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Abstract. Pejarakan mangrove ecosystem area, Bali is one of the
largest mangrove forests in Buleleng Regency and is managed for
conservation and education. The input of anthropogenic waste or
farming activities around the area can affect changes in water
quality. This study aims to evaluate the condition of the waters which
includes several physical and chemical parameters as a basis for
determining the status of water quality in the area. The research was
conducted in Pejarakan mangrove area, Bali at 6 station points since
September 2022, January 2023, September 2023, and January 2024.
The analysis method used is the pollution index (IP). Based on the
observation results, pH (7.47-8.49), DO (3-7.6 mg/L), turbidity
(0.17-18.75 mg/L), TSS (2.8- 38.6 mg/L), nitrate (0.02-0.05 mg/L),
ammonia (0.05-0.5 mg/L), total phosphate (0.01- 0.75 mg/L),
temperature (28.7-37.4°C), were obtained, generally the waters were
mildly polluted for the pollution index (IP) method.

1 Introduction

Mangrove ecosystems are one of the coastal areas that have an important role for humans
and biota. These ecosystems based on their ecology have several functions as services that
include nursery ground, spawning ground, and become one of the producers in the marine
food chain or feeding ground for aquatic organisms [1]. The ecological function of
mangroves is related and continuous with other coastal areas which include seagrasses and
coral reefs as coastal stability from abrasion. Humans can benefit from mangroves indirectly,
namely as a wave breaker [2]. While directly becoming a source of building wood or
firewood, as well as the capture of aquatic organisms caught around mangroves for the
welfare of the community because this area is one that is rich in marine biota resources [3].
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The coastal area of Pejarakan, Buleleng, Bali is one of the largest mangrove forests in
Buleleng Regency (160 ha) which is managed by Nature Conservation Forum Putri
Menjangan 2016 for conservation and tourist education as well as ecotourism [4]. The
mangrove in Pejarakan coastal area has 13 mangrove species that can grow well. The
mangrove species include Avicennia sp., Excoecaria sp., Rhizophora spp. Aegiceras sp.,
Ceriops spp., Lumnitzera sp., Bruguiera sp., Sonneratia sp., and several associated plants
[5]. Management of mangroves in Pejarakan, Bali has been carried out through reforestation
activities to expand and improve mangrove [6]. Activities in the vicinity of the study site,
including shrimp and salt farming, as well as agriculture and lobster farming, are expected to
have an impact (e.g., waste input) on the mangrove ecosystem. This mangrove area is also
utilized as ecotourism with its resource characteristics that are relied upon for conservation
purposes as well as the tourism industry, so it can be one of the factors for the amount of
waste entering in addition to its location adjacent to the farm [7].

However, quality status research in determining water conditions has not been conducted
in the Pejarakan mangrove area, Bali. Therefore, observations of water quality both
physically and chemically in the mangrove area in Pejarakan Bali need to be done to
determine the status of water quality as supporting information and evaluation of the impact
of activities around the mangrove area for local managers. This research aims to analyze the
status of water quality using the pollution index method in the waters of Pejarakan mangrove
area, Buleleng, Bali in order to know the condition of the waters along with appropriate
management suggestions. This research is expected to provide basic information for the
people of Pejarakan, Buleleng, Bali regarding the status of pollution and water quality in the
waters of Pejarakan mangrove area, Buleleng, Bali as an evaluation material and suggestions
for proper management in the future.

2 Materials and methods

2.1 Time and Location

Sampling was conducted in September 2022, January 2023, September 2023, and January
2024 in the mangrove area and its surroundings, Pejarakan Village, Buleleng, Bali. This
water sampling time is expected to represent the season in the tropics. Water sampling was
conducted at a six location point that represents the Pejarakan mangrove area, Bali using
purposive sampling. Station 1 is the outlet sampling point of the farm, while station 6 is the
inlet of the farm. Station 4 and station 5 are sampling points that are opposite the open sea.
Station 2 is part of the canal and includes an inlet adjacent to the mangrove. Station 3 is a
sampling point in the middle of the mangrove ecosystem (Figure 1).
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Fig. 1. Location map of Pejarakan mangrove area, Buleleng, Bali
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2.2 Material and Equipment

This research requires tools and materials used in analyzing the pollution index and water
quality status both ex situ and in situ. Direct measurements in the field or in situ using
measuring instruments, namely multiparameters used to measure dissolved oxygen (DO),
temperature, conductivity, salinity, and pH. Water sampling requires a 100mL sample bottle
mixed with sulfuric acid (H2SOa) as a preservative to store samples that will be analyzed
further include measure nitrate and ammonia, while 250 mL without preservatives to store
samples that will be analyzed further include total suspended solid (TSS), nitrite, turbidity,
and total phosphate [8]. Water samples will be analysis in the laboratory or ex situ, so labels
are needed so that the bottles of each sampling point are not mixed up and coolboxes as a
place to store water samples so that they are not contaminated and change.

2.3 Data Collection

Data collection in the form of primary data. Primary data includes water collection of
physical and chemical parameters using multiparameters and further analysis in the
laboratory (BIMA 1 MSP and BDP Environment, FPIK, IPB University). Water quality
parameters used in determining the condition and status of water quality in Pejarakan
mangrove area, Bali along with analysis methods and measuring instruments are presented

in Table 1.
Table 1. Measured water quality parameters

Parameters Unit Measurement tool/Analysis method
Physics
Temperature °C Multiparameter/ visual
Turbidity NTU Multiparameter/ nephelometric method
Total Suspended Solid (TSS) mg/L Balance sheet/ gravimetry
Chemical
pH - Multiparameter/ visual
Dissolved Oxygen (DO) mg/L Multiparameter/ visual
Nitrate (NO3) mg/L Spectrophotometry/ cadmium reduction method
Nitrite (NO2) mg/L Spectrophotometry/ sulfanilamide method
Ammonia (NH;) mg/L Spectrophotometry/ phenate method
Total Phosphate mg/L Spectrophotometry/ ascorbic acid method

2.4 Descriptive Analysis

The research data obtained were processed and analyzed descriptively. Descriptive analysis
is a description and explanation of research results in accordance with scientific principles
[9]. The value of water quality parameters obtained will be compared with the quality
standards according [10] concerning the implementation of environmental protection and
special management of water quality standards for marine biota [11]. The results of the
analysis obtained will be used in determining the pollution index and as a form of strategy
recommendations in the management of Pejarakan mangrove area, Buleleng, Bali.

