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IMPACK OF DOMESTIK ACTIVITIES AND TOURISM ON THE
AYUNG RIVER BASIN, GIANYAR, BALI

IMPACTO DAS ATIVIDADES DOMESTICAS E DO TURISMO NA BACIA DO RIO
AYUNG, GIANYAR, BALI

Abstract

Watersheds are very important resources for
human life. The Ayung River located in the Ubud
area plays an important role for tourism,
agriculture and raw water sources for upstream
areas and greatly supports the economy. Water is
a natural resource that is needed for the
livelihoods of many people, even by all living
things. Therefore, water resources must be
protected so that they can continue to be utilized
properly by humans and other living things.
Water pollution is indicated by a decrease in
water quality to a certain level that causes the
water to not function according to its intended
use. The Ayung River as a source of community
economy must be controlled from domestic
pollution sources. This study aims to analyze the
pollution index of the Ayung River and
determine the dominant parameters that affect
the pollution index. The research method uses a
quantitative approach using primary data sources
taken directly in the field and secondary data
sources using data from the government and
previous studies. The results of the study showed
that the pollution index for class | water
allocation for all water samples taken was in a
lightly polluted condition. While the allocation
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Resumo

Bacias hidrograficas sdo recursos muito
importantes para a vida humana. O Rio Ayung,
localizado na regido de Ubud, desempenha um
papel importante no turismo, na agricultura e
nas fontes de &gua bruta para as areas a
montante, além de sustentar significativamente a
economia. A &gua é um recurso natural
necessario para a subsisténcia de muitas
pessoas, inclusive de todos 0s seres Vivos.
Portanto, o0s recursos hidricos devem ser
protegidos para que possam continuar a ser
utilizados adequadamente por humanos e outros
seres vivos. A poluigdo da agua é indicada pela
diminuicdo da qualidade da agua a um
determinado nivel, o que faz com que ela nao
funcione de acordo com o uso pretendido. O Rio
Ayung, como fonte de economia comunitéria,
deve ser controlado a partir de fontes de
poluicAo doméstica. Este estudo tem como
objetivo analisar o indice de polui¢do do Rio
Ayung e determinar os parametros dominantes
que o afetam. O método de pesquisa utiliza uma
abordagem quantitativa, utilizando fontes de
dados primarios obtidos diretamente em campo
e fontes de dados secundarios, utilizando dados
do governo e de estudos anteriores. Os
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of class II, 11, and 1V water for all water samples
taken was in a condition that met the quality
standards. The condition of the water pollution
index is influenced by the high parameter e. coli
that is on the threshold of the water quality
standard for class I, II, 1ll, and IV. While the
coliform parameter is on the threshold of the
water quality standard for class | and class II.

Keywords: Tourism. Domestic. Pollutant.
Quality. Water.
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resultados do estudo mostraram que o indice de
poluicdo para alocacdo de agua classe | para
todas as amostras de agua coletadas estava em
uma condicdo levemente poluida. Enquanto a
alocacdo de 4gua das classes I, 11l e IV para
todas as amostras coletadas estava em condigdes
que atendiam aos padrdes de qualidade, a
condigdo do indice de poluigdo da agua é
influenciada pelo alto parémetro E. coli, que
esta no limite do padréo de qualidade da agua
para as classes I, II, 11l e IV. J& o pardmetro

coliforme esta no limite do padréo de qualidade
da &gua para as classes | e Il.

Palavras-chgve: Turismo. Doméstico. Poluente.
Qualidade. Agua.

1 INTRODUCTION

A river basin is a land area that is a single unit with a river and its tributaries,
which functions to accommodate, store and channel water from rainfall to lakes or to the
sea naturally, where the boundary on land is a topographic separator and the boundary at
sea to the waters that are still affected by land activities. A river basin is also defined as
an area that is bounded by mountain ridges and water will be channeled through small
rivers to the main river (Alam et al., 2016). Rivers have a very important role in
maintaining ecological and environmental sustainability (Zhang et al., 2018). A river
basin is a land area that is a single unit with a river and its tributaries, which functions to
accommodate, store and channel water from rainfall to lakes or to the sea naturally, where
the boundary on land is a topographic separator and the boundary at sea to the waters that
are affected by land activities (Yuliastuti, 2011). As is well known, the function of a river
basin is as a supplier of water with good quantity and quality, especially for people in
downstream areas. Reduced water supply will reduce the water carrying capacity and land
carrying capacity in the upstream area (Sudipa, 2021).

