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Abstract— Citarum River is one of the most important rivers in Indonesia. Around 16 million people interrelate with this river, covers
12,000 Km?2 of the watershed, supplies water for irrigation of 420,000 hectares of rice fields, provides 80% of water need for the city of
Jakarta- the capital of Indonesia. Unfortunately, Citarum was also known as one of the most polluted rivers in the world. Although
there is much attention to this river nowadays, there is still no analysis to determine the latent contributing factors of water quality
cluster distribution. This study aims to provide spatial water quality on the Citarum River Bandung Regency. This study can help the
government decide on how to manage the water quality of Citarum and all socio-cultural factors involved in polluting the river. Open
Data can also use the data and result for further research. Assessment of Citarum water quality is done through the application of
multivariate statistical approaches. The data set comprises one-month observation data from 75 stations positioned in Citarum
Bandung Regency and its tributaries. Factor Analysis with PCA as the extraction method gives two factors while CA showed three
clusters suggesting the different physicochemical characteristics and pollution levels of the Citarum water systems. BOD, COD and
DO, together with total P and Fecal Coliform are identified as two underlying factors on water quality in Citarum and its tributaries
in Bandung Regency. Descriptive Statistic values confirm the quality of Citarum Bandung Regency low water quality.
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The government of Indonesia divides Citarum

L. INTRODUCTION management problem into three sections: headwaters, middle

Rivers are essential sources of water used for human and lower sections. On headwaters, the river faces
consumption. Citarum is the longest river in West Java, deforestation and farming, among others, and gives way to the
Indonesia. Start from Lake Cisanti Gunung Wayang, flows as erosion of 31.4% and sedimentation of 7900 tons/hectare. The
far as 269 Km to the Java Sea. Citarum’s watershed covers an estimated subsidence of groundwater-surface is as high as 5
area as large as 12000 Km2 [1]. Around 16 million people meters/year from unmanaged exploitation of groundwater.
interact with Citarum and create typical anthropogenic The water quality of Citarum is ruined because of several
activities, including contaminants burden from industrial, factors. Around 400 tons per day of cow’s manure is dumped
domestic sewage, agricultural effluents, and farming. Citarum into the river. Industrial sewage contributes to its deterioration
is also the primary source of irrigation for 420,000 hectares of by producing around 280 tons per day in Bandung Regency
rice fields in Karawang and Subang. This river also provides only. One popular method among factories to dispose of
eighty percent of Jakarta’s water needs. Citarum is also wastewater without treatment is through “stealth pipes." The
responsible for around 2500 Megawatt electricity used by public is aware of these pipes by observing that water is
Java and Bali [2]. Three large reservoirs are hosted by the becoming red or unnatural and has a chemical odor. In various
Citarum, Saguling 1985, Cirata 1988 and Jatiluhur 1967 [3], sectors of Citarum, which is now overseen by the military,
Jatiluhur provides 187.5 MW, Saguling 1.400 MW and Cirata closures of these pipes are made using cement. This case was
1.008 MW of hydroelectric power [1]. forced to do because the responsible factories acted as if they

did not know. In time, these closed pipes will cause water to
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burst at its source, and they are forced to admit and begin to
fix their wastewater system [4], [5]. These point sources of
wastewater can be up to more than 1-2 km away from the
source plants.

Of around 2000 manufacturers that use Citarum as their
final sewage disposal, only 20% equipped with industrial
water treatment. Existing regulations and laws governing
hazardous waste are relatively weak in enforcement [6].

In addition to factory waste, Citarum must also bear
household waste. Along the Citarum river, there are still many
residents who do not have adequate sanitation facilities.
Consequently, household waste is dumped directly into the
Citarum river or its tributaries. The unavailability of proper
sanitation is closely related to economic conditions and land
availability. This issue is compounded by the lack of
knowledge and awareness about the environment. In 2017,
around 1,500 tons of sewage was dumped to Citarum [7].
Unfortunately, this condition is still ongoing [8].

Farms around Citarum also contribute to damage to the
water quality of Citarum and its tributaries. A typical example
is from West Bandung Regency. Currently, in nine villages in
Lembang District, there is 22,400 head of cattle. Citarum
receives around 224 tons of cow dung per day for the
Lembang area alone, assuming one cattle produce 10 kg/day
[9]. To overcome this situation government has started to
build a composter and biodigester installation pilot.