2.5 Similarity of Characteristics between Research Stations based on Water Quality

The similarity of characteristics between research stations based on water quality was
analyzed using Minitab22 software with the cluster analysis method. Water quality
parameters included in this analysis include all chemical and physical parameters measured.
Cluster analysis is a statistical method used in the clustering process. This process needs to
use a distance measure in order to describe the similarity between data to represent a simple
cluster structure from complex data. The distance measure that is often used is the euclidean
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measure [12]. Single linkage is one of the cluster methods of hierarchical analysis
(development whose structure resembles a branched tree) by grouping two data that have the
closest distance. The result of using single linkage analysis with euclidean distance is a
dendrogram. Dendrogram is a branching tree diagram used to illustrate similarities between
data [13].

2.6 Pollution Index (PI)

The Pollution Index (PI) is the methods used to determine the status of water quality [14].
The level of water quality condition is indicated by its water quality status by comparing the
existing and established quality standards. The water quality data obtained will be analyzed
using PI according to [15] on the determination of water quality status. Determination of the
level of pollution of mangrove areas with the following formula.

o\ (o)
L L

2

1)

Description:

PI; = pollution index for designation j

Ci = concentration of water quality parameter i

Lij = concentration of water quality parameter i specified in the quality standard for
water designation j

M = Maximum

R = Average

Determination of the level of pollution is done using four ranges of values from the results
of the pollution index obtained. The following PI classes are presented in Table 2.

Table 2. Water class based on Pollution Index (PI) method

Pollution Index Value Waters Class
0<IP;<1,0 Meet Quality Standard
1,0<IP;<5,0 Lightly Polluted
5,0<IP;<10 Moderately Polluted
IP;>10 Heavily Polluted

Source: KEPMEN LH No. 115 Year 2003

3 Results

3.1 Aquatic Environmental Conditions in Pejarakan Mangrove Area Bali (physical
and chemical parameters

Water quality data in the Pejarakan mangrove area, Bali obtained from observations for 4
months, including September 2022, January 2023, September 2023, and January 2024. The
results of this water quality parameter test vary and in order to determine the value of
parameters that either meet the quality standards for biota in mangroves, there is an average
value and standard deviation. Determination of the quality standards of water quality
parameters [10]. The test results of water quality parameters both physical and chemical
temporally are presented in Table 3.
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Table 3. Minimum, maximum, mean, and standard deviation values of water quality in Pejarakan
mangrove area, Bali (physical and chemical parameters) in September 2022, January 2023,
September 2023, and January 2024

. Quali Month
Parameters | Unit Standatryd Sep22 | Jan23 | Sep23 | Jan-24
Physics
Temperature | °C | 2832 30.70-27.60 32.80-30.90 34.40-29.80 37.40-29.70
(29.43+1.15) | (31.77x0.77) | (31.58+1.52) | (31.73+2.89)
o 18.75-0.17 5.50-2.30 8.10-0.40 18.70-1.30
Turbidity NTU |3 (4.07+7.24) (4.08£1.32) (4.13£2.58) (9.6+8.32)*
TsS mglL | 80 38.60-5.60 22.00-9.20 16.20-2.80 37.40-3.50
(12.48+12.88) | (16.33£5.26) | (8.60+4.62) | (19.68+16.09)
Chemical
oH ] 85 8.49-7.48 8.30-8.10 8.41-7.90 8.35-7.47
’ (8.08+0.43) (8.25+0.08) (8.18+0.20) (7.92+0.35)
7.60-5.00 6.50-5.20 6.70-4.00 7.30-3.00
Do mg/l | >5 (6.48£1.13) (5.68+0.49) (5.3841.07) (5.12+1.64)
. 0.03-0.02 0.05-0.03 0.03-0.03 0.03-0.02
Nitrate mg/L | 0,06 (0.02+0.004) (0.04£0.01) | (0.03+0.002) | (0.03+0.001)
Nitrite mgl | - 0.15-0.01 0.44-0.17 0.05-0.02 0.36-0.06
(0.040.06) (0.33£0.12) (0.03£0.01) (0.16+0.11)
Ammonia mglL | 03 0.50-0.05 0.30-0.20 0.28-0.13 0.10-0.06
’ (0.250.18) (0.230.04) (0.190.06) (0.08+0.01)
Total 0.60-0.01 0.33-0.02 0.35-0.03 0.75-0.19
Phosphate mg/l | - (0.20-£0.22) (0.1520.14) (0.1620.14) (0.40+0.21)

The results of the average temporal analysis of both chemical and physical water quality
parameters show that there is one parameter that does not meet the established quality
standards. The parameter that does not meet is turbidity in January 2024 with an average of
9.60 NTU. The highest average value is the temperature parameter in January 2024 at
31.73°C. The lowest average value is for the nitrate parameter in September 2022 at 0.02
mg/L. Physical or chemical parameters each have a minimum (lowest) and maximum
(highest) value based on data per month.

Parameters with varied values can be seen from the minimum, maximum, average, and
standard deviation values, in the physical parameters analyzed include temperature, turbidity,
and TSS. The highest temperature value obtained was in January 2024 at 37.40°C, while the
lowest temperature value was in September 2022 at 27.60°C. The highest and lowest turbidity
levels obtained were at the same time in September 2022 with values of 18.75 NTU and 0.17
NTU. The highest TSS value obtained was in September 2022 at 38.60 mg/L, while the
lowest TSS value was in September 2023 at 2.80 mg/L. However, the highest or lowest values
of turbidity and TSS do not differ much between months.

