS, 2)
Where o and s represent petroleum oil and solid fuel
respectively. F is fuel consumption (kl/year for
petroleum oil or tonne/year for solid fueB.is sulphur
content of the fuel (% mass) and is density of
petroleum oil (kg/l).

Estimated emission was mapped according to
population distribution based on Geographical
Information System (GIS) approach. This data was
spatially distributed into 12x12 km sized smalldgri
according to those used in U.S. EPA RIA,S@mbient
SO, value in 2010 in Indonesia was estimated based on
average ambient SQatio to emission (RCE) produced
in the RIA SQ. Gridded emissions value was then
obtained. Emission from coal-fuelled Steam-Powered
Power Plants was not included in the spatial distion
because this emission source is a large point sourc
which coordinates were known.

Given the large number of grids in all over Indoags
certain grids were randomly selected for calculfats
monitor grids in each province in Indonesia using G
software. To calculate the concentration on oneitoon
grid, a 9x9 emission grid matrix was used, whem th
monitor grid was located at the centre of the madis
seen on Figure 1.

In the U.S. EPA RIA S@ it was stated that the 9x9
matrix represents the maximum domain size allowed t
calculate the scope of near-field dispersion, wiéchy
drawing a radius of 50 km from the point of emissio
Maximum SQ concentration on the monitor grid
(CSQ)) was then calculated as follows:

CSO, =ESQ, xRCE 3)

Figure 1. Sample 9x9 Emission Grid Matrix where S@
Monitor Grid was located at the Centre of the
Matrix (Marked with Star Symbol)
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WhereESQ,; is total SQ emission from monitor grid

(tonne), which was calculated using the above nokesimal
RCE was the average of maximum ,S€ncentration
ratio for 1 hour per emission (pgitionne), which was
processed from the U.S. EPA RIA §O

The U.S. EPA allotted 10 RCE values for 10 monitor
grids which had exceeded the alternative QS of 196
pg/nt which was analysed in the RIA §Onamely
0.0044, 0.0279, 0.0420, 0.0475, 0.0124, 0.009D 720
0.0031, 0.0052, and 0.0063. From this data, it lman
seen that the distribution of RCE values was noinadb
Therefore, RCE data normality was tested to observe
the number of outliers.

Data normality testing here used a procedure expdai
by Hibbert DB and Gooding JJ (2006) in Data Anaysi
for Chemistry (page 72-77).From the result, four
outliers were obtained, namely, RCEs 0.0124, 0.0279
0.0420, and 0.0475 pgifronne. After omitting these
outliers, data distribution became linear witf R
0.959.

From the remaining normalised data, average RCieval
of 0.0059 pg/riitonne was obtained. However, after using
this value for all monitor grid in this researctet
researcher obtained a concentration value thatosasigh

for several monitor grids, with maximum value u21643
pg/nt. Therefore, and considering emission data
distribution vs RCE in the U.S. EPA RIA $§A@wo RCE
values were used for concentration estimation, hame
0.0059 pg/nitonne if total emission from one grid is less
than 100,000 tonnes and 0.0044 fgmne if total
emission exceeds 100,000 tonnes.

After emission was estimated and mapped, the riegt s
was determining alternative $@S for 1 hour time
measurement. The U.S. 1 hour QS of 196 fdérthe
ideal QS according to the 2010 U.S. EPA RIA,SO
However, this number is too strict for developiogiatries
such as Indonesia. With the current QS of 900 figime
reduction to 196 pgfnis very drastic. In 2011, the
PUSARPEDAL (Centre of Environmental Impact Control
Facility) compiled the Ambient Air Quality Standard
Analysis Report Appendix of Government Regulatian N
41 of 1999 In this report, S® QS for 1 hour time
measurement was proposed to be changed into 76¢.pg/
The QS of 750 ug/frproposed by the PUSARPEDAL and
the U.S. EPA QS of 196 pglmvere used as alternative
QS to be analysed in this research.

The next step was to collect environmental data of
incidence of ARI in Indonesia in 2010 for each pnoe
that exceeded the alternative SQS. From these data,
the SO2 QS benefit value from the public welfare
aspect, namely the decline in the incidence of ARI,
could then be estimated.

Makara J. Health Res.

