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ABSTRACT

1
!s one of the logical consequences of the transformation process from agricultural to industrial societies, hu-
man activities contribute some pressures to our environment, especially air quality. Kalimantan Island, as the
third-largest island on Earth, expected to be the world’s lungs, transboundary massive haze problems frequently
occurred on this island, especially between 2011-2015. Since the fire forest started from the Indonesia side of this
island, reliable information about air quality in Kalimantan-Indonesia and environmental education’s urgency to-
ward this result becomes essential to explore. Air Quality Index (AQI) is measured by a passive sampling method
with SO, dan N O, as pollutants’ parameters. These two parameters are recognized as a valid measurement of air
pollutants, strongly affect human health, and are understandable by ordinary citizens, especially middle school
level students. AQI reached 94.27, which is categorized as a good-quality index. Among the provinces, the high-
est AQI was reached by East and North Kalimantan with 97.63, while South Kalimantan has the lowest with
91.41. Furthermore, the NO, parameter contributed much larger than SO, parameters in all provinces. AQI
Kalimantan tends to increase, although South Kalimantan tended to have a lower air quality index than other
provinces from year to year. This result drives comprehensive support from the education sector to build envi-
ronmental understanding. From an educational perspective, this result shows the urgency of enhancing science
education with air quality discussion. We suggest a possible enhancement in substance and its transformation
section and the Science-Environment-Technology-Society section in Science for Junior and Senior High School.
The procedure of AQI measurement and the urgency of maintaining AQI are needed to be integrated into the
science curriculum.
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INTRODUCTION (Annesi-Maesano, 2017; Rohde & Muller, 2015).
In developing countries’ situations, the air pollu-
tion issue has reached a crisis point (Haryanto &
Franklin, 2011). However, most of the research
only focused on the measurement of air pollution

(Cheewaphongphan & Garivait, 2013; Masiol et

The concept of air quality is strongly re-
lated to the discussion of the air pollution issue.
In severe condition, air quality problem was re-
ported to kill more people worldwide than AIDS,

malaria, breast cancer or tuberculosis (Rohde &
Muller, 2015; Lim et al., 2012; Yang et al., 2013).
This notion made air quality become a critical
issue in environmental problems in the world

*Correspondence Address
E-mail: subagivo@fkip. unmul.ac.id

al., 2014; Monteiro et al., 2017; Rohde & Muller,
2015) but rarely aligned the result with the pos-
sible support from educational sectors.

The problem of air quality is transbounda-
ry, especially on an island that is shared Einong
several countries, such as Kalimantan. As the
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third-largest island on Earth expected to be the
lungs of the world, transboundary massive haze
problems frequently occurred on Kalimantan
Island, especially between 2011 - 2015. The dis-
cussion about air quality will be related to the
climate change issue. In Indonesia, the climate
change issue receiving much attention since this
country being the world’s third-largest emitter
of greenhouse gases (Measey, 2010). The impli-
cations of climate change are massively affected
by how people manage their life because it can
cause several problems that come along with cor-
responding social and economic crises, including
increased risks of drought, flooding, landslides,
fires, and disease (Mimura, 2013). Since Kali-
mantan is one of the world’s lungs because of
its largest forest area, the problems in this area
will affect the country and widely in the world.
In 2015, the Indonesia government was conside-
red slow to tackle this issue, and this problem was
widespread to its neighbor, such as Malaysia and
Singapore (Soh & Peh, 2016). In this duration of
time, Kalimantan island became one of the cru-
cial factors of the southeast Asia haze problem
(Ewing & McRae, 2012; Lee et al., 2016; Purno-
mo et al., 2018; Sunchindah, 2015). Therefore,
the period from 2011 to 2015 became a critical
period to explore more detail.