The values of the analyzed chemical parameters include pH, DO, nitrate, nitrite,
ammonia, and total phosphate. The highest pH value obtained was in September 2022 at 8.49,
while the lowest value was obtained in January 2024 at 7.47. The highest DO value obtained
in September 2024 was 7.46, while the lowest value was in January 2024 at 3. The highest
nitrate concentration obtained was in January 2023 at 0.05 mg/L, while the lowest
concentration was in September 2022 and January 2024 at 0.02 mg/L. The highest nitrate
concentration obtained in January 2023 was 0.44 mg/L, while the lowest concentration was
in September 2022 at 0.01 mg/L. The highest ammonia concentration obtained in September
2022 was 0.5 mg/L, while the lowest concentration was obtained in January 2024 with a
value of 0.06 mg/L. The highest total phosphate concentration obtained was in January 2024
at 0.75 mg/L, while the lowest concentration was in September 2022 at 0.01 mg/L. The
results of water quality analysis tests for both physical and chemical parameters are also
presented geographically or per station in Table 4.
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Table 4. Minimum, maximum, mean, and standard deviation values of water quality in Pejarakan
mangrove area, Bali (physical and chemical parameters) in station 1-6

Qualit Station
Paramet | Uni y
ers t Standa 1 2 3 4 5 6
rd
Physics
32.80- 31.40- 31.80- 37.40- 31.10- 31.80-
Temperat oC 28-32 29.80 29.40 29.40 30.40 28.70 30.70
ure (30.98+1. (30.4+0.9 (30.4+0.9 (33.65+2. | (30.10«1. | (31.33+0.
46) 1) 1) 99)* 12) 49)
18.70- 18.75- 18.20- 5.20-0.53 5.50-0.40 | 4.90-1.90
Turbidity NT 5 0.17 2.90 0.94 (2.43£2.0 | (2.66£2.2 | (3.54%1.5
U (6.22+8.4 (10.2447. (7.74+£7.5 5) 4) 4)
5)* 49)* 7*
37.40- 38.60- 36.40- 20.80- 22.00- 19.60-
TSS mg/ 30 5.60 10.20 6.90 3.50 2.80 5.80
L (20.15+15 | (22.20£13 | (18.58+12 | (8.98+7.9 | (9.80+8.4 | (11.49+10
.07) 1) .57) 6) 1) 33)
Chemical
8.40-8.30 8.49-8.16 8.20-7.48 8.30-7.61 8.30-7.47 | 8.41-8.10
pH - 7-8,5 (8.36+0.0 (8.29+0.1 (7.78+0.3 (7.99+0.3 | (7.97£0.3 | (8.25%0.1
4 5) 3) 1) 6) 7
me/ 7.60-5.50 6.60-5.20 6.00-3.40 7.00-5.50 | 5.30-3.00 | 7.50-5.60
DO Lg >5 (6.78+0.9 (5.8320.6 | (4.6x1.14) | (6.13£0.7 | (4.43+£1.0 | (6.25+0.8
3) 4 * 5) * 6)
me/ 0.03-0.03 0.04-0.02 0.05-0.02 0.03-0.02 | 0.05-0.02 | 0.05-0.03
Nitrate L & 0,06 (0.030.0 (0,03+0,0 (0.030.0 (0.03£0.0 | (0.03+£0.0 | (0.03%0.0
0) D D 0) D D
mg/ 0.17-0.02 0.37-0.01 0.44-0.03 0.21-0.01 0.41-0.01 0.42-0.01
Nitrite Lg - (0.12+0.0 (0.19+0.2 (0.14+0.2 (0.10£0.1 (0.15£0.1 | (0.14+0.1
7) 0) 0) 1) 8) 9)
Ammoni | mg/ 0.50-0.07 0.40-0.07 0.25-0.08 0.30-0.06 | 0.20-0.05 | 0.24-0.10
a L 0,3 (0.25+0.1 (0.26+0.1 (0.15+0.0 (0.19£0.1 (0.12£0.0 | (0.15%0.0
8) 4) 7) 0) 6) 7)
Total me/ 0.60-0.04 0.33-0.16 0.35-0.02 0.19-0.01 0.75-0.05 | 0.55-0.01
Phosphat Lg - (0.34+0.2 (0.23+0.0 (0.24+0.1 (0.08+0.0 | (0.31£0.3 | (0.18+0.2
e 3) 7) 5) 8) 2) 5)

The results of the average test analysis of water quality parameters both chemical and
physical based on the station show that there are several parameters that do not meet the
quality standards [10]. Parameters that do not meet include temperature, turbidity, and DO.
The highest average value is for the temperature parameter at station 4 of 33.65°C. Turbidity
levels that do not meet are at stations 3, 4, and 6 with an average value range of 6.22-10.24
NTU. DO values that do not meet quality standards are found at stations 3 and 5 at 4.60 mg/L
and 4.43 mg/L. The lowest average value is in the nitrate parameter at all stations of 0.03
mg/L. Physical and chemical water quality parameters each have maximum (highest) and
minimum (lowest) values based on data per station. Physical parameters analyzed include
temperature, turbidity, and TSS.

The highest temperature value is at station 4 of 37.40 °C, while the lowest value is at
station 5 of 28.70 °C. The highest turbidity level obtained is at station 2 of 18.75 NTU, while
the lowest value is at station 1 of 0.17 NTU. The highest TSS value obtained was at station
2 of 38.60 mg/L, while the lowest value obtained was at station 5 of 2.80 mg/L. The chemical
parameters analyzed include pH, DO, nitrate, nitrite, ammonia, and total phosphate. The
highest pH value obtained was at station 2 of 8.49, while the lowest value was at station 5 of
7.47. The highest DO value obtained was at station 1 of 7.60 mg/L, while the lowest value
was at station 5 of 3 mg/L. The highest nitrate concentration obtained was at stations 3, 5,
and 6 by 0.05 mg/L, while the lowest concentration obtained was at stations 2, 3, 4, and 5 by
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0.02 mg/L. The highest nitrite concentration obtained was at station 3 of 0.44 mg/L, while
the lowest concentration obtained was at stations 2, 4, 5, and 6 of 0.01 mg/L. The highest
ammonia concentration obtained is at station 1 of 0.5 mg/L, while the lowest concentration
obtained is at station 5 of 0.05 mg/L. The highest total phosphate concentration obtained at
station 5 was 0.75 mg/L, while the lowest concentration obtained at stations 4 and 6 was 0.01
mg/L.

3.2 Similarity of Characteristics between Research Stations based on Water Quality

The similarity of characteristics between stations was analyzed based on the average water
quality status per station. The average data from each parameter was inputted and then
analyzed using Minitab22 software to obtain the results in the form of a dendrogram. The
following is a dendrogram of the similarity of characteristics between research stations based
on water quality in the Pejarakan mangrove area, Bali presented in Figure 2.