Land conversion from forest to agricultural or non-agricultural land will affect the
quantity and quality of water management in river basins, which will be more felt by
people in downstream areas (Farida et al., 2004). The current general perception is that
the conversion of forests to agricultural land results in a decrease in the function of forests
in regulating water management, preventing flooding, landslides and erosion in the river
basin. Changes in river conditions can be caused by the entry of pollutant sources from

domestic waste (Supardiono et al., 2021). Forests are always associated with positive
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functions for water management in river basin ecosystems. Damage to river basins due to
increasing human intervention and needs and land conversion that is not in accordance
with the principles of land suitability and capability causes various natural disasters, this
condition causes an increase in critical and damaged river basins (Ardhani, 2014).

A river basin is an ecosystem where elements of organisms and the biophysical
environment and chemical elements interact dynamically and in it there is a balance of
inflow and outflow of materials and energy (Aslam, 2013). River basin management can
also be called a form of regional development that places river basins as a unit of natural
resource management which in general is to achieve the goal of increasing optimum and
sustainable agricultural and forestry production by minimizing damage so that the
distribution of river water flow originating from the river basin can be evenly distributed
throughout the year (Sudarma et al., 2016). This biophysical integration causes river
basins to be viewed as a complete whole consisting of water sources, water bodies, lakes,
and reservoirs that cannot be separated from one another (Fauzi et al., 2016).

The Ayung River Basin is the largest river basin in Bali Province. The Ayung
River Basin has an area of 29,717.17 ha and passes through 6 regencies/cities in Bali
Province, namely Badung Regency, Gianyar Regency, Bangli Regency, Tabanan
Regency, Buleleng Regency, and Denpasar City. Meanwhile, the Ayung River itself has
a river length of around 62.5 km and the area of the Ayung River Basin is 288.37 km?,
crossing 3 regencies, namely Badung Regency, Gianyar and Denpasar City. One of the
areas crossed by the Ayung River is the Ubud area of Gianyar Regency. The Ayung River
Basin is used for irrigation so that almost all farmers feel the benefits and are used for
those involved in the management of food crops, plantations, livestock, fisheries, and
forestry (Sallata, 2015). In addition to being used for agricultural activities in a broad
sense, the Ayung River Basin Basin located in the Ubud District, Gianyar Regency is
used for tourism purposes, especially rafting and kayaking tourism.

The Ayung River Basin has experienced physical, chemical and microbiological
pressures originating from agricultural waste such as organic material runoff (Sagala et
al., 2020). Waste comes from fertilizers and pesticides, household waste, livestock waste,
hotel waste located on the side of the Ayung River Basin which run off during the rainy
season which enters the Ayung River Basin (Kusumawardhani, 2020). The Ayung River
is used as a source of raw drinking water for the upstream area and its carrying capacity

is maintained (Sudipa et al., 2020). The purpose of this study was to determine the impact
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of domestic and tourism activities on the Ayung River Basin (DAS) in the Ubud District,

Gianyar Regency.

2 METHOD

The materials used in this study were maps, sterile bottles, GPS, DO meters, and
cameras. The tools and methods used for the analysis of the water quality of the Ayung
River are presented in Table 1 and the parameters of the analysis of the water quality of

the Ayung River are presented in Table 2.

Table 1.

Analyzed Water Quality Parameters, Methods, and Tools Used
No Parameters Unit Analysis Methods Equipment
A Physics
1 Temperature °C Mercury Expansion Thermometer
2 Physics ppm Gravimetry Analytical Balance
B Chemistry
1 DO ppm Electrochemistry DOm
2 pH - Electrometer pHmM
3 BOD5 ppm Spectrophotometry Spektrofotometer
4 COD ppm Spectrophotometry Spectrophotometer
5 NO3 ppm Spectrophotometry Spectrophotometer
6 NO2 ppm Spectrophotometry Spectrophotometer
7 NH3 ppm Spectrophotometry Spectrophotometer
8 PO4 ppm Spectrophotometry Spectrophotometer
9 Oil & Fat ppm Gravimetry Analytical Balance
C Microbiology
1 Faecal coliform MPN/100ml MPN Test Tube

Source: Bali Governor Regulation No. 16 of 2016

Water quality greatly influences the water pollution index (Yani et al., 2019).
Determination of pollution status is determined by using the pollution index as stated in
the Decree of the Minister of State for the Environment Number 51 of 2004 (Yuniarti et
al., 2019). as follows:

Ci
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Information:

Li : Water quality concentration for water quality standards for water use (j)
Ci : Water quality concentration from survey results