Exploring the relationship between air pol-
lution with school-age students has been discus-
sed in several studies. From the epidemiological
perspective, air pollution has significant impacts
on mortality and cardiovascular and respiratory
diseases (Quarmby et al., 2019). Exposing stu-
dents with polluted air has been proven to bring
a serious problem on their health and academic
performance in the U.S. and Chile (Miller & Vela,
2013; Mohati et al., 2011). Because the mining
areas are spread all over the island of Kaliman-
tan, many schools are located near this area. Our
preliminary observation in SMP (Junior High
School) 33 Samarinda, East Kalimantan and
SDN (Elementary School) Lamida Atas, Banjar-
masin, West Kalimantan showed that the mining
area too close to the education facilities. This si-
tuation is dangerous for the children because they
exhale low quality of air for years. Therefore,
preparing young citizens of Kalimantan Island to
understand the dynamics of air quality is neces-
sary.

In line with the urgency of maintaining
air quality, support from society is essential. This
awareness needs to be built since childhood, and
formal education plays a crucial role. Effective
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environmental education represents more than
a unidirectional transfer of information but also
undertake positive environmental attitude and ac-
tion (Ardoin et al., 2020; Erhabor & Don, 2016).
This issue in Indonesia is identified as a crucial
challenge within the country and globally (Parker
& Prabawa-Sear, 2019; Yustina et al., 2020). Ho-
wever, environmental education is not considered
a priority yet in Indonesia educational system.
Until now, the environmental education curricu-
lum still cannot be found explicitly in the body
of the formal education curriculum (Prihanto-
ro, 2015; Ruka et al., 2018). In well-developed
countries like the USA or Japan (Fasolya, 2016;
Kodama, 2017), environmental education is re-
markably arranged both in formal and informal
education sectors. In Indonesia, this issue be-
comes part of science education. Therefore the
urgency of this issue tends to be neglected.

On the other hand, integrating real en-
vironmental problems recognized as one of the
keys to the successful science learning process
(Afriana et al., 2016; Cahyaningsih & Roekti-
ningroem, 2018; Marshall & Harron, 2018; Ril-
lero et al., 2018). Therefore, we urge that the con-
nection of the air quality index in Indonesia with
the environmental education part is beneficial to
bridge the condition. However, a few studies have
been done before to deeply explore in which part
of the science education curriculum, the issue of
environment could be integrated. Therefore, our
research aims to measure the air quality index
(from 2011 to 2015) through understandable and
valid measurements on some locations on Kali-
mantan and align the procedure and result with
possible integration in Indonesia’s science curri-
culum.

METHODS

Figure 1 shows the research methodology
of this research. This research used a mixed-
method between quantitative and qualitative
methods. The measurement of air quality index
(AQI) and its trend parts was analyzed by the
quantitative method, and the environmental edu-
cation parts were analyzed by the document anal-
ysis of the qualitative method. Numerical data in
this article were secondary data that were gathe-
red mainly from the Center of Data and Informa-
tion Ministry of Health Republic of Indonesia in
cooperation with The Centre of Ecoregion De-
velopment Control (P3E) Kalimantan Ecoregion
in 2015, Within 2016 — 2017, the tabulation and
analysis were conducted.
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Figure 1. Research Methodology

SO, and NO, chosen as the parameter in
this research because both of these parameters
are the most monitored pollutants in ambient
air and of their effects on the human respiratory
system, their contributions to the acidification of
the ecosystems and their roles in the formation of
photochemical oxidants (Ghozikali et al., 2015;
Kim et al., 2013; Masiol et al., 2014). Therefore,
these parameters are essential.