Dendrogram

Single Linkage; Eti

251 I

50,07 |

75.04

Similarity (%)

100,00

1 2 3 5 5 4
Station

Fig. 2. Dendrogram of similarity characteristics between research stations based on water quality
parameters in Pejarakan mangrove area, Bali

Based on the grouping results, it is known that there are two clusters formed. Station 4
has the lowest similarity value compared to other stations, which is 25.11%. The highest
characteristic similarity value is between station 5 and station 6 with a value of 53.97%. The
similarity value of 36.31% forms two clusters, namely between station 1 and station 2 with
station 3, station 5, and station 6. The similarity value of 43.26% is between station 1 and
station 2, while the similarity value of 45.82% is between station 3, station 5, and station 6.

3.3 Water Pollution Index (Pl)

The calculation of the pollution index (PI) method is based [ 15] concerning the determination
of water quality status. The results of using the PI method are presented in graphical form.

The value of the PI of Pejarakan mangrove area waters, Bali temporally can be seen in Figure
3.
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Fig. 3. Graph of water quality status using the pollution index (PI) method in the waters of the Pejarakan
mangrove area, Bali in September 2022, January 2023, September 2023, and January 2024.

The results of the water quality status test using the temporal-based PI method show that
the waters of the Pejarakan mangrove area, Bali are dominated by lighly pollution status. The
average value per month is around 1.40 which is slightly different from the maximum score
of the good category. The lowest value of temporal PI was found in September 2022 and
January 2024 at station 6 at 0.65. The highest value of temporal PI was in September 2022 at
station 2 at 2.85. The average high value of the PI at all stations was in January 2024 at 2.18,
while in January 2023 the PI value at all stations was low with an average of 0.98. The results
of pollution status using the PI method were analyzed geographically or per station presented

in Figure 4.
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Fig. 4. Graph of water quality status using the pollution index (IP) method in the waters of the Pejarakan
mangrove area, Bali in station 1-6

The results of the water quality status test using the PI method per station show that the
waters of the Pejarakan mangrove area, Bali are dominated by good condition status. The
average value per station is around 1.40 which is slightly different from the maximum score
of the good category. The lowest value of PI per station was found in September 2022 and
January 2024 at station 6 at 0.65. The highest value of PI temporally was in September 2022
at station 2 at 2.85. The highest average PI value based on each station is at station 2 of 1.73,
while the lowest average is obtained at station 6 of 0.74.
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4 Discussion

Pejarakan, Bali is one of the villages included in TNBB or West Bali National Park, where
most of the small-scale fishermen's livelihoods depend on TNBB waters [16]. Pejarakan
coastal waters have a mangrove ecosystem with a high diversity of mangrove species and
good condition of 13 species [5]. Mangrove areas are very important for aquatic organisms
as a habitat for breeding and growth. Several pond conversion areas in Pejarakan, Bali have
been converted to mangrove planting sites. The mangrove area in this location also coexists
with two other ecosystems which include seagrass ecosystems and coral reef ecosystems
[17].

The main medium in the life of organisms such as fish to grow and develop is water.
Water quality is a measure of the condition of a body of water relative to the needs of living
things or humans [18]. The development and growth of good living things in a water body
cannot escape the support of its water quality [19]. Water quality is very important to analyze
to determine strategies in more appropriate control as ecotourism and the tourism industry
[20]. Research in the Pejarakan Bali mangrove area based on parameters measured in situ or
ex situ includes physics and chemistry. Seasonal effects can affect the value of water quality
in a body of water taken and measured. January is a transition period from the rainy season
to the dry season, September which represents the rainy season characterized by high
precipitation [21].

The results of the analysis of the similarity of characteristics between stations based on
water quality showed that none of the stations were similar with a similarity value of <80%.
This is because each research station has different characteristics apart from the water quality
parameters. However, between station 5 and station 6 which has the highest similarity value
of 53.97% is because these two stations are meeting places with the open sea without any
barriers. This is different from station 4, although the station point also intersects with the
high seas, but there is a barrier between mangroves and the high seas, namely piles of sand
that form a road as an abrasion barrier, so that even though the tide is not as much as the other
stations and shallow. The characteristics of the waters at station 4 are also different, namely
very turbid water and blackish brown in color. Stations 1 and 2 are included in the same
cluster with a similarity value of 43.26% having similar geographical characteristics, namely
turbid and greenish brown water, so parameters such as turbidity and TSS have values that
tend to be the same. Station 3 is included in the same cluster as station 5 and station 6 with a
similarity value of 45.28%, this is because between the three stations have similar
geographical characteristics, namely adjacent and directly adjacent to the mangrove
ecosystem.

The measured water quality parameters are found at several points that represent the
geography of the study site and water sampling is done at high tide. The results of water
quality parameters in the waters of Pejarakan Bali mangrove area measured and analyzed
found that a few average values that do not meet the quality standards of seawater biota.
Parameters that do not meet include temperature, turbidity, ammonia, and DO. Water quality
parameters in several mangrove water areas in Indonesia based on research show that the
measured results do not meet the quality standards [10]. Water quality data analyzed by
several studies in mangrove water areas in Indonesia can be seen in Table 5.

Table 5. Water quality data from several mangrove water area studies in Indonesia

Parameter
Resear Nitra Total
N ch Turbid TSS DO Ammo Referen
. | Temperat . te . phosph
0. Locati ure (°C) ity (mg/ | pH | (mg/ (mg/ nia ate ces
on (NTU) L) L) L) (mg/L) (mg/L)
1 Teluk 28.40- 0.00- 0.40- | 6.6 6.63- | 0.00- | - 3.30- Adnina
Banten | 37.50 38.00 10.00 | 3- 8.20 0.38 7.50 (2023)
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8.2
0
2 Sagara | 28.10- - 7740 | 6.6 3.20- | - - - Priska et
Anaka 30.50 - 0- 3.40 al.
n, 148.0 | 6.8 (2020)
Cilacap 0 0
3 Peranc 29.08- - - 7.9 1.75- 0.14- 0.05- - Susiana
ak, 30.50 9- 3.54 0.40 0.14 (2015)
Bali 8.1
3
4 Nusa 28.00 - 5520 | 7.5 3.50 0.560 | - 0.35 Heriyant
Penida, 0 o dan
Bali Suharti
(2019)

Based on the table above, it is known that at several research locations the values of
physical and chemical parameters including temperature, turbidity, ammonia, and DO did
not meet the predetermined quality standards. There are thresholds of seawater quality
standards for marine biota that are still allowed according to the Decree of the State Minister
of Population and Environment Number 2 of 1988 [22]. One of them is the threshold allowed
for the turbidity parameter, which is 30 NTU, while the desired / best turbidity level is 5
NTU. Turbidity is included in physical water quality parameters whose characteristics can
be known using the sense of sight [23].