There has been several research that linked SO
concentration in the air to incidence of ARI in a
particular area. Unfortunately, similar researcls hat
been found to have been conducted in Indonesia.
Research that specifically studies the correlation
between S@ and the incidence of ARI outside
Indonesia has also yet to be found. Therefore,tlneal
impact function from Schwartz et al. (in Abt Assateis
Inc., 2010§ was used in this research, as presented in
Equation (4). This research was conducted in six
American cities in 1994, involving participants kit

the age group of 7 to 14 years. It was assumedthisat
impact function could be applied to age groups.

1

- 4
(L yo) xe”5% +y, “

Al = yox(l Jx pop

WhereAl is the decline in incidence of ARI (number of
persons),y, is baseline ARI incidence rate} of
0.008618 is the SPOcoefficient for ARI incidence,
ASG, is the difference between baseline and end SO
value (in this case, the alternative QS) in 24 himae
average (ug/M. Poprepresents the affected population.

Much secondary data was collected for this research
Consumption of fuel in the domestic sector was
obtained and processed from BPS (Central Statistic
Body)? Djajadilaga, Tejalaksana, Harnowo, Gusthi, &
Sudarmantd® and Nasutiort® Consumption of fuel in
the transportation sector was obtained and prodesse
from the BPH Migas (Oil and Gas Downstream
Regulatory Body}**® Consumption of fuel in the
industry sector was obtained and processed from BPS
(Central Statistic Body}! Bosowa Corporatiof?,
Harinowo & Sarit® Indocement, Chemical Engineering
Faculty of Institut Teknologi Sepuluh Nopembgr,
Semen Gresik® and Suhermaff. Fuel consumption
from the power plant sector was obtained and psmtks
from DJLPE (Electricity and Energy Utilisation
Directorate  Generaff, PLN (State Electricity
Companyf??* PT Indonesia Powér, PT PJB?*® and
Suhermarf® Fuel specification per type was obtained
and processed from Pertamina (National Oil and Gas
Mining CompanyY."** RETScreen Internation®,and
Riauwati®®* The number of population affected by ARI
and the incidence rate were obtained and processed
from the Health Ministry of the Republic of Indoise¥’

Results and Discussion

Indonesia’s total S©Qemission in 2010 was estimated to
be 1,213,387 tonnes (Table 1). The biggest corttibu
of emission was the power plant sector with total
contribution of 60%. Oil-fuelled power plants (pEé&um
and diesel fuelled) was the biggest contributorhwit
35%, followed by coal-fuelled steam-powered power
plants with 25%.
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Table 1. Estimated SQ Emission(Tonne) per Sector per Province in Indonesia in 2010

: . , Power Plants Total
Province Domestic Transportation  Industry— o
Diesel Petroleum Coal  Emission
Aceh 3,211 2,165 173 6,187 0 0 11,735
North Sumatera 7,649 7,317 1,903 1,599 76,776 9,370 104,615
West Sumatera 4,023 2,576 11,305 1,147 161 7,586 26,797
Riau 3,183 4,840 8,934 2,716 0 0 19,673
Jambi 2,695 1,884 305 1,298 621 0 6,801
South Sumatera 4,962 3,888 2,580 1,298 2,532 9,861 25,120
Bengkulu 1,551 578 18 513 0 0 2,660
Lampung 8,386 3,555 1,935 2,897 371 8,924 26,069
Bangka Belitung Islands 624 1,384 757 2,686 0 0 5,451
Riau Islands 813 1,655 2,912 5,532 0 0 10,911
DKI Jakarta 302 8,104 1,899 174 93,265 0 103,745
West Java 19,430 13,749 98,065 3 25,096 0 156,344
Central Java 27,253 10,527 18,353 0 75,524 21,564 153,221
DI Yogyakarta 2,776 1,096 400 0 0 0 4,273
East Java 32,028 12,767 36,063 145 45,056 43,360 169,419
Banten 4,852 4,657 19,373 0 0 169,774 198,657
Bali 3,079 2,409 282 820 15,594 0 22,184
West Nusa Tenggara 5,076 1,002 9 4,195 0 6,279 16,561
East Nusa Tenggara 5177 916 9 3,531 0 0 9,632
West Kalimantan 3,726 1,812 252 6,549 666 0 13,005
Central Kalimantan 2,071 1,352 675 2,354 0 0 6,453
South Kalimantan 3,140 2,081 4,437 4,044 457 4,931 19,090
East Kalimantan 1,588 2,581 2901 8,397 0 2,175 15,032
North Sulawesi 1,933 1,119 348 3,440 0 0 6,840
Central Sulawesi 2,821 848 68 3,410 0 964 8,111
South Sulawesi 6,072 3,180 11,447 3,108 6,462 3,720 33,989
Southeast Sulawesi 2,110 649 57 2,263 0 0 5,079
Gorontalo 975 272 68 1,750 0 0 3,065
West Sulawesi 1,127 233 13 241 0 0 1,614
Maluku 1,284 613 34 3,169 0 0 5,100
North Maluku 908 243 2 2,294 0 0 3,447
West Papua 628 394 158 1,267 0 0 2,447
Papua 2,841 634 253 3,591 0 8,928 16,247
INDONESIA 168,291 101,081 223,378 80,619 342,582 297,436 ,331I3