The quality of the environment at the na-
tional level in Indonesia, as measured by the En-
vironmental Quality Index (EQI) (Purnamadewi
et al., 2019). The air factor is one of the crucial
aspects of environmental quality and contributes
to 30 % of province EQL. The data was measu-
red by the passive sampler method. This method
was chosen because it is manageable, low-cost,
no input energy requirement, and a useful tool in
detecting atmospheric metals, such as CO (Khu-

Documents review

Comparative method

Grouping and potential categories

riganova et al., 2019; McGrath & Scanaill, 2013;
Salim & Gorecki, 2019). This method is based
on the principle of pollutant passive diffusion
through an air layer to an absorbing medium.
This research was conducted all over Kalimantan
island consisting of 5 provinces. From the five
provinces, the provinces were only grouped into
four, which are West Kalimantan Province, Cent-
ral Kalimantan, South Kalimantan, and East Ka-
limantan, along with North Kalimantan, whereas
represented by 25 towns as sample points. East
Kalimantan and North Kalimantan provinces
were combined into one analytical group becau-
se the area of North Kalimantan has been once
part of the East Kalimantan region. Each town/
district measurements were conducted in four
location categories representing industrial, tran-
sportation, office, and residential sources. One
sample was collected for each category ineach lo-
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cation. All the formulas followed the adaptation
from Indonesia government through the Ministry
of Environment and Forestry (MNLKH, 2018)
The following equation calculated the
mean values of SO2 or NO2 in a sampling lo-
cation: L@ ta+a,
n

For additional information, « is the mean
value of SO, or NO, concentration (ug/Nm”)in
a sampling location. This formula is applied to
all other sampling locations (e.g., a, 4 ¢ and d,
are the mean values of SO, or NO, at 1, 2, 3, and
4 sampling locations). The air quality indexes
calculation was done by comparing the annual
mean values to the European Union (EU) stan-
dard. The EU standards are overpassed by one or
both pollutants if the index is > 1. Otherwise, the
air quality meets the standards if the index is < 1.
The air index EU model (I ) was calculated by
using 20 pg/Nm* and 40 pg/Nm? are the quality
standards (target values) of SO, and NO, respec-
tively. More than these limits are recognized as

harmful to humans.
(%) + (%)

2

The I, value was then converted into the AQI
using the following equation:

loy =

_ 50
AQI =100 — ( &5 X (Iy = 0.1)

The calculated AQI is based on the as-
sumption that air quality data are pollutant con-
centration data. Hence it needs to be converted
into air quality concentration by subtracting 100
percent by the pollutant concentration data. The
index value that describes the air quality of a re-
gion is the maximum value of the index of all
parameters at all monitoring locations in the regi-
on (EEA, 2018). The EQI criteria with the scale
range of 0-100 were used for the categorization of
the air quality based on calculated AQI. The EQL
criteria are shown in Table 1.

Table 1. Environmental Quality Index (EQI) Cri-
teria for the Air Quality Categorization

Index EQI criteria
x=90 Superior
82 <x=90 Very Good
T4 <x<82 Good

66<x=< 74 Fair

58 <x<66 Poor

S0=x<38 Very oor
x<50 Warning
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Considering the area of Kalimantan island
in Indonesia (around 550 thousand km?), it is our
biggest challenge to collect the air quality data
from a sufficient area of sampling. From 4 pro-
vinces, 25 places were chosen as the samples by
considering four categories (industrial, transpor-
tation, office, and residential area). The forest
area is neglected due to the minimum transpor-
tation infrastructure to reach that area. Another
limitation of a wide area of sampling was the li-
mitation of air pollutants that could be measured.
From various air pollutants that were recognized,
we meas{kd only SO, and NO,. These two pa-
rameters are recognized as a valid measurement
of air pollutants, strongly effect on human healf}
and have a high possibility to be understood by
ordinary citizens, especially middle school level
students.

For the qualitative data, the AQI result,
former research about environmental education
such as the general definition and its urgency (Ar-
doin et al., 2020; Jorgenson et al., 2019; Parikesit
& Withaningsih, 2018) and research in specific
topics in environmental education (McGrath &
Scanaill, 2013; Ruka et al., 2018; Suryawati et
al., 2020) and also Indonesia science curriculum
for junior and senior high school, were analyzed.
Firstly, these documents were selected and labe-
led to identify meaningful and relevant parts of
the documents (Suri, 2020). Then the documents
identified through the first process were justified
as the urgency of environmental education in Ka-
limantan. Moreover, analysis of the science curri-
culum in Indonesia was carried out to outline the
potential topics that possibly strengthen environ-
mental education in Kalimantan, especially in air
quality issues. The relationship degree is based
on the curriculum compatibility with AQI, which
ranges from 1 to 5 (1 for address weekly and 5 for
address enormously). Two science education de-
partment lectures and two science teachers were
involved in a group discussion to rate the compa-
tibility.