In the middle section, sedimentation in Saguling Reservoir
is as high as 8.2 million m3 per year, Cirata 6.4 million m3
per year, and Jatiluhur 1.6 m3 per year. Water Quality

evaluation data on the three reservoir shows that Saguling and
Cirata suffer from complete deoxygenated 5 m from the
surface although Jatiluhur remains oxygenated to the bottom
[3]. Today, in its “Citarum Harum” initiative, Indonesia's
government tries hard to clean and better manage Citarum and
clean the river effectively in seven years starting from 2018.
Before “Citarum Harum” program, several programs have
been launched to restore the quality of Citarum river both
from the government and other NGOs. “Citarum Bergetar
(2001)”, “Cita Citarum (2010)”, “Citarum Bestari (2013)” are
examples of many programs launched by the government with
varying results [9].

The multivariate statistical approach is becoming prevalent
for analyzing and understanding water quality because of their
ability to give perspective on the large volume of data from
many monitoring stations [ 10]-[18]. This study applies Factor
Analysis (FA) with PCA (Principal Component Analysis) as
the extraction method. Cluster Analysis is also prepared to
identify the water quality pattern or its pollution status in
Bandung Citarum Bandung Regency.

The contributions of this paper are:

o Provide spatial water quality observation of Citarum
watershed Bandung Regency using multivariate
statistical analysis.

o Provide potential contributing latent factors of water
quality degradation of Citarum watershed Bandung
Regency

e Provide water qualities spatial similarities based on
cluster analysis
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Fig 1. Observation points on Citarum watershed Bandung Regency
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TABLEI