Pij : Pollution index for designation (j)

(Ci/ Lij)M: Ci/Lij Maximum

(Ci/ Lij)R : Ci/Lij Average

The status of water quality standards is stated as follows:

1. 0<PIj<1.0: According to quality standards (good condition)

2. 1.0<PIj<5.0: Lightly polluted water

3. 5.0<PIj<10: Moderately polluted water

4. P1j>10: Heavily polluted

Table 2.
River Water Quality Analysis Parameters

Nome dos autores

No | Parameters Unit Bali Governor Regulation No. 16 of 2016

Class | Class 11 Class 111 Class IV
A. | Physics
1 Temperature °C Deviation 3 | Deviation 3 Deviation 3 Deviation 5
2 Physics ppm 1000 1000 1000 2000
B. | Chemistry
1 pH ppm 6-9 6-9 6-9 5-9
2 | Fe ppm 0,3 () () ()
3 | Mn ppm 0,1 () () ()
4 Cu ppm 0,02 0,02 0,02 0,02
5 Zn ppm 0,05 0,05 0,05 2
6 Cr ppm 0,05 0,05 0,05 1
7 Cd ppm 0,01 0,01 0,01 0,01
8 Hg ppm 0,001 0,002 0,002 0,005
9 Pb ppm 0,03 0,03 0,03 1
10 | As ppm 0,05 1 1 1
11 | Se ppm 0,01 0,05 0,05 0,05
12 | Ammonia (NH;-N) ppm 0,5 () ) ()
13 | Nitrat (NOs-N) ppm 10 10 20 20
14 | Nitrit (NO2-N) ppm 0,06 0,06 0,06 (-)
15 | Detergent ppm 0,2 0,2 1 5
C. | Microbiology
1 Total coliform MPN/100ml 1000 5000 10000 10000
2 Faecal coliform MPN/100ml 100 1000 2000 2000

Source: Bali Governor Regulation No. 16 of 2016
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3 RESULT AND DISCUSSION

Ayung River water samples were taken in May 2024. The results of the physical,

chemical, and microbiological parameter quality tests of water samples taken during the

dry season are as follows:

3.1 Ayung River Water Sample in Front of Putri Wulandari Hotel (PW)

The first water sample taken was at coordinates -8.465068, 115.242234 or in front

of the Putri Wulandari Hotel. The results of the river water quality analysis can be seen

in Table 3.

Table 3.

Analysis of River Water Quality Parameters in Front of Putri Wulandari Hotel
No | Parameters Unit Result Bali Governor Regulation No. 16 of 2016

Class | Class 11 Class 111 Class IV

A. | Physics
1 Temperature °Cc 25,1 Deviation 3 | Deviation 3 |Deviation 3 |Deviation 5
2 Physics ppm 95,22 1000 1000 1000 2000
B. | Chemistry
1 pH ppm 7,94 6-9 6-9 6-9 5-9
2 Fe ppm 0,298 0,3 () () ()
3 Mn ppm <0,01 0,1 () ) ()
4 Cu ppm <0,0153 | 0,02 0,02 0,02 0,02
5 Zn ppm <0,0075 | 0,05 0,05 0,05 2
6 Cr ppm <0,003 0,05 0,05 0,05 1
7 Cd ppm <0,001 0,01 0,01 0,01 0,01
8 Hg ppm <0,0005 | 0,001 0,002 0,002 0,005
9 Pb ppm <0,0036 | 0,03 0,03 0,03 1
10 | As ppm <0,0003 | 0,05 1 1 1
11 | Se ppm <0,0006 | 0,01 0,05 0,05 0,05
12 | Ammonia (NHs-N) ppm <0,001 0,5 () ) )
13 | Nitrat (NOs-N) ppm 1,664 10 10 20 20
14 | Nitrit (NO2-N) ppm <0,001 0,06 0,06 0,06 ()
15 | Detergent ppm <0,05 0,2 0,2 1 5
C. | Microbiology
1 Total coliform MPN/100ml 3300 1000 5000 10000 10000
2 Faecal coliform MPN/100ml 3300 100 1000 2000 2000

Source: Bali Governor Regulation No. 16 of 2016

From the calculation results of the index for water allocation, the following results

were obtained:
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. Class I water allocation with a pollution index value of 1.65, where the
water is in a lightly polluted condition.

. Class Il water allocation with a pollution index value of 0.29, where the
water is in good condition and meets the quality standards.