RESULTS AND DISCUSSION

In this section, the quantitative results
were presented and followed by the qualitative
results. For the quantitative data, the result of
AQI measurements is presented based on several
divisions that facilitated a deeper understanding
of its trend. First, the general result of AQI in
Kalimantan is performed, and the details of each
province's situation were provided. In the context
of our study, the AQI was monitored by two pa-
rameters. Therefore, the result of NO, and SO,
levels are discussed for each province.
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Moreover, the details of AQI for all samp-
ling districts were presented. Elaboration of our
result with the earlier results was discussed to un-
derstand the more significant trend. As a conti-
nuation of the quantitative result, the qualitative
data were explicitly discussed to explore the pos-
sible integration of those result in environmen-
tal education. The exploration was conducted
through the rationale from the geographical and
human behavioral perspectives then elaborate on
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the earlier results to the possible integration in the
science curriculum.

General Result of the Air Quality Index in
Kalimantan

The AQI Kalimantan in 2015 reached
94.27, which is categorized as a superior quality
index. This number is an average of AQ! in each
province in Kalimantan. The values of AQI ob-
tained are shown in Figure 2.

I Air Quality Index

Adr Quality Index

o7 53

Wast Cantral

Walimantan Ialmantan

Province

Figure 2. Air quality Index each Province in Kalimantan

AQI values in the figure were derived from
the average value of the air quality index from
EBveral sample points located in each province.
Among the provinces, the highest AQI reached
by East and North Kalimantan with 97.63 whi-
le South Kalimantan had the lowest AQI with
91.41. The results in the tropical area tend to be
more consistent due to the climate stability com-
pared to subtropical such as China and Iran area
that showed the effect of season on their AQI re-
sult (Heidarinejad et al., 2018; Ikram et al., 2015;
Xu et al., 2019) the spatiotemporal patterns of
AQI in North China were investigated, then the
influence of meteorological and socio-economic

factors on AQI was discussed by statistical ana-
lysis and ESDA-GWR (exploratory spatial data
analysis-geographically weighted regression.
Therefore, our result in Kalimantan was consis-
tent throughout the season fluctuation.

Moreover, the NO, parameter contributed
much larger than SO, parameters in all provinces
in Kalimantan (Figure 3). The highest concentra-
tion value was measured in the South Kaliman-
tan province, with 5.13 pg/Nm’ of SO, and 10.1
pg/Nm® of NO,. The maximum level for SO, is
20 pg/Nm® and NO, is 40 pg/Nm* (EEA, 2018;
Purnamadewi et al., 2019). More than these li-
mits are recognized as harmful to humans.

Concentration {pg/Nm?)

West Central
Kalimantan Kalimantan

South

East and North
Kalimantan 4

Province

-0,
o,

Figure 3. Comparison of SO, and NO, Concentrations per Province
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The contribution of the location categories
to the pollutants’ concentration is shown in Fi-
gure 4. Residential was the category that most
contributed to the SO, concentration in West and
Central Kalimantan, while transportation and
office areas were the most contributors of SO,
concentration in South and East/North Kali-
mantan, respectively. The transportation area was
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the highest contributor for NO, concentration for
all provinces, except East and North Kalimantan.
In general, transportation sectors gave the most
influence on the emission, especially South Kali-
mantan. Rapid urbanization in Kalimantan gene-
rates deterioration in the quality of the environ-
ment (Subagiyo et al., 2019; Forina et al., 2018).