OBSERVATION COORDINATES

Pos Name Coordinate Pos Name Coordinate
1 DANAUCISANTI 7°1228.5"S 107°39'34.0"E 39 S CISANGKUYHilirsbimCITARUM 06°5923.9"S
2 S PAJATENsekitacisanti 07°10'37.2"S 107°41'44 4"E 40 S CISANGKUYHULUSUKAMENA 07°1120.5"S
3 S CIRAWA 07°10'47.2"S 107°41'41.7"E 41 S CISANGKUYsetelahCILEUNCA 07°10'49.3"S
4 S CILEBAK 07°06'02.0"S 107°43'41.9"E 42 S CISANGKUYCIMAUNG 07°06'33.1"S
5 S CIBURIAL 07°07'34.5"S 107°42'13.3"E 43 S CISANGKUYsetelahCITALUGTU  07°0121.6"S
6 S CIKAWAO 07°06'01.3"S 107°44'19.7"E 44 S CISANGKUYHULUKAMASAN 07°02'47.1"S
7 S CISANGKANHILIR 07°04'19.0"S 107°45'51.0"E 45 S _CITIIS 07°11'01.2"S
8 S CIKARO 07°06'17.5"S 107°45'56.1"E 46 S CISARUAPangalengan 07°10'58.6"S
9 S CIBANGOAK 07°07'38.8"S 107°42'06.1"E 47 S CINYIRUAN 07°10'03.5"S
10 S CIRASEAHULU 07°03'38.0"S 107°4221.9"E 48 S CIKALONG 07°06'42.7"S
11 S CIRASEAHILIR 07°01'27.5"S 107°43'50.4"E 49 S CIGEUREUH 06°05'53.8"S
12 S CIKACEMBANGHULU 07°04'13.5"S 107°44'30.0"E 50 S CITALIKTIK 07°03'05.7"S
13 S CIKACEMBANGHILIR 07°02'45.4"S 107°4423.4"E 51 S CIBATUR 07°01'56.4"S
14 S CIPADAULUNHULU 07°0327.85"S 107°43'S0.4"E 52 S CITALUGTUGHULU 07°02'37.4"S
15 S CIPADAULUNCIKACEMBAN 07°0247.6"S 107°44'18.7"E 53 S CITALUGTUGHILIR AdetexPapyr 07°01'41.9"S
16 S CIPADAULUNHILIR 07°01'49.7"S 107°43'58.1"E 54 S CIHERANGHULU 07°02'36.7"S
17 S CIWALENGKE 07°01'27.5"S 107°43'50.4"E 55 S CIHERANGHILIR 06°59'59.5"S
18 SALURANSASAKBENJOL 07°03'04.6"S 107°45'19.0"E 56 S _CICURUGDOGDOGHILIR 06°58'18.4"S
107°35'02.6"E
19 S CITARIKHULUsbImCimande 07°00'03.6"S 107°44'59.9"E 57 S CICANGKUDUHILIR 06°59'17.6"S
107°35'01.8"E
20 S CITARIKHILIR 06°59'16".3"S 07°42'19.9"E 58 S CIRANJENGHILIR 06°59'50.0"S
107°34'41.1"E
21 S CIKERUHHULU 06°57'16.2"S 107°46'11.0"E 59 S CIKAMBUYHILIR 06°59'31.1"S
107°33'33.0"E
22 S CIKERUHHILIR 06°59'05.7"S 107°42'04.6"E 60 S CIWIDEYHULU 07°06'14.2"S
107°27'54.6"E
23 S CIMANDEHILIR 06°59'46.4"S 107°44'55.4"E 61 S CIWIDEYLEUWIKURAY 07°00'49.6"S
107°31'33.9"E
24 S CIKIJINGHILIR 06°59'41.1"S 107°45'15.2"E 62 S CIWIDEYHILIR 06°59'18.9"S
107°32'51.9"E
25 S CISARANTENHILIR 06°58'26.5"S 107°42'35.2"E 63 S CIRANJANG 07°06'00.3"S
107°28'15.0"E
26 S CIPAMOKOLANHILIR 06°59'42.9"S 107°4024.3"E 64 S CISARUA 07°10'58.6"S
107°32'43.4"E
27 S CIDURIANHILIR 06°59'56.1"S 107°40'05.6"E 65 S CICANGKORAH 07°04'36.2"S
107°28'11.5"E
28 S CIJAWURAHILIR 07°00'01.6"S 107°38'50.6"E 66 S CIMAREME 06°59'57.4"S
107°31'51.8"E
29 SALURANIPALBOJONGSOANG 07°00'08.0"S 107°39'32.9"E 67 S CIGONDEWAHHILIR 06°57'34.9"S
107°33'02.1"E
30 S _CIGANITRI 06°58'14.2"S 107°3826.2"E 68 S DUNGUSLEMBU 06°56'44.6"S
107°32'43.5"E
31 S CIKAPUNDUNGHILIR 06°59'01.1"S 107°37'44.3"E 69 S CIBALIGOHILIR 06°56'00.0"S
107°32'53.6"E
32 S CIKAPUNDUNGSUKAPURA 06°59'03".3"S 07°37'48.2"E 70 S CIMAHIHILIR 06°55'28.9"S
107°32'10.8"E
33 S CIKAPUNDUNG-CIGEDE 06°59'01.1"S 107°37'44.3"E 71 S CIMALAKA 06°58'15.5"S
107°32'51.1"E
34 S CIPALASARIHULU 06°57'58.0"S 107°37'13.7"E 72 S CIBEUREUM 06°57'51.3"S
107°3226.4"E
35 S CIPALASARIHILIR 06°58'46.2"S 107°37'11.6"E 73 S CIBOGO 06°57'38.5"S
107°32'07.2"E
36 S CIPALASARI-pameungpeuk 07°01'26.1"S 107°35'34.5"E 74 S CIMUKA 06°57'07.4"S
107°32'08.5"E
37 S CISUMINTAHilir 06°58'30.8"S 107°36'43.9"E 75 S CICANGRICIBODAS 06°56'10.4"S
107°32'15.4"E
38 S _CITEPUSHilir 06°5829".2"S 07°36'30.9"E

II. MATERIALS AND METHOD

A. Study Area

Citarum River is located within West Java Province in
Indonesia. This study analyzes only the Citarum Watershed in
Bandung Regency. Figure 1 and Figure 2 show 75 stations
where a sample of water quality was collected. These
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locations cover important tributaries of Citarum River in
Bandung Regency. These data are typically used for the
environmental agency's routine operation and for planning
policy as mandated by Regulation of The Republic Indonesia
No 82 the Year 2001, Concerning Water Quality Management
and Water Pollution Control [19].



B. Water Quality Parameters

Water quality is always measured in correlation with the
purpose of the usage. We can see water quality as the
suitability of water for one or more purposes, measured by
chemical, biological, and physical characteristics [20]. Water
suitable for the plant to grow may not be suitable for us to
drink

A total of 23 water quality parameters are available for the
study and considered to be representing the water quality of
the Citarum river and its tributaries. There are more than
seventy monitoring sites set up along the main river and its
tributaries. The Environmental Agency of Bandung Regency
prepares the collection of data. Several parameters are
commonly used to measure water quality, including BOD,
DO, COD, TSS, pH, Total Coliforms, and Fecal Coliforms.