. Class 111 water allocation with a pollution index value of 0.17, where the
water is in good condition and meets the quality standards.

. Class 1V water allocation with a pollution index value of 0.14, where the
water is in good condition and meets the quality standards.

The results of the analysis of water samples taken in front of the Putri Wulandari
Hotel compared to the water quality for the River water quality standards can be explained
as follows:

a) The results of the Physical Parameter analysis show that it is below the
quality standard threshold, both for class I, II, 11, and IV water allocations.

b) The results of the Chemical Parameter analysis show that it is below the
quality standard threshold, both for class I, Il, 111, and IV water allocations.

C) The results of the Microbiological Parameter analysis show that the Total
Coliform Parameter is still above the standard quality threshold for class | water and
below the standard quality threshold for class Il, 111, and IV water, and Faecal coliform is

above the standard quality threshold, both for class I, II, 111, and IV water.
3.2 Ayung River Water Sample in Front of the Kupu-kupu Barong Hotel (KKB)
The second water sample taken was at coordinates -8.478144, 115.244721 or in

front of the Kupukupu Barong Hotel. The results of the river water quality analysis can
be seen in Table 4.
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Table 4.

Analysis of River Water Quality Parameters in Front of the Kupu-Kupu Barong Hotel

. Bali Governor Regulation No. 16 of 2016
No | Parameters Unit Result Class | Class 11 Class 111 | Class IV
A. | Physics
1 | Temperature °c 25,4 | Deviation |Deviation |Deviation |Deviation5
3 3 3

2 | Physics ppm 112,32 | 1000 1000 1000 2000
B. | Chemistry
1 | pH ppm 7,98 6-9 6-9 6-9 5-9
2 | Fe ppm 0,312 10,3 () () ()
3 | Mn ppm <0,01 |01 () () ()
4 | Cu ppm <0,0153 | 0,02 0,02 0,02 0,02
5 | Zn ppm <0,0075 | 0,05 0,05 0,05 2
6 [Cr ppm <0,003 | 0,05 0,05 0,05 1
7 | Cd ppm <0,001 | 0,01 0,01 0,01 0,01
8 | Hg ppm <0,0005 | 0,001 0,002 0,002 0,005
9 |Pb ppm <0,0036 | 0,03 0,03 0,03 1
10 | As ppm <0,0003 | 0,05 1 1 1
11 | Se ppm <0,0006 | 0,01 0,05 0,05 0,05
12 | Ammonia (NHs- | ppm <0,001

N) 0,5 () () ()
13 | Nitrat (NO3z-N) ppm 2,84 |10 10 20 20
14 | Nitrit (NO2-N) ppm <0,001 | 0,06 0,06 0,06 ()
15 | Detergent ppm <0,05 |0,2 0,2 1 5
C. | Microbiology
1 | Total coliform MPN/100ml 4200 | 1000 5000 10000 10000
2 | Faecal coliform MPN/100ml 3500 | 100 1000 2000 2000

Source: Bali Governor Regulation No. 16 of 2016

From the calculation results of the index for water allocation, the following results
were obtained:

. Class | water allocation with a pollution index value of 1.66, where the
water is in a lightly polluted condition.

. Class Il water allocation with a pollution index value of 0.32, where the
water is in good condition and meets the quality standards.

. Class 111 water allocation with a pollution index value of 0.20, where the
water is in good condition and meets the quality standards.

. Class 1V water allocation with a pollution index value of 0.16, where the
water is in good condition and meets the quality standards.

The results of the analysis of water samples taken in front of the Kupu-Kupu
Barong Hotel compared to the water quality for the river water quality standards can be

explained as follows:
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a) The results of the Physical Parameter analysis show that it is below the
threshold of the quality standard, both for class I, Il, 11, and IV water allocations.

b) The results of the Chemical Parameter analysis show that it is on the
threshold of the quality standard, both for class I, Il, 111, and IV water allocations.

C) The results of the Microbiological Parameter analysis show that the Total
Coliform Parameter is still above the standard quality threshold for class | water and
below the standard quality threshold for class Il, 111, and IV water, and Faecal coliform is

above the standard quality threshold, both for class I, II, 111, and IV water.

3.3 Ayung river water sample in front of the Amandari Hotel (AD)

The third water sample taken was at coordinates -8.488342, 115.243211 or in front
of the Amandari Hotel. The results of the river water quality analysis can be seen in Table

5.

Table 5.