MO,

Confributicn

B . .

Wt K manian Cantra Soun Ka
Ralemarrian
Province.
[ Residential

Ciffice

[ incustrial
I Transportation

tary East ana Norin
Walrrrsnn

S KA St deed Mo
bt

Frovinca

Figure 4. Contribution of Location Categories to the Concentration of SO, and NO,

The high number of motor vehicles that
dispose of burning emissions into the air drama-
tically influences the high value of SO, and NO,
parameters (Kobza & Geremek, 2017; Krotkov
et al., 2016)it is necessary to control the levels
of air pollution near road exposure. The prima-
ry air pollutants emitted by motor vehicles are
CO, NO(2. Fuel oil dominates the use of ener-
gy for the transportation sector. The growth of
motorcycle number brings adverse effects to en-
vironmental conditions such as road congestion,
emission to the air, ambient air quality improve-
ment. In 2014, South Kalimantan had approxi-
mately 2.143.380 units of vehicles compare with
East and North Kalimantan with 2.490.341 units
(Effendi et al., 2015). Since South Kalimantan is
smaller in area, so the density of vehicles is more
significant than in East and North Kalimantan.
Fuel consumption increases according to the
number of vehicles that increased annually.

Along with the increase in vehicles and
fuel consumption, the amount of NO, and CO,
emissions generated also increased. Consequent-
ly, the contribution of the transportation sector to
the NO, pollution wash high (Figure 4). Another
factor that strongly influences AQI in Kaliman-
tan ecoregion was the forest fire problem. In par-
ticular tropical Asia, several studies have revea-
led significant biomass burning emissions from
deforestation, slash and burn grassland (Engling
et al., 2014), agricultural residue burning (Chee-
waphongphan & Garivait, 2013; Vadrevu et al,,
2012; Vadrevu & Justice, 2011), forest and land
fire for palm plantations and peatland burning
(Purnomo et al., 2018). Indonesia’s government
is still trying to reduce this problem.

In 2015, Indonesia experienced one of its
most destructive fire seasons. Haze sources were
mainly forest and peat fires associated with ag-
gressive human activities with a very high defores-
tation rate of nearly 2% per year (ca.15,000 km?*/
year) (Alisjahbana & Busch, 2017; Hayasaka et
al., 2014). South Kalimantan lost 1,714.89 ha of
forest area due to forest fires (Endrawati, 2016).
The total area of South Kalimantan was 38,744
ha, so that about 4.5% of this area was burned
(Kennedy, 2018). Compared to the province of
West Kalimantan with an area of 147,307 ha, fo-
rest fires covering an area of 3,191.98 ha, it can be
concluded that West Kalimantan lost only 2.1%
of the forest area. The loss of 4.5% of the forest
area contributed to the low value of AQI South
Kalimantan among other provinces in Kaliman-
tan. This situation had a significant impact on the
air quality of South Kalimantan province, which
has the lowest quality among the four provinces
in the Kalimantan ecoregion.

The variations of AQI in 25 districts/
towns taken as sampling in this study can be seen
in Figure 5. In contrast with the result that revea-
led South Kalimantan had the lowest AQI, the
highest AQI was reached by a district in this pro-
vince, which is Tanah Bumbu (99.92). This fact
reveals that the situation in South Kalimantan
province was quite heterogeneous because the
highest and the lowest AQI were found in this
province. The location that had the lowest AQI
was reached by the Banjar district, with only
82.08 but still categorized as very good quality.

Kalimantan population growth automa-
tically increases the need for food and energy
factors. Based on data sourced from the Central
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Bureau of Statistics 2015, the population of Ka-
limantan is around 12 million people, and this
number continued to increase significantly from
the population in the previous year (Putri, 2019;
Effendi et al., 2015). Consequently, the efforts to
meet people’s needs lead to the exploitation of
natural resources such as forests, minerals, and
natural gas oil. Among the province, South Ka-
limantan 1s the most populated area. In compa-

Bulungan §
Balikpapan 63
Bariio Timur Wi
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rison with East Kalimantan, the population in
the West area is four times bigger in 2015 (Putri,
2019; Effendi et al., 2015). This process caused
natural resources reduction and environmental
degradation. A further consequence of degrada-
tion was the decline in the ability of the environ-
ment to provide healthy air for Kalimantan citi-
zens, especially in the West area.