Turbidity is a parameter that measures the relative clarity of a body of water. The
expression of the amount of light scattered when sunlight enters a water sample or the optical
characteristics of water is the definition of turbidity. Increased turbidity in a body of water
will prevent sunlight from entering so that it can affect aquatic organisms and plants that need
it [24]. High turbidity values are influenced by suspended inorganic and organic materials in
the form of fine particles and colloids [25]. The results of turbidity and TSS values in the
Pejarakan Bali mangrove area show a similar distribution both temporally and
geographically. The turbidity parameter is closely related to total suspended solid (TSS), the
higher the concentration of TSS in the water, the more absorption of solar heat energy will
be [26]. This is in line with the turbidity concentration which will also increase and result in
disturbed light penetration.

TSS (total suspended solid) is a suspended solid consisting of microorganisms, fine sand,
and mud. Sediment that is lifted into the water column is also a factor in increasing suspended
solids levels [27]. Measurement of total suspended solids can be used to determine the status
of pollution of waters from domestic waste and the efficiency of seawater management units,
especially in mangrove areas [28]. The TSS value obtained in the waters of the Pejarakan
Bali mangrove area is in the range of 2.80-38.60 mg/L, which means that it is far from the
threshold of sea water quality standards intended for mangrove marine biota of 80 mg/L.

Temperature is a physical parameter in a body of water influenced by latitude, sea level,
season, stratification and depth flow of the water body, and time of day. Temperature data
collection is not comprehensive for a period of time in days because each time has its own
characteristics, but rather prioritizes the number of sampling points in order to represent the
Pejarakan Bali mangrove area and structured repetition (September and January).
Temperature values observed during the observation were in the range of 28.70-37.40°C with
a varied distribution of values. The increase in temperature in January 2024 at station 4 to
37.40°C was due to the time of data collection in the morning before noon. The waters at
station 4 were shallower than other stations, in accordance with the research in mangrove
ecotourism area Sungai Tanah [29] which states that large changes in water temperature are
found in shallow waters rather than deep waters. This also affects the increase in turbidity
and TSS levels, so that changes in metabolic rate as a result of respiration or oxygen
consumption by aquatic organisms decrease [30].
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Dissolved oxygen (DO) is the concentration of the amount of oxygen (Oz) dissolved in a
body of water [31]. Dissolved oxygen is used as a process of decomposing organic into
inorganic by microorganisms and respiration by aquatic organisms [32]. DO as a water
quality parameter can indicate the degree of impurity of raw water in a body of water [33].
DO values obtained in the range of 3.00-7.60 mg/L with a distribution of values that tends to
vary slightly. These results are relatively similar to research in Banten Bay [34], Segara
Anakan [35], Perancak [36], and Nusa Penida [37] which ranged from 1.75-8.20. The DO
values analyzed contained data that did not meet the established quality standards. This can
be influenced by the decomposition process, with the decay or decomposition of organic
matter by microorganisms in the waters requiring oxygen and carbon to accelerate the process
[38].

Potential hydrogen (pH) includes chemical water quality parameters to determine the
level of hydrogen ions in water [39]. The pH value can be used to express the basicity of a
solution [40]. Land organic matter that is flowed through river currents to the high seas can
affect the acidity (pH) value of the water around mangroves. The pH value measured in the
Pejarakan Bali mangrove area is relatively good with a range of 7.47- 8.49 with a slightly
varied distribution of values. These results are comparable to research in Banten Bay [34],
Segara Anakan [35], Perancak [36], and Nusa Penida [37] which ranged from 6.63-8.20. The
value range is still within the threshold of seawater quality standards for biota. Aquatic
biochemical processes such as nitrification of aquatic organisms are influenced by changes
in pH values [41].

Nitrate, nitrite, and ammonia are chemical compounds and are called nutrients in the
pollution index. Nitrate is a nutrient that is utilized by phytoplankton (an indicator of water
quality status and fertility of a water body) in its metabolism and growth. Nitrate is formed
from the decomposition process of the remains of dead organisms and plants or the
decomposition / weathering process [42]. Nitrate is the main form of nitrogen in compound
waters so it is important for protein synthesis of aquatic plants and animals, including in
mangrove waters [43]. The nitrate concentration of Pejarakan Bali mangrove area analyzed
in the range of 0.02-0.05 mg/L and the distribution is not varied. These concentrations meet
the established quality standards. The nitrate concentration results obtained are relatively low
compared to research conducted in Banten Bay [34], Segara Anakan [35], Perancak [36], and
Nusa Penida [37] which ranged from 0.00-0.56 mg/L. High or low nitrate concentrations will
affect the pollution index, so it needs to be known and analyzed.

Nitrite is an intermediate form or transition from the nitrification process, namely
ammonia to nitrate and the denitrification process, namely nitrate to nitrogen gas. The amount
of nitrite compounds in marine waters tends to be very small due to its unstable nature in the
presence of oxygen [44]. The nitrite concentration obtained was in the range of 0.01-0.44
with a very varied distribution of values. The high level of nitrite compounds in a water body
will cause disruption to aquatic organisms in it. This is because nitrite compounds easily bind
to the blood hemoglobin of an aquatic organism and are toxic [45]. However, according to
[46], the nitrite content of 0.01 can still be tolerated by mangroves and the waters of the
Pejarakan mangrove area, Bali are near the farm, so there is input of waste flowing into the
waters.

Ammonia can be toxic and non-toxic which is influenced by the pH of a water body.
Ammonia that is not ionized or unionized due to waters having an alkaline atmosphere (high
pH) can be toxic, and vice versa. Ammonia is easier to be absorbed by aquatic organisms
into their bodies so that it can interfere and toxicity to aquatic organisms is higher. Ammonia
values analyzed were obtained in the range of 0.05-0.50 mg/L with a varied distribution of
values. Ammonia concentrations at station 1 and station 2 in September 2022 were above the
threshold of seawater quality standards. High ammonia concentrations can be found in anoxic
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areas, especially at the bottom of the waters [47]. This is in line with the location of the two
stations at the outlet of the farm.