Analysis of River Water Quality Parameters in Front of Amandari Hotel

. Bali Governor Regulation No. 16 of 2016
No | Parameters Unit Result Class I Class Il Class 111 Class IV
A. | Physics
1 Temperature °c 25,8 |Deviation 3 |Deviation 3 |Deviation 3 |Deviation 5
2 Physics ppm 148,62 | 1000 1000 1000 2000
B. | Chemistry
1 pH ppm 8 6-9 6-9 6-9 5-9
2 Fe ppm 0,45 0,3 ) ) ()
3 Mn ppm <0,01 |01 () () ()
4 Cu ppm <0,0153 | 0,02 0,02 0,02 0,02
5 Zn ppm <0,0075 | 0,05 0,05 0,05 2
6 Cr ppm <0,003 | 0,05 0,05 0,05 1
7 Cd ppm <0,001 | 0,01 0,01 0,01 0,01
8 Hg ppm <0,0005 | 0,001 0,002 0,002 0,005
9 Pb ppm <0,0036 | 0,03 0,03 0,03 1
10 | As ppm <0,0003 | 0,05 1 1 1
11 | Se ppm <0,0006 | 0,01 0,05 0,05 0,05
12 | Ammonia (NHs-N) | ppm <0,001 | 0,5 () () ()
13 | Nitrat (NOs-N) ppm 4,3 10 10 20 20
14 | Nitrit (NO2-N) ppm <0,001 | 0,06 0,06 0,06 ()
15 | Detergent ppm <0,05 |02 0,2 1 5
C. | Microbiology
1 Total coliform MPN/100ml 5600 | 1000 5000 10000 10000
2 Faecal coliform MPN/100ml 4200 | 100 1000 2000 2000

Source: Bali Governor Regulation No. 16 of 2016
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From the calculation results of the index for water allocation, the following results
were obtained:

. Class I water allocation with a pollution index value of 1.66, where the
water is in good condition and meets the quality standards.

. Class Il water allocation with a pollution index value of 0.39, where the
water is in good condition and meets the quality standards.

. Class 111 water allocation with a pollution index value of 0.23, where the
water is in good condition and meets the quality standards.

. Class 1V water allocation with a pollution index value of 0.18, where the
water is in good condition and meets the quality standards.

The results of the analysis of water samples taken in front of the Amandari Hotel
compared to the water quality for the river water quality standards can be explained as
follows:

a) The results of the Physical Parameter analysis show that it is below the
threshold of the quality standards, both for class I, Il, I11, and IV water allocations.

b) The results of the Chemical Parameter analysis show that it is on the
threshold of the quality standards, both for class I, 11, 111, and 1V water allocations.

C) The results of the Microbiological Parameter analysis show that the Total
Coliform Parameter is still above the standard quality threshold for class | and Il water,
and below the standard quality threshold for class 11l and IV water, and Faecal coliform

is above the standard quality threshold, both for class I, 11, 111, and IV water.
3.4 Ayung river water sample in front of Four Season Hotel (FS)
The fourth water sample taken was at coordinates -8.499981, 115.240509 or in

front of the Four Season Hotel. The results of the river water quality analysis can be seen
in Table 6.
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Table 6.

Analisis Paramater Kualitas Air Sungai di Depan Hotel Four Season

Nome dos autores

. Bali Governor Regulation No. 16 of 2016
No | Parameters Unit Result Class | Class I Class Il Class IV
A. | Physics
1 Temperature °Cc 26,1 Deviation 3 |Deviation 3 |Deviation 3 |Deviation 5
2 Physics ppm 184,32 | 1000 1000 1000 2000
B. | Chemistry
1 pH ppm 8,2 6-9 6-9 6-9 5-9
2 Fe ppm 0,48 0,3 () () ()
3 Mn ppm <0,01 0,1 () ) ()
4 Cu ppm <0,0153 | 0,02 0,02 0,02 0,02
5 Zn ppm <0,0075 | 0,05 0,05 0,05 2
6 Cr ppm <0,003 | 0,05 0,05 0,05 1
7 Cd ppm <0,001 | 0,01 0,01 0,01 0,01
8 Hg ppm <0,0005 | 0,001 0,002 0,002 0,005
9 Pb ppm <0,0036 | 0,03 0,03 0,03 1
10 | As ppm <0,0003 | 0,05 1 1 1
11 | Se ppm <0,0006 | 0,01 0,05 0,05 0,05
12 | Ammonia (NHz-N) | ppm <0,001 |05 (-) () ()
13 | Nitrat (NO3-N) ppm 6,4 10 10 20 20
14 | Nitrit (NO2-N) ppm <0,001 | 0,06 0,06 0,06 ()
15 | Detergent ppm <0,05 0,2 0,2 1 5
C. | Microbiology
1 Total coliform MPN/100ml 6800 1000 5000 10000 10000
2 Faecal coliform MPN/100ml 5100 100 1000 2000 2000

Source: Bali Governor Regulation No. 16 of 2016

From the calculation results of the index for water allocation, the following results

were obtained:

. Class I water allocation with a pollution index value of 1.66, where the

water is in a lightly polluted condition.