[ Ceniral Kalimantan

Tanah Bumbu

South Kalimantan
East and North Kalimantan
= West Kalimantan

Huby Sungai TengshBarabai

Balangan

Kab. Tapin Kota Rantau

Banjaroary

Tabalong

Kab. Banjar

Tanah Laut

Hulu Sungai Litara
Senuyan
Pulang Pisau

Location

Katingan

Kata Waringin Barat
Palangkaraya
Barito Salatan
Barito Timur
Kapuas

Sanggau

Sambas

Partianak

Pontianak BLH

Ketapang

T T
0 20 40

Air Quality Index

South Kalimantan
East and North Kalimanan
West Kalimantan

Bl ool Kalimantan

T T T
60 80 100

Figure 5. Air Quality Index Each Sampling Location

From the data in Figure 5, it can be obser-
ved that the district of Banjar in South Kaliman-
tan province had the lowest air quality from all
monitoring points. The air quality index in Banjar
district was 82.08. This index was possibly the re-
sult of the smog triggered by land and forest fires
that covering almost the entire province (Hadi,
2016; Tacconi, 2016; Arini et al., 2020). Based on
the observation in this area, low air quality was
almost evenly distributed throughout Banjar Re-
gency because smoke haze enveloped the entire
area unhindered by space. The naked eye could
see even the poor quality of air because almost
every day shrouded in haze, especially early mor-
ning until late afternoon.

Air Quality of the Kalimantan Ecoregion

Air quality is one of the environmental
quality index indicators. In general, AQI in Ka-
limantan Ecoregion was categorized as superior
quality in 2015 and cannot be separated from

the existence of forests in this Ecoregion. If we
compare AQI in the Kalimantan ecoregion wit-
hin the last five years, the trend fluctuated from
2011 to 2014, and increased significantly in 2015,
as shown in Figure 6. All provinces within the
Kalimantan ecoregion experienced an increase
in the trend of AQIL However, it increased most
significantly in the province of East Kalimantan.
This result is related to the exploitation activity
of coal mining associated with the provincial
government'’s policy on mining exploitation per-
mits and reclamation efforts. In 2015, East Kali-
mantan closed the operations of 10 coal mining
companies that abandoned mining pits without
any reclamation efforts, thus threatening the li-
ves of the people. Another effort supporting the
upward trend in AQI was revegetation in some
areas of the Kalimantan ecoregion that has be-
gun to succeed. Besides, the initiation of some
places industrial forest plantations has been quite
successful.




N. FE Sulaeman, A. Nuryadin, R. Widyastuti, L. Subagiyo / JPII 9(3) (2020) 371-383

Air Quality Index
8

85 -

/

75 T T
2011 2012

—io— East and North Kalimantan
—o—West Kalimantan

="~ South Kalimantan
—=—Central Kalimantan

T T T
2013 2014 2015

Year

Figure 6. Trend of Air Quality Index in Kalimantan Ecoregion (2011-2015)

In contrast with the situffion in East Kali-
mantan, Figure 6 informs that South Kalimantan
Province tended to have a lower air quality index
than other provinces every year and had the lo-
west AQI around below 80 in 2012. However, ef-
forts to maintain air quality showed a significant
increase until 2015. Although compared to other
provinces in Kalimantan ecoregion, the province
of South limantan was still the province with
the lowest air quality index.