Phosphate is a nutrient compound that plays a role in the metabolic process and growth
of both phytoplankton and other aquatic organisms. The forms of phosphate compounds that
exist in marine waters are particulate phosphate and dissolved organic and inorganic [43].
The value of total phosphate concentration is influenced by ocean currents and physical and
chemical water quality parameters [48]. Phosphate values in the Pejarakan Bali mangrove
area analyzed were in the range of 0.01-0.75 mg/L with a varied distribution of values. The
concentration of total phosphate in the sea has a less stable condition because it is vulnerable
to the process of dilution, weathering, and erosion [43]. The concentration of total phosphate
exceeding 0.096 mg/L in the sea has entered the high level classification [49]. However, this
value can be caused by the lifting of high phosphate content from the bottom to the sea surface
due to the turbulence of water masses and currents. This is in accordance with the total
phosphate results at station point 5 which is close to the open sea, so that the total phosphate
value reaches 0.75 in January 2024.

Pollution index (PI) is a method utilized in determining the status of a water body by
using formulas that have been included [15]. Based on the results of the calculation of the
pollution index or IP, it is known that the status of waters both temporally and geographically
in the Pejarakan mangrove area, Bali is dominated by lightly polluted. These results are
comparable to research on the East Coast of Surabaya City which states the results of station
indices 2, 3, and 5 as part of the mangrove area are also lightly polluted [50]. Mangroves
include biofilter plants, so the pollution index value obtained is still optimal for the ecosystem
and the biota in it. The status of the waters at station 6 per month shows good conditions,
because the station is an inlet of aquaculture.

Based on the results of the PI method used, the waters of the Pejarakan mangrove area,
Bali are categorized in good to lightly polluted conditions. This is influenced by several
parameters, especially ammonia which can be toxic to waters. Ammonia content that exceeds
the quality standard is at the research station located at the outlet of the farm, so that
management suggestions can be made by monitoring and supervising the disposal of waste
from the farm which is carried out in a structured and periodic manner. The advice also
applies to waters with good conditions in an effort to maintain healthy and safe waters of the
Pejarakan mangrove area, Bali. Collaborative efforts and support also need to be made
between related parties such as the government and local communities.

The government in question is not only the scope of the local village, but from the
government of Gerokgak District and Buleleng Regency should also be able to pay attention
to the mangrove area with proper supervision and legal determination for the management of
this area. Such management includes evaluating the process of waste runoff from ponds into
the sea on a regular basis, so that the value of water quality parameters that do not meet
current quality standards can be degraded. Basic education also needs to be conducted for
local communities and tourists regarding environmental care for mangrove ecosystems that
have a major role in the waters and surroundings, so that collaborative efforts are more
effective and easy to implement due to increased enthusiasm. Collaboration with pond
owners and academics that has been carried out in the form of mangrove reforestation
activities also needs to be improved so that polluting factors can be controlled. This is because
rehabilitation can accelerate the restoration of a mangrove ecosystem and sustainable
management in this area can be realized.

5 Conclusion

The condition of the waters of the Pejarakan mangrove area, Bali based on the status of water
quality that has been analyzed using the pollution index (PI) method is generally lightly
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polluted status. Based on the results of the status obtained, management advice that can be
done is by monitoring and supervising the disposal of waste from farming, as well as
collaborative efforts and support in mangrove area management needs to be done between
related parties such as government and local communities so that polluting factors can be
controlled.

References

1. E. Hilmi, L. K. Sari, T. N. Cahyo, R. Dewi, and T. Winanto, The structure
communities of gastropods in the permanently inundated mangrove forest on the north
coast of Jakarta, Indonesia. J. Bio. Div. 23, 5 (2022). DOI:10.13057/biodiv/d230554

2. A. Dinilhuda, A. A. Akbar, and Jumiati, Peran ekosistem mangrove bagi mitigasi
pemanasan global. Jurnal Teknik Sipil. 18, 2 (2018). DOI:10.26418/jtst.v18i2.31233

3. I. Majid, M. H. I. A. Muhdar, F. Rohman, and 1. Syamsuri, Konservasi hutan
mangrove di pesisir pantai Kota Ternate terintegrasi dengan kurikulum sekolah.
Jurnal Bioedukasi. 4, 2 (2016). DOI:10.33387/bioedu.v4i2.162

4, I. K. Ginantra, LK. Muksin, B. M. Suaskara, and M. Joni, Diversity and distribution
of mollusks at three zones of mangrove in Pajarakan, Bali, Indonesia.
BIODIVERSITAS. 21, 10 (2020). DOI:10.13057/biodiv/d211023

5. A. A. Putra, Rudianto, and C. S. U. Dewi, Analysis of the ability of mangrove
sequestration and carbon stock in Pejarakan village, Buleleng Regency, Bali. Jurnal
[lmu dan Teknologi Kelautan Tropis. 11, 3 (2019). DOI:10.29244/jitkt.v11i1.24049

6. I. N. Januarsa and O. M. Luthfi, Konservasi pantai berbasis masyarakat di Buleleng,
Bali. J. Eco. Soc. Fish. Mar. 4, 2 (2017). DOI:10.21776/ub.ecsofim.2017.004.02.08
7. F. A. Purnama, G. Yulianto, and R. Kurnia, Potensi kesesuaian dan daya dukung

kawasan pada ekosistem mangrove untuk kegiatan ekowisata di Kawasan Pesisir Desa
Pejarakan. Jurnal Agribisnis Perikanan. 16 (2023). DOI: 10.52046/agrikan.v16i1.75-
82

8. R. Ahdiaty and D. Fitriana, Pengambilan sampel air Sungai Gajah Wong di Wilayah
Kota Yogyakarta. Ind. J. Chem. Anal. 3, 2 (2020). DOI:10.20885/ijca.vol3.iss2.art4

9. Y. Koniyo, Analisis kualitas air pada lokasi budidaya ikan air tawar di Kecamatan
Sumawa Tengah. Jtech. 8 (2020). DOI:10.30869/jtech.v8il.527