. Class Il water allocation with a pollution index value of 0.47, where the

water is in good condition and meets the quality standards.

. Class 111 water allocation with a pollution index value of 0.27, where the

water is in good condition and meets the quality standards.

. Class 1V water allocation with a pollution index value of 0.21, where the

water is in good condition and meets the quality standards.

The results of the analysis of water samples taken in front of the Four Season

Hotel compared to the water quality for the River water quality standards can be explained

as follows:

a) The results of the Physical Parameter analysis show that it is below the

threshold of the quality standard, both for class I, II, 11, and IV water allocations.
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b) The results of the Chemical Parameter analysis show that it is on the

threshold of the quality standard, both for class I, II, 11, and IV water allocations.

C) The results of the Microbiological Parameter analysis show that the Total

Coliform Parameter is still above the standard quality threshold for class | and Il water,

and below the standard quality threshold for class 11l and IV water, and Faecal coliform

is above the standard quality threshold, both for class I, 11, 111, and IV water.

3.5 Ayung river water sample in front of the Samaya Hotel (SMY)

The fifth water sample taken was at coordinates -8.513174, 115.233658 or in front

of the Samaya Hotel. The results of the river water quality analysis can be seen in Table

7.

Table 7.

Analysis of River Water Quality Parameters in Front of the Samaya Hotel

. Bali Governor Regulation No. 16 of 2016
No | Parameters Unit Result Class | Class 11 Class 111 Class IV
A. | Physics
1 Temperature °C 26 Deviation 3 | Deviation 3 | Deviation 3 | Deviation 5
2 Physics ppm 203,12 | 1000 1000 1000 2000
B. | Chemistry
1 pH ppm 7,98 6-9 6-9 6-9 5-9
2 Fe ppm 0,363 | 0,3 () () ()
3 Mn ppm <0,01 |01 (-) (-) (-)
4 Cu ppm <0,0153 | 0,02 0,02 0,02 0,02
5 Zn ppm <0,0075 | 0,05 0,05 0,05 2
6 Cr ppm <0,003 | 0,05 0,05 0,05 1
7 Cd ppm <0,001 | 0,01 0,01 0,01 0,01
8 Hg ppm <0,0005 | 0,001 0,002 0,002 0,005
9 Pb ppm <0,0036 | 0,03 0,03 0,03 1
10 | As ppm <0,0003 | 0,05 1 1 1
11 | Se ppm <0,0006 | 0,01 0,05 0,05 0,05
12 | Ammonia (NH3-N) | ppm <0,001 | 05 () () ()
13 | Nitrat (NO3-N) ppm 52 10 10 20 20
14 | Nitrit (NO2-N) ppm <0,001 | 0,06 0,06 0,06 ()
15 | Detergent ppm <0,05 | 0,2 0,2 1 5
C. | Microbiology
1 Total coliform MPN/100ml 7000 1000 5000 10000 10000
2 Faecal coliform MPN/100ml 5300 100 1000 2000 2000

Source: Bali Governor Regulation No. 16 of 2016

From the calculation results of the index for water allocation, the following results

were obtained:
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. Class I water allocation with a pollution index value of 1.66, where the
water is in a lightly polluted condition.

. Class Il water allocation with a pollution index value of 0.47, where the
water is in good condition and meets the quality standards.

. Class 111 water allocation with a pollution index value of 0.27, where the
water is in good condition and meets the quality standards.

. Class 1V water allocation with a pollution index value of 0.21, where the
water is in good condition and meets the quality standards.

The results of the analysis of water samples taken in front of the Samaya Hotel
compared to the water quality for the river water quality standards can be explained as
follows:

a) The results of the Physical Parameter analysis show that it is below the
threshold of the quality standard, both for class I, Il, I1l, and IV water allocations.

b) The results of the Chemical Parameter analysis show that it is on the
threshold of the quality standard, both for class I, Il, I1l, and IV water allocations.