Dissolved Oxygen (DO), is a measure of how much oxygen
dissolved in water; it is one of the most critical water quality
factors. Without enough DO, aquatic life cannot exist.
Oxygen in water can be obtained from direct absorption from
the atmosphere, usually enhanced by turbulence aeration in
nature such as in-stream, where water flows over boulders
[21]. A sufficient concentration of dissolved oxygen in water
is needed to have a healthy aquatic life and the aesthetic
quality of a river or lake.

Five days BODs(biochemical oxygen demand) is the
amount of oxygen required by aerobic microorganisms to
dissolve organic matter in a water sample within five days. It
is the most widely used parameter to measure rivers' organic
pollution, selected by the U.K. Royal Commission on River
Pollution in 1908 and then adopted by the American Public
Health Association Standard Committee in 1936 [22]-[24].
The amount of available Dissolved Oxygen (DO) in water is
strongly related to BOD. BOD:s is the depletion of DO in a
water sample for five days consumed by existing
microorganism metabolism. The greater the BOD, the more
severe the degree of pollution.

Total Suspended Solids (TSS) are the solid suspended
particles in water. Chemical Oxygen Demand (COD), is the
demand for dissolved oxygen for all chemical processes in
water and commonly used to measure the acceptable quality
of effluent water [25]-[27]. River water’s pH is important
because it affects the fish's life, chemical reactions in water
supply, wastewater processes, and water usage's suitability for
a particular use [25]. Coliforms are microbiological
parameters used to measure maximum allowable values for
water's recreational use [25], [28]. Coliforms are bacteria that
are always present in the digestive tracts of animals and
humans. Although most do not cause disease, coliforms
bacteria are used as indicator bacteria; its presence is a
reasonable indication that other pathogenic bacteria are
present. This approach is used because testing for pathogens
for every water sample collected is not practical. Coliform
bacteria are relatively easy and come in a larger quantity than
dangerous pathogens and become the standard for the basic
test of bacterial contamination of a water supply. Fecal
coliform is the group of total coliforms found in the gut and
feces of warm-blooded animals or humans. Total coliform
includes bacteria from soil, human or animal waste, and water
that has been influenced by surface water [29].
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C. River Water Quality

The government of Indonesia categorizes the quality of
water, depending on the usage of the water, into four classes
according to Government Regulation No. 82, the Year 2001
On Management of Water Quality and Pollution [28]. It has
for class ranging from Class-IV safe for plant cultivation up
to Class-I safe for drinking water processing, as shown in
Table 2.

TABLE I
WATER QUALITY
Class Quality of Water
I Safe for drinking water processing
11 Safe for water recreation, fish, or water for plants
I Safe for fish or plants cultivation
v Safe for plants cultivation

This study mainly seeks for Class II fulfillment criteria for
Bandung Regency watershed. This criterion is the basis of
routine reporting activities of the Environment Agency in
Indonesia. Indonesia also defines four water pollution levels,
as seen in Table 3 [30].

TABLE III
WATER POLLUTION LEVELS
Levels Description
A Pollution-free
B Lightly polluted
C Moderately polluted
D Heavily polluted

Indonesia develops the river pollution index method, as
stated in regulation by Minister of the Environment No.115
the Year 2003 [31]. River Pollution Index measures seven
parameters: TSS, DO, BOD, COD, Total Phosphate, Fecal
Coliform, and Total Coliform. These parameters are similar
to the definition of Conventional Pollutants by Environmental
Agency in America [32], except oil and grease are not
measured in Indonesia. This study analyzes these seven
parameters using a multivariate statistics method. Data
screening/cleaning is done by removing missing value or
abnormal data. We have 75 valid observations. The outlier
is detected using the Z value (normal standard) to smoothen
the clustering process.