10.  [PPRI] Peraturan Pemerintah Republik Indonesia 2021 Peraturan Pemerintah
Republik Indoensia Nomor 22 Tahun 2021 Tentang Penyelenggaraan Perlindungan
dan Pengelolaan Lingkungan Hidup Jakarta pp 1-483

11.  C.I. A. A. Tresanayaputri, D. T. F. L. Batu, and Sulistiono, Heavy metals content (hg,
cd, pb, and cu) streaked spinefoot Siganus javus (Linnaeus, 1766) in Bojonegara
Waters, Banten Bay, Indonesia. E3S. Web. Conf. 322 (2021).
DOI:10.1051/e3sconf/202132201005

12.  A. N. Fathia, R. Rahmawati, and Tarno, Analisis klaster kecamatan di Kabupaten
Semarang berdasarkan potensi Desa menggunakan metode ward dan single linkage.
Jurnal Gaussia. 5, 4 (2016). DOI:10.14710/j.gauss.5.4.801-810

13. V. Nellie, V. C. Mawardi, and N. J. Perdana, Implementasi metode agglomerative
hierarchical clustering untuk sistem rekomendasi film. Jurnal Ilmu Komputer dan
Sistem Informasi. 11 (2023). DOI:10.24912/jiksi.v11i1.24070

14. E. K. Sari and O.E. Wijaya, Penentuan status mutu air dengan metode indeks
pencemaran dan strategi pengendalian pencemaran Sungai Ogan Kabupaten Ogan
Komering Ulu. Jurnal Ilmu Lingkungan. 17,3 (2019). DOI:10.14710/jil.17.3.486-491

15.  [KLH] Kementerian Lingkungan Hidup 2003 Keputusan Menteri Negara Lingkungan
Hidup Nomor 115 Tentang Pedoman Penentuan Status Mutu Air. Jakarta pp 1-15

13



BIO Web of Conferences 136, 03001 (2024) https://doi.org/10.1051/bioconf/202413603001
ISFM XIII 2024

16.  A.Mahmud, A. Satria, and R. A. Kinseng, Zonasi konservasi untuk siapa? pengaturan
perairan laut Taman Nasional Bali Barat. Jurnal Ilmu Sosial dan Ilmu Politik. 18, 3
(2015). DOI:1022146/jsp.13141

17.  R. P. Syury, I. G. B. S. Dharma, and E. Faiqoh, Diversitas makrozoobentos
berdasarkan perbedaan substrat di kawasan ekosistem mangrove Desa Pejarakan,
Buleleng. J. Mar. Res. Tech. 2 (2019). DOI:10.24843/JMRT.2019.v02.i101.p01

18.  N. H. Omer, Water quality: science assessments and policy, (Intech Open, United
Kingdom, 2019). DOI:10.5772/intechopen.77531

19.  A.R. Scabra and D. N. Setyowati, Peningkatan mutu kualitas air untuk pembudidaya
ikan air tawar di Desa Gegerung Kabupaten Lombok Barat. Jurnal Abdi Insani LPPM
Umram. 6, 2 (2019). DOI:10.29303/abdiinsani.v6i2.243

20. M. H. Gholizadeh, A. M. Melesse, and L. Reddi, A comprehensive review on water
quality parameters estimation using remote sensing technique. Sensors. 16, 8 (2016).
DOI:10.3390/s16081298

21.  J.E. W. Sari, T. Prartono, and Sulistiono, 2023. Distribution of heavy metals in water
and sediment at the Bojonegara nearshore of Banten Bay, Indonesia. IOP. Conf. Ser.
Earth. Environ. Sci. 1251 (2023). DOI:10.1088/1755-1315/1251/1/012036

22.  H. Setiawan, Status ekologi hutan mangrove pada berbagai tingkat ketebalan. Jurnal
Penelitian Kehutanan Wallacea. 2, 2 (2013).
DOI:10.18330/jwallacea.2013.vol2iss2pp104-120

23. R Fitri and Z. N. A. H. Mutia, Kajian air Pantai Wong Polo menuju Desa Kota Pari.
Jurnal Multidisiplin I[lmu. 1, 2 (2022). DOI:10.31004/koloni.v1i2.92

24, M. F. 1. Rahman, H. Wibisana, and S. Zainab, Analisan dan pemetaan total padatan
terlarut di Pesisir Pantai Pasuruan dengan citra satelit terra modis. Jurnal Teknik Sipil.
16, 2 (2020). DOI:10.28932/jts.v16i2.2509

25. M. Mutmainah and I. Adnan, Water quality status at integrity area of Bungus Ocean
fishing port based on water classification. Aquasains. 6 (2017).
DOI:10.29122/jtl.v1911.2030

26. 1. G. Hendrawan, D. Uniluha, and 1. P. R. F. Maharta, Karakteristik total padatan
tersuspensi (total suspended solid) dan kekeruhan (turbidity) secara vertikal di
perairan  Teluk  Benoa, Bali. J. Mar. Aqu. Sci. 2 (2016).
DOI:10.24843/jmas.2016.v2.101.29-33

27.  N. A. Aziz, Yonvitner, S. Hariyadi, S. B. Agus, and I. W. Nurjaya, Profil sedimentasi
perairan pesisir Teluk Jakarta. J. Trop. Fish. Manage. 6 (2022).
DOI:10.29244/jppt.v6il.43452

28.  N. Khairunna, S. Agustina, I. Setiawan, Irwan, M. Ramadhaniaty, R. Sakinah, S.
Keumala, and K. Ondara, Status kualitas perairan utara Aceh ditinjau konsentrasi tss,
bods, dan do. Jurnal Kelautan dan Perikanan Indonesia. 1, 3 (2021)

29.  D.Irawan and L. Handayani, Studi kesesuaian kualitas perairan tambak ikan bandeng
(Chanos chanos) di Kawasan Ekowisata Mangrove Sungai Tatah. Jurnal Budidaya
Perairan. 9 (2021). DOI:10.35800/bdp.9.1.2021.30319

30. N. L. Said and S. Yudo, Status kualitas air di kolam bekas tambang batubara di
Tambang Satui, Kabupaten Tanah Laut, Kalimantan Selatan. Jurnal Teknologi
Lingkungan. 22 (2021). DOI:10.29122/jt1.v22il.3900