C) The results of the Microbiological Parameter analysis show that the Total
Coliform Parameter is still above the standard quality threshold for class I and 1l water,
and below the standard quality threshold for class 11l and IV water, and Faecal coliform

is above the standard quality threshold, both for class I, 11, 111, and IV water.
3.6 Ayung river water sample in front of the Bale Teba Hotel (BT)

The sixth water sample taken was at coordinates -8.540174, 115.217952 or in
front of Bale Teba Hotel. The results of the river water quality analysis can be seen in

Table 8.

Table 8.

Analysis of River Water Quality Parameters in Front of Bale Teba Hotel

. Bali Governor Regulation No. 16 of 2016
No | Parameters Unit ResUlt I "Classt [ Class 1l | Class 11l | Class IV
A. | Physics
1 Temperature °Cc 26,3 Deviation 3| Deviation 3 | Deviation 3 | Deviation 5
2 Physics ppm 268,6 1000 1000 1000 2000
B. | Chemistry
1 pH ppm 8,2 6-9 6-9 6-9 5-9
2 Fe ppm 0,43 0,3 (-) () (-)
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3 Mn ppm <0,01 0,1 () () ()

4 Cu ppm <0,0153 | 0,02 0,02 0,02 0,02
5 Zn ppm <0,0075 | 0,05 0,05 0,05 2

6 Cr ppm <0,003 | 0,05 0,05 0,05 1

7 Cd ppm <0,001 | 0,01 0,01 0,01 0,01
8 Hg ppm <0,0005 | 0,001 0,002 0,002 0,005
9 Pb ppm <0,0036 | 0,03 0,03 0,03 1

10 | As ppm <0,0003 | 0,05 1 1 1

11 | Se ppm <0,0006 | 0,01 0,05 0,05 0,05
12 | Ammonia (NH3-N) | ppm <0,001 |05 () () (-)
13 | Nitrat (NO3-N) ppm 6,8 10 10 20 20
14 | Nitrit (NO,-N) ppm <0,001 | 0,06 0,06 0,06 (-)
15 | Detergent ppm <0,05 0,2 0,2 1 5

C. | Microbiology

1 Total coliform MPN/100ml 7600 1000 5000 10000 10000
2 Faecal coliform MPN/100ml 5600 100 1000 2000 2000

Source: Bali Governor Regulation No. 16 of 2016

From the calculation results of the index for water allocation, the following results
were obtained:

. Class | water allocation with a pollution index value of 1.66, where the
water is in a lightly polluted condition.

. Class Il water allocation with a pollution index value of 0.47, where the
water is in good condition and meets the quality standards.

. Class Il water allocation with a pollution index value of 0.27, where the
water is in good condition and meets the quality standards.

. Class 1V water allocation with a pollution index value of 0.21, where the
water is in good condition and meets the quality standards.

The results of the analysis of water samples taken in front of the Bale Teba Hotel
compared to the water quality for the river water quality standards can be explained as
follows:

a) The results of the Physical Parameter analysis show that it is below the
threshold of the quality standard, both for class I, Il, 11, and IV water allocations.

b) The results of the Chemical Parameter analysis show that it is on the
threshold of the quality standard, both for class I, 11, 111, and IV water allocations.

C) The results of the Microbiological Parameter analysis show that the Total
Coliform Parameter is still above the standard quality threshold for class | and Il water,
and below the standard quality threshold for class 11l and IV water, and Faecal coliform

is above the standard quality threshold, both for class I, 11, 111, and IV water.
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From the results of the pollution index analysis on each water sample taken above,
it shows that there is a tendency for the pollution index to increase from upstream to
downstream based on class. The increase in the pollution index is caused by the
accumulation of incoming pollutants that accumulate in the downstream area, especially
microbiological parameters, namely total coliform and e. coli. In the upstream to
downstream areas of the Ayung River, there are many economic activities ranging from
rafting activities, hotels and villas, agricultural activities, domestic activities and livestock
activities that produce waste in the form of human and animal waste that is dumped into
the Ayung River or run off into the Ayung River during the rainy season. Most of the
pollution index of each water sample of the Ayung River taken is influenced by the total
coliform and e. coli parameters. The pollution index of each sample of the Ayung River
can be seen in Fig. 1.

Figure 1.