Java Island very dominantly contributed to 65%faf t

emission. This happens because Java Island has all
become the centre of population and industry in
Indonesia. Aside from that, there were severalédarg
capacity coal-fuelled steam-powered power plants di
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not have the flue gas desulfurization (FGD) systén.

coal-fuelled steam-powered power

plants in

Indonesia, there were only three coal-fuelled steam
powered power plants known to use the FGD system,
namely, Paiton | and Il coal-fuelled steam-powered
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power plants and Tanjung Jati-B coal-fuelled steam-
powered power plant. Emission from these three-coal
fuelled steam-powered power plants were corrected
according to the efficiency of their respective FGD
emissions (94% for Paiton | and Il coal-fuelledaste
powered power plantsand 97% for Tanjung Jati-B
coal-fuelled steam-powered power plafit).

From the estimated concentration, the followingiltss
were obtained: 10 monitor grids in two provinces in
Indonesia have exceeded the prevailing QS of 900
pg/n®, 11 monitor grids which was also in the same
two provinces have exceeded the alternative Q$0f 7
pg/n?, and 65 grids from eight provinces have
exceeded the QS of 196 pd/(able 2).

Banten and Jakarta were two provinces which excdeede
all QS with maximum 1 hour S&oncentration of 1971
and 1645 pg/threspectively. To fulfil this QS, Jakarta
had to reduce its emission by 243,409 tonnes, nakmnw
Banten had to reduce its emission by 169,318 torkes
seen from Table 1, emission reduction in Jakarta wa
more than twice of the estimated emission of tleipce
itself. It means that the concentration of,30 Jakarta
was caused by emission from other provinces ardund
(Figure 2b), which are Banten and West Java presinc

To fulfil the QS of 750 pg/f Jakarta and Banten
should reduce their emission even more. Jakartdohas
reduce S@ emission by up to 277,500 tonnes while
Banten has to reduce its emission by 203,409 tonnes
Emission reduction for Banten exceeds the estimated
emission in the province itself (Table 1).

Assuming that incidence of ARI in eight provinces i
Indonesia which has exceeded the alternative astingx
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QS is only caused by $(enefit value from fulfilment

of the alternative and existing QS in 2010 in therf of
decline in ARI incidence was estimated using Equati
(4) (Table 3). Existing QS was also calculated bseat
has been exceeded by Banten Province and Jakasa. O
hour SQ QS value was converted to 24 hour average
because the impact function uses 24 hour, SO
concentration.

By fulfiling the existing QS of 900 ugfin Banten
Province could reduce the incidence of ARI by up86
whereas Jakarta, 92%. If they fulfil the alterrat9S of
750 ug/m, Banten Province and Jakarta could reduce
ARl incidence by 98% and 95% respectively. Howeifer,
they fulfil the alternative QS of 196 pginBanten and
Jakarta could reduce ARI incidence by almost 1008
could be said to be impossible or very difficultaichieve
because the difference from the existing QS isbtga>
tenfold).