31.  V.R. A. Katili, K. Koroy, and M. Lukman, Kualitas perairan berdasarkan parameter
fisika kimia di Perairan Daruba Kabupaten Pulau Morotai. Jurnal Agribisnis
Perikanan. 12 (2020). DOI:10.29239/j.agrikan.13.2.412-418

32, N. K. Wardani, T. Prartono, and Sulistiono, Sediments quality based on geo-
accumulation index in heavy metals (pb, cu, and cd) of cengkok coastal waters, Banten
Bay. Jurnal Pendidikan IPA Indonesia. 9, 4 (2020). DOI:10.15294/jpii.v9ie.24908

14



BIO Web of Conferences 136, 03001 (2024) https://doi.org/10.1051/bioconf/202413603001
ISFM XIII 2024

33.  D. Ramayanti and U. Amna, Analisis parameter cod (chemical oxygen demand) dan
ph (potential hydrogen) limbah cair di PT. Pupuk Iskandar Muda (PT. PIM)
Lhokseumawe. Jurnal Kimia Sains dan Terapan. 1 (2019)

34.  G. S. N. Adnina, Rastina, and Sulistiono, Water pollution index based on Physical-
Chemical Parameters in Bojonegara Coastal Waters of Banten Bay, Indonesia. IOP.
Conf. Ser. Earth. Environ. Sci. 1251 (2023). DOI: 10.1088/1755-1315/1251/1/012023

35.  A.Priska, A. S. Piranti, and E. A. Riyanto, Kualitas air dan komunitas zooplankton di
kawasan Segara Anakan bagian timur, Cilacap. Jurnal BioEksakta. 2, 3 (2020).
DOI:10.20884/1.bioe.2020.2.3.3537

36.  Susiana, Analisis kualitas air ekosistem mangrove di Estuari Perancak, Bali. Jurnal
Ilmiah Agribisnis dan Perikanan. 8 (2015). DOI:10.29239/j.agrikan.8.1.42-49

37.  N. M. Heriyanto and S. Suharti, Kualitas perairan, kesuburan tanah dan kandungan
logam berat di hutan mangrove Nusa Penida, Bali. Jurnal Penelitian Hutan dan
Konservasi Alam. 16 (2019). DOI:10.20886/jphka.2019.16.1.25-53

38. L. Herdianti, K. Soewardi, and S. Hariyadi, Efektivitas penggunaan bakteri untuk
perbaikan kualitas air media budi daya udang vaname (Litopenaeus vannamel) super
intensif. Jurnal Ilmu Pertanian Indonesia. 20, 3 (2015). DOI:10.18343.jipi.20.3.265

39.  H. Ghaisani and K. Fadilah, Analisis kualitas air laut di sekitar Pelabuhan Tanjung
Perak, Kota Surabaya. Jurnal Wilayah, Kota dan Lingkungan Berkelanjutan. 2 (2023).
DOI:10.58169

40. M. A. Kusumaningtyas, R. Bramawanto, A. Daulat, and W. S. Pranowo, Kualitas
perairan Natuna pada musim transisi. Depik. 3 (2014). DOI:10.13170/depik.3.1.1277

41. D. A. A. Pebriani and A. P. W. K. Dewi, Analisis daya dukung perairan berdasarkan
kualitas air terhadap peluang budidaya abalon (Haliotis sp.) di Perairan Kutuh, Bali.
Jurnal Ilmu Perikanan. 7, 2 (2016). DOI:

42.  S.. Patty, H. Arfah, and M. S. Abdul, Zat hara (fosfat, nitrat), oksigen terlarut dan ph
kaitannya dengan kesuburan di Perairan Jikumerasa, Pulau Buru. Jurnal Pesisir dan
Laut Tropis. 1 (2015). DOI:10.35800/jplt.3.1.2015.9578

43.  B.Hamuna, R. H. R. Tanjung, Suwito, and H. K. Maury, Konsentrasi amoniak, nitrat
dan fosfat di perairan distrik Depapre, Kabupaten Jayapura. EnviroScienteae. 14, 2
(2018). DOI:10.20527/es.v14i1.4887

44.  N. L. G.R. Juliasih, D. Hidayat, M. P. Ersa and Rinawati, Penentuan kadar nitrit dan
nitrat pada perairan Teluk Lampung sebagai indikator kualitas lingkungan perairan.
Analyt. Environ. Chem. 2, 2 (2017). DOI:10.23960/aec.v2i2.2017.p

45.  Fathurrahman and Aunurohim, Kajian komposisi fitoplankton dan hubungannya
dengan lokasi budidaya kerang mutiara (Pinctada maxima) di perairan Sekotong,
Nusa  Tenggara  Barat.  Jurnal  Teknik  Pomits. 3, 2  (2014).
DOI:10.12962/j23373520.v3i2.7022

46. A. R. Widiardja, R. A. T. Nuaraini, and D. P. Wijayanti, Kesuburan perairan
berdasarkan kandungan nutrien pada ekosistem mangrove Desa Bedono, Demak. J.
Mar. Res. 10 (2021). DOI:10.14710/jmr.v1011.28480

47.  S. Asuhadi and A. Manan, Status mutu air Pelabuhan Panggulubelo berdasarkan
indeks storet dan indeks pencemaran. Jurnal Kelautan Nasional. 12, 2 (2018).
DOI:10.15578/jkn.v13i2.6475

48.  A.R.F.Karil, M. Yusuf, and L. Maslukah, Studi sebaran konsentrasi nitrat dan fosfat
di perairan Teluk Ujungbatu Jepara. Jurnal Oseanografi. 4, 2 (2015).

49. Y. C. Frederika, Y. N. Ihsan, and I. Riyantini, Nutrient profile and mangrove
vegetation composition in coastal waters in Indramayu. SPERMONDE. 7 (2021).
DOI:10.20956/jiks.v7i1.12879

15



BIO Web of Conferences 136, 03001 (2024) https://doi.org/10.1051/bioconf/202413603001
ISFM X111 2024

50. G. Guntur, A. T. Yanuar, S. H. J. Sari, A. Kurniawan, Analisis kualitas perairn
berdasarkan metode indeks pencemaran di Pesisir Timur Kota Surabaya. Jurnal Ilmu-
Ilmu Perairan, Pesisir, dan Perikanan. 6 (2017). DOI:10.13170/depik.6.1.5709

16