D. Factor Analysis and Principal Component Analysis

Assuming there is a strong correlation among the data, we
want to reveal the structure, factors, or dimensions that define
the relations among observed water quality variables that we
have. Factor analysis is a statistical method that will give
factors or structure or latent variables that previously cannot
be observed or determined directly. These factors contain all
the essential information about the relationship between the
observed variables. In doing so, FA will also reduce the
number of origin variables. This study follows SPSS’
Exploratory Factor Analysis using PCA. PCA tries to reduce
the dimensionality of a data set by transforming data into a
new set of orthogonal (non-correlated) variables called the



Principle Components (PCs), arranged in decreasing order of
importance [11], [33]. Factor Analysis will give us the
number of latent constructs and the dataset's underlying
factors [34].

E. Cluster Analysis

Cluster Analysis (CA) helps group a significant volume of
data into classes based on similarities within and
dissimilarities between different classes. CA is commonly
used to find patterns and analyze large complex water quality
data together with other multivariate statistics methods [6]—
[11]. In this study, CA is used to find the spatial similarity
group from all monitoring stations based on their quality
parameters. Similarities/dissimilarities are found using
Euclidean distance (linkage distance). A step by step
hierarchical clustering is used in this study. A dendrogram is
a diagram that shows a visual summary of how the clusters
are formed during the clustering process. As shown in Fig 2.
Dendrogram, we can see how the 75 observation stations (X-
axis) start clustering together at the bottom based on how
similar these observations are. For example, stations 24, 43,
and 36 form a cluster at the first step, and on the second step
grouped with stations 19 and 33, 58, ..., 50. Y-axis is the
cutting distance, a parameter that we use to decide whether an
object belongs to a cluster. By increasing the value of the
cutting Euclidean distance (Y-axis), we continuously group
the data and reduce the number of clusters.

III. RESULTS AND DISCUSSION

A. Descriptive Statistics

Table 4 shows the sample's quality taken from Citarum and
its tributaries for Class II qualification (safe for water
recreations, fish, and plant cultivation). We can immediately
see that the mean values are far above the prescribed limits,
indicating in general water quality is low and not suitable for
water recreation, fish, and plant.

TABLE IV
DESCRIPTIVE STATISTICS
Std. Analys  Class I1

Parameters Mean Deviation is N limit
TSS 101.536 240.7177 75 50
DO 3.508 2.5492 75
BOD 56.36 73.8548 75
COD 133.613 170.7126 75 25
Total
Phosphate 1.7036 1.22434 75 0.2
Fecal 250,986.67 459,983.27 75 1,000
Coliform
Total 1,944,200.01  4,225,644.46 75 5,000
Coliform

A high standard deviation shows that the data is widely
spread, suggesting the presence of a considerable spatial
variation, very likely caused by natural and anthropogenic
polluting sources. We can see in the values of all parameters
are far outside allowable limits. Most notably, the value of
Fecal Coliform and Total Coliform has a value of more than
250 and 388 times the recommended standard, respectively.
These extreme values confirmed one of the Indonesian
Army's challenges to help clean the Citarum. Many people
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who live near Citarum do not have proper sanitation facility
and use Citarum as their only alternative.

BOD and COD values are also far above the class II
standards. These BOD and COD values confirmed the level
of pollution by textile industries that dump their effluent
without using proper processing procedures needed by
regulations. Despite the effort that has been done by the
government to clean and restore the water quality of Citarum,
these values, unfortunately, show that it is far from allowable
limits.

B. FA and PCA

Table 5 shows the result of PCA analysis, which results in
two Principal Components. Component 1: BOD, COD, and
DO and Component 2: Total P and Fecal Coliform.
Component 1 is the biological parameters most used in
measuring water quality, especially concerning the quality of
the industries treat their effluents or to measure the degree of
water pollution in general. This analysis confirms that BOD,
COD, and DO move consistently together. This Component 1
is easily related to the fact that many industries that use
Citarum River or its tributaries as their final effluents do not
follow acceptable water quality standards mandated by the
government.

TABLE V
FACTORS ANALYSIS
Parameters Components
1 2

BOD 0.883 0.394
COD 0.857 0.437
DO -0.688 0.316
Total P 0.203 -0.662
Fecal Coliform 0.433 -0.514
TSS 0.05 0.478
Total Coliform 0.319 -0.39

This factor analysis also presents us with Total P and Fecal
Coliform as underlying or latent factors for Citarum Bandung
Regency; their values moved together consistently. Total P
and Fecal Coliform is strongly related to pollutions caused by
human or animal feces and urine. This result is consistent
because many people who live alongside the rivers do not
have adequate sanitation facilities. Based on these two factors'
values, we can safely deduct that Citarum Rivers and its
tributaries suffer both from industrial effluents and domestic
or farm waste.