Daerah Istimewa Yogyakarta (DIY), West Java, and
Central Java could reduce ARI incidence by 80%2% 8

if they could fulfil the alternative QS of 196 pginEast
Java could reduce the incidence by up to 59%, \idale

up to 51% of ARI incidence. North Sumatera coultyon
reduce ARI incidence by 5% because it only exceéuzd
QS by 6 pg/m

This research has provided the best estimates basaitl
available data. This research will provide a detion of
the benefit value if Indonesia applies an,$gB than is
stricter than the existing one (Government Reguidio.
41 of 1999). This benefit value is in the form etlihe in
the incidence of ARI.

Table 2. Monitor Grid with Highest Scores accordingto Provinces Exceeding Maximum 1 Hour S@QS of 196, 750, and 900

pg/mein 2010
Monitor Grid Alternative SQ QS for 1 hour (ng/f
Province Max 1 hour 196 750 900
Column  Row SC; (ug/m3) ASG, AE ASO, AE ASO, AE
(Tonnes) (Tonnes) (Tonnes)

Banten 103 114 1,971 1775 403,409 1,221 277,500 1071 243,409
DKI Jakarta 109 114 1,645 1449 329,318 895 203,409 745 169,318
DI Yogyakarta 143 126 690 494 112,273

West Java 123 120 676 480 109,091

Central Java 128 123 659 463 105,227

East Java 160 124 460 264 44,746

Bali 187 133 407 211 35,763

North Sumatera 46 36 212 16 2,712

Legend: AE= tonnes of S@emission to be reduced to fulfil the alternativ®; @SO,=difference between estimated maximum 1 hour SO

concentration and the alternative QS
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Figure 2. Footage of Ambient S@Distribution Map: (a) 9x9 Monitor Grid Matrix with Column 103 Row 114 as Its Centre;
(b) 9%9 Monitor Grid Matrix with Column 109 Row 114 as Its Centre

Table 3. Benefit Value from Fulfilment of Alternative & Existing SO, QS in the Form of Decline in ARI Incidence Al)

Max 24- Alternative 24-hour SOQS (ug/m)
Province P%[(J)l;la- Yo hsocu)zlb 78 300 360

(ugin?)  ASO, Al [%] ASO,  Al|%| ASO, Al |%|
Banten 11,407 0.0115 788 710 11,382 99,8 488 35198B| 428 11,119 [97]
DKI Jakarta 15,254 0.0192 658 580 15,149 |99,3] 358,543 |95] 298 14,062 |92]
DI Yogyakarta 1,710 0.0049 276 198 1,398 |82] - - - -
West Java 193,980 0.0487 271 192 155,437 |80| - - - -
Central Java 30,240 0.0110 263 185 24,050 |80| - - - -
East Java 52,774 0.0200 184 106 31,287 |59| - - - -
Bali 3,739 0.0144 163 85 1,922 |51] - - - -
North Sumatera 37,719 0.0261 85 6 1,977 |5] - - - -

a. 24-hour alternative SARS was obtained from 1 hour alternative , 3 multiplied by the conversion factor of 0.4 (UEPA, 1992)7
b. Maximum 24 hour S@was obtained from 1 hour maximum S@ncentration value multiplied by the conversiactér of 0.4 (U.S. EPA, 1993).

difference which is still possible for applicatimf a
certain QS in an area should not exceed threefold.

Conclusions

With the estimated fuel consumption and emissioallof

sectors in 2010, eight provinces in Indonesia have It is not possible for Banten and Jakarta to fulfie
exceeded the ideal alternative QS of 196 |igBeven alternative QS of 196 ughbecause the concentration
are located in the Java Island and one in Sumatera difference from the QS is tenfold. This two prowsc
Island. This shows that the distribution of SO might still be able to fulfil the 750 ugAnQS by
concentration in Indonesia is very uneven. working together and involving West Java in order t
reduce the emission. The provinces which could most
possibly fulfil the QS of 196 pgffrare East Java, Bali,
and North Sumatera.

The higher the difference between ambient, SO
concentration and the QS, the higher the benefiteva
that could be reaped. However, on the other hardsd
means the higher the emission that needs to beeddu
to fulfil said QS. Therefore, a very strict QS cahbe
applied in provinces with high concentration. The

This research has provided the best estimates eof th
benefit value of the application of alternative,Sg5 in
Indonesia. Uncertainties could be reduced by doing
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