Pollution Index for Each Ayung River Sample
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One of the factors that affect the pollution index of the Ayung River is the high
levels of coliform contained in the waters of the Ayung River. The results of the study
showed that the coliform content of each sampling point had exceeded the environmental
quality standards based on Bali Governor Regulation No. 16 of 2016 concerning
Environmental Quality Standards and Environmental Damage Standard Criteria, namely
1000 MPN /100 ml for class | water, 5000 MPN / 100 ml for class Il water, 10000 MPN
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/ 100 ml for class 11l water, and 10000 MPN / 100 ml for class IV water. The range of
coliform concentrations is from 3300 MPN / 100 ml to 7600 MPN / 100 ml. The highest
coliform concentration occurred during the first sampling, namely the river water in front
of the Putri Wulandari Hotel, which was 3300 MPN/100 ml and the highest coliform
concentration occurred during the sixth sampling, namely the sample in front of the Bale
Teba Hotel, which was 7600 MPN/100 ml and exceeded the threshold for water quality
standards for class I and Il based on Bali Governor Regulation No. 16 of 2016 concerning
Environmental Quality Standards and Environmental Damage Standard Criteria. This
proves that the Ayung River has experienced quite severe biological pollution (Alam et
al., 2016). The concentration of coliform at each sampling point in the Ayung River can

be seen in Fig. 2.

Figure 2.

Coliform Concentration at Sampling Points in the Ayung River
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Biological pollution can be identified by the discovery of microbial (pathogenic)
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bacteria as an indicator of water pollution. The presence of coliform bacteria in water
indicates the presence of enteropogenic or toxigenic microbes that are harmful to health
(Anisafitri et al., 2020). The presence of microbiomes in the Ayung River is caused by
human activities on land such as household activities, livestock, trade, decomposition of

organic waste and other businesses. The disposal of organic waste, human and animal
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waste that enters the Batujai Reservoir causes the accumulation of pathogenic bacteria
(Salle, 2013).

Escherichia coli is a bacteria that is part of the microflora that is normally present
in the digestive tract of humans and animals. Escherichia coli is included in heterotrophic
bacteria that obtain food in the form of organic substances from their environment
because they cannot compose the organic substances they need themselves (Rahmawati.,
et al., 2024). Escherichia coli is also an indicator bacteria of water quality because its
presence in water indicates that the water is contaminated by feces which may also
contain other pathogenic microorganisms (Widyawati et al., 2020). Escherichia coli
becomes pathogenic if the number of these bacteria in the digestive tract increases or is
outside the intestine. Escherichia coli produces enterotoxins which cause some cases of
diarrhea. The concentration of Escherichia coli in samples taken in the Ayung River
ranged from 3300 MPN/100 ml to 5600 MPN/100 ml. The highest concentration of
Escherichia coli occurred during the first sample collection, namely the river water in
front of the Putri Wulandari Hotel, which was 3300 MPN/100 ml and the highest
concentration of Escherichia coli occurred during the sixth sample collection, namely the
sample in front of the Bale Teba Hotel, which was 5600 MPN/100 ml and exceeded the
threshold for water quality standards for all classes based on Bali Governor Regulation
No. 16 of 2016 concerning Environmental Quality Standards and Environmental Damage
Standard Criteria, namely 100 MPN/100 ml for class | water, 2000 MPN/100 ml for class
I water, 2000 MPN/100 ml for class I11 water, and 2000 MPN/100 ml for class IV water.
The concentration of Escherichia coli at each sampling point in the Ayung River can be

seen in Fig. 3.
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Figure 3.

Concentration of Escherichia coli at Sampling Points in the Ayung River
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Under normal conditions, Coliform and Escherichia coli can grow in the digestive

tract but can be pathogenic and can attack animals and humans in certain conditions such
as digestive disorders and immunosuppression in the host. Poor sanitation from livestock
management results in Escherichia coli contamination which is an environmental
contaminant bacteria, namely environmental pollution bacteria (Mundi, 2018).

The presence of Coliform and E. coli contamination bacteria can be suspected to
be caused by community activities that use springs as places to bathe and wash. Low
community hygiene allows for bacterial contamination (Saputri et al., 2020). The
existence of springs or rivers also allows for many farms where animal waste may enter
rivers or waterways which eventually enter sea waters and the possibility of poor

sanitation quality which can increase fecal deposits that can pollute river water.
4 CONCLUSION

The pollution index for class | water allocation for all water samples taken is in a
lightly polluted condition. While the allocation of class 11, 111, and 1V water for all water
samples taken is in a condition that meets the quality standards. The condition of the water
pollution index is influenced by the high e. coli parameter which is on the threshold of
the quality standards for class I, I, Ill, and IV water allocation. While the coliform
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parameter is on the threshold of the quality limits for class | and class Il water allocation.
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