C. Spatial Similarity and Sites Grouping, Cluster Analysis

The dendrogram in Fig. 2, shows that we can cluster
available stations into three clusters if we choose 24 as our
cutting distance. Two stations form Cluster 1: Cikapundung
Hilir and Cipadaun Hulu, Cluster 2: Cilebak and Cikaro,
Cluster 3 are the other stations. Total Coliform on Cluster 1
shows a very high value, far above the standards and far above
average (Cluster 3); indeed, this is the main characteristic of
Cluster 1. On Faecal Coliform, we cannot easily see the
differences between the three clusters, although we can see
that all the clusters exhibit a very high value far above the
standard.

The TSS value on Cluster 2 is very high as compared to the
other two clusters. This value suggests a follow-up



investigation since erosions or other factors can cause a high
TSS. Cluster 1 exhibits a good value below the allowable
standard, while most of the rivers have higher values than the
acceptable standard. The values of BOD and COD are all
above the standard. The DO values on Cluster 2 are well
within the acceptable standard, even though BOD and COD
are far above standard. This phenomenon can be resulted from
the error in taking the sample, or the oxygen supply is rich by
nature. These results suggest that the government should take
more vigorous law enforcement to all the industries that use
Citarum as their final sewage disposal, especially the ones that
do not have wastewater treatment plants. Besides law
enforcement, win-win alternatives on providing wastewater

treatment plant should be considered. One popular option
worth further study is providing a special wastewater pipe
alongside Citarum to be treated by a pool of wastewater
treatment plants. If this option can be implemented, the final
industrial effluent's quality can be controlled to be within the
allowable permitted range.

As the studies showed in Table 6, total Coli and Faecal Coli
are all above normal allowable standards. This phenomenon
suggests that a massive program in providing adequate
sanitation facilities is direly needed by the people who live
alongside Citarum and its tributaries. Besides sanitation, a
further study on how to better manage effluent from livestock
and agriculture is also needed.

TABLE VI
BANDUNG REGENCY’S WATER QUALITY VALUES
Class II Standards
Station Cluster 50 4 3 25 0.2 1,000 5,000
TSS DO BOD COD Total P Faecal Coli  Total Coli
CILEBAK 2 1102 5.7 60 111 0.5 20,000 160,000
CIKARO 2 1781 6.2 33 80 0.52 49,000 200,000
EI[LIR UNDUNG 1 40 4.5 44 146 1.2 49,000 30,000,000
CIPADAULUN HULU 1 24 1 64 91 5 310,000 20,000,000
OTHER STATIONS 3 101.536 3.508 56.36 133.613 1.0736 250,987 1,944,200
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Fig. 2 Dendrogram showing clustering for Bandung Regency Area

D. Challenges

The Environmental Agency is aware that the available data
is not enough to analyze the quality of Citarum water, which
covers an extensive area. One obstacle is the high cost of
measuring BOD, despite the scarcity of certified personnel for
this purpose. Coordination among different agencies also has
many improvement opportunities. Telemetry and other
innovative technology are needed to help manage the
Citarum’s data.

IV. CONCLUSION

Indications of heavy contaminations, with some variables
far exceeding standards recommended by the government,
confirmed the disastrous condition of Citarum. Cluster
Analysis categorizes Citarum and its tributaries in Bandung
Regency into three clusters. The highlight of the first cluster
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(Cikapundung Hilir and Cipadaun Hilir) is Total Coliforms'
extreme values. Cluster 2 (Cilebak and Cikaro) is marked by
a very high TSS, while Cluster 3 (all other rivers/stations)
exhibiting values above prescribed limits. There are two
important underlying factors for this study area; the first is
BOD, COD, and DO; and the second factor is Total P and
Fecal Coliform.

The government can use these results to take appropriate
actions and further study based on the cluster’s locations and
conditions, as discussed in this study. One important
observation is the magnitude of the socio-cultural influence in
this Citarum watershed issues. Habits and paradigms due to
economic, land, and knowledge limitations make Citarum and
its tributaries a convenient place to dispose of waste. The
technical approach alone will not be able to solve the Citarum
problem completely. A holistic approach promises more
sustainable solutions compared to other approaches.
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