The Urgency of Environmental Education in
Kalimantan

From our result in Figure 4, residential
and transportation categories became the most
significant contributors to air pollutants. These
factors emphasize the importance of increasing
citizen understanding and environmental awa-
reness, mostly related to air quality. As an im-
portant starting point, we argue that the science
lesson in the formal education level suitable to
bridge this issue. In this section, we discuss the
urgency of environmental education in Kaliman-
tan from several rationales, which are geographi-
cal rationale, human behavior rationale, and the
possible integration in the science curriculum.

Geographical Rationale

According to the United Nations Office for
Disaster Risk Reduction (UNISDR), Indonesia is
one of the most disaster-prone countries becau-
se of its geographical location (Stanton-Geddes
& Vun, 2019). This country is one of the most
vulnerable countries to forest fire, earthquakes,
tsunami, floods, volcanoes, droughts, and other
kinds of disasters. As an archipelago country,
challenges also appear from transportation issues

among the islands. Moreover, a massive populati-
on of Indonesia makes a higher challenge for the
education sector.

In Kalimantan's case, besides the geo-
graphical factors, the high rate of forest fire makes
environmental education in this area massively
important. The urge for environmental education
becomes an inseparable part of the quality of the
environment. In many cases, the root of the en-
vironmental problem is related to social and cul-
tural issues because most people have economic
needs related to natural sources (Teksoz, 2011).
In Kalimantan's situation, oil and coal have be-
come significant economic support for many
people. Therefore, the impact in the environment
has to arrange hand in hand with this need. Intro-
duction to the non-renewable energy source and
alternative energy source needs to be explored.

In the beginning, before educationbecomes
somehow standardized, education is strongly re-
lated to the way people understand their closest
environmental situation. Nowadays, this notion
is well known for place-based education (Surface,
2016). This relation is influential for bridging the
real-life condition with the learning process, espe-
cially at school (Rillero et al., 2018). Therefore,
the geographical rationale has a positive contri-
bution to the future lives of students. This idea
is also in line with the worldwide education mo-
vement called Science-Technology-Engineering-
Mathematics (STEM) education (Jang, 2016;
Roberts, 2013) that emphasizes the importance
of real-life problems (Marshall & Harron, 2018)
that enhance students interest in learning (Kraj-
cik & Delen, 2017). From the result of AQI, the
situation in South Kalimantan seems the most
vulnerable area. Environmental education in this
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area needs serious attention from the society that
could be built through education sector.

Human Behavioral Rationale

In the beginning, environmental problems
were often seen as scientific problems like we
discussed earlier that geographical factor makes
Indonesia dealing with disaster. Moreover, even
the scientists themselves were arguing that scien-
ce and technology were not enough. Human be-
havior becomes one of the crucial keys when the
discussion about the environment arises. One of
the powerful tools to maintain the environment
is through education (Karatas & Karatas, 2016).
Sufficient knowledge about natural disasters and
disaster management should be taught in Physics
and Geography subjects at schools (Ansori et al.,
2013). Environmental education can be built by
formal and informal education sectors (Furihata
& Ninomiya-Lim, 2017). Through formal edu-
cation, the discussion about air quality needs to
be emphasized in every education level. A com-
prehensive discussion about air could be built in
science learning. For the Kalimantan case, the
discussion about SO, and the source of it needs
to be studied. The reason is this pollutant gave
the most significant impact on the air quality in
this island. In the West Kalimantan case, the dis-
cussion about their air quality that always tends
to be the lowest in the island needs to be done in
science and social lesson. The results of this rese-

[ahe A Kalimantan

/
PN
TN

‘®Scuth Kalimantan
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arch about trend of AQI (Figure 6) can be used as
discussion material. Then depending on the level
of education, students could give their opinion
and possible solution to this issue.

Possible Integration in Science Lesson

Since environmental education related to
air quality is urgent, the discussion about the po-
tential topic in the Indonesia science curriculum
is needed. The aim of environmental education is
maintaining equilibrium between quality of life
and the environment and the need to maintain
sustainable relations (Keles, 2012; Justice, 2019).
Moreover, contextual teaching and learning could
develop critical thinking (Tari & Rosana, 2019)
and learning outcome (Lotulung et al., 2018). For
the students in Kalimantan ecoregion, they will
deal with many decisions in their life that relate
to this issue. In the Kalimantan context, a typi-
cal example is the land clearing in forest areas by
burning the trees. The students live with this issue
as part of their daily life.

Based on the AQI result, we emphasized
three significant issues about the pollutant, the
trend of AQI, and the low AQI in South Kali-
mantan. Junior and Senior High School levels
were chosen by considering the complexity of
the air quality concept. On the other side, from
the curriculum review, six topics are identified as
significant standards for science education at the
high school level (Figure 7).

QU Science Curriculum
Standard for High School

Scientific and safety work

Organism and its living system

‘{ Energy and its transformation

IR

Vo
".I \.\{ Substance and its transformation ]
\

\ { Earth and space
\

11 Science-Environment-Technelogy-Society

Figure 7. Relation between AQI Result with Science Curriculum

The rate of compatibility analyzed the
AQI result and the topics in the science curricu-
lum. From the document analysis, we addressed
EBongly two main topics related, which were
substance and its transformation, and Science-

Environment-Technology-Society ~ meanwhile,
the other topic could provide secondary support
(Table 2). The precise development of learning
material in these topics becomes potential rese-
arch in the future.




380

Table 2. Potential Topic in the Science Curriculum
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Ad- Potential part
No Topic dressed — —
Strongly Junior high school Senior high school
1 Scientific and safety 1 Introduction to basic Logical thinking about air
work measurements tools quality
2 Organism and its living 3 Effect of air quality on Importance of air quality for
system plants and aquatic or- the organism
ganisms Effect of air quality on mol-
ecules, cells, tissues, organs,
and many more.
3 Energy and its transfor- 3 Energy source and eco- Energy sources and eco-
mation friendly source of en- friendly digital technology
ergy Thermodynamics law
4 Substance and its trans- 5 Introduction of SO, and Composition, structure, and
formation NO elements properties of SO, and NO
Physical and chemical SO, and NO reactions with
changes involving SO, other substances/ compounds
and NO The formation of acid rain
due to the influence of SO2
5  Earth and space 4 Introduction about the Hydrology cycle
weather and human ac- Earth as a system
tivities that affect it Forest fire  phenomenon
around Kalimantan
6 Science-Environment- 5 Global warming in Kali- Global warming and its impli-

Technology-Society

mantan area

cation to Kalimantan island

CONCLUSION

The results showed that the AQI of Kali-
mantan in 2015 reached 94.27, which was cate-
gorized as superior quality. Among the provinces,
East North Kalimantan reached the highest
AQI with 97.63, while South Kalimantan had
the lowest AQI with 91.41. Furthermore, the
NO, parameter contributed mudflarger than SO,
parameters. During 2011-2015, AQI Kalimantan
tended to increase, although South Kalimantan
tended to have a lower air quality index than
other provinces every year. This condition was
mainly caused by the residential, transportation
sector and forest fire. As the impact of this result,
as general Kalimantan ecoregion needs to main-
tain the positive trend of AQI and specifically for
South Kalimantan, that needs serious approaches
to deal with low AQIL.

From the quantitative result, the most
significant contributors for air pollutants are re-
sidential and transportation categories, which
signify the education about good management
of settlements and transportations are necessary
for maintaining air quality. Moreover, the positive

overall trend and the situation in South Kaliman-
tan show the urgency of building an understan-
ding from Kalimantan citizens about air quality.
From our analysis to the science curriculum for
Junior and Senior High School levels, discussion
about air quality coffl be enhanced in two major
sections, which are substance and its transforma-
tion section and Sciencfnnvironment-chhno-
logy-Society section. The procedure of AQI me-
asurement and the urgency of maintaining AQI
are needed to be integrated into the science cur-
riculum.
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