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Abstract. In the rapid development of marine fish farming in Mandeh Bay, water quality in the aquatic
environment is considered a major limiting factor. Floating net cage (FNC) cultivation activities are highly
dependent on water quality. The waters of Mandeh Bay have the potential to develop FNC cultivation
activities. Therefore, we analyzed the water quality physically, chemically, and biologically, analyzed the
sources of water pollution, and analyzed the status of water quality in the waters of Mandeh Bay. This
study aims to examine the status of water quality in grouper culture in FNC. Water quality data collection
was carried out by purposive sampling. Water quality data was then analyzed using the STORET method.
The results of the STORET calculation show that the water quality in the waters of Mandeh Bay is classified
as class D, in the bad category, or has been heavily polluted. Chemical parameters (nitrate and
orthophosphate) contribute the most to the pollution level. In the future, to make Mandeh Bay a grouper
cultivation area, special regulations are needed to minimize pollutant sources.
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Introduction. To meet the ever-increasing demand for fishery products due to declining
capture fishery production, increasing population, and changes in people's consumption of
healthier animal protein, the primary choice is the development of marine aquaculture. The
contribution of the marine aquaculture business is expected to increase the volume and
value of marine product exports and provide animal protein for the community to achieve
a balanced diet (animal and vegetable protein). Types of groupers widely cultivated include
batik grouper (Epinephelus polyphekadion syn. E. microdon), kertang grouper
(Epinephelus lanceolatus), sunuk grouper (Plectropomus leopardus), mud grouper
(Epinephelus bleekeri), tiger grouper (Epinephelus fuscoguttatus), duck grouper
(Cromileptes altivelis), cantang grouper (Epinephelus lanceolatus x Epinephelus
fuscoguttatus), pretty grouper (Epinephelus fuscoguttatus x Epinephelus microdon). In
Indonesia, grouper cultivation has been widely developed, especially in floating net cages.
In addition to the vast potential for developing marine aquaculture, the growth of grouper
is fast, the market price tends to be stable, and the demand for grouper exports is
increasing yearly.

Decreasing water quality can cause instability in the ecosystem, and the high
content of high organic waste will affect the phosphorus content in the sea. One of the
effects that can be caused by elevated phosphorus in the waters is the increased growth
of aquatic plants (Mylaparavu 2008). The water pollution problem is of particular concern
because if the content in waste exceeds the quality standard, it can cause chronic poisoning
(Napidérkowska-Krzebietke 2015; Napiorkowska-Krzebietke & Dunalska 2015). Water
quality standards consist of physical and chemical parameters such as biochemical oxygen
demand (BOD), temperature, electrical conductivity, nitrate, phosphorus, potassium,
dissolved oxygen, and heavy metals such as lead, chromium, iron, mercury etc.
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This study aims to analyse the water quality physically, chemically, and biologically,
to analyse the sources of water pollution, and to analyse the status of water quality in the
waters of Mandeh Bay.

Material and Method

Study site description. Teluk Mandeh (00059'00" - 01011'05" SL and 100019'00" -
100026'55" EL) is a very strategic area for life and economic development in Pesisir Selatan
Regency. The coastal area of Mandeh Bay is used as a source of nutritious food (capture
fisheries and aquaculture), dock activities, sea transportation routes, conservation areas,
and residential areas. This condition will continue, and it is feared that one day it will have
an impact on decreasing water quality. Population growth continues to increase,
accompanied by clearing of land for settlements and agricultural businesses that are not
well managed resulting in high sedimentation in several marine aquaculture areas in
Mandeh Bay, especially during the rainy season. Floods can carry various kinds of
household waste and sediments, generally in the form of solids that will immediately settle
on the bottom of the water, while other forms, such as colloids, are present in the water
column and they can cause a decrease in water quality.
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Figure 1. Sampling station in Floating Net Cages (FNC) (map source: Indonesia Geospatial Portal
2022).

In Mandeh Bay, most of the fish farming is done by the community using the floating net
cages (FNC) method. Every organism needs food to live, but organisms that are in a closed
system need not only food but also optimal water quality to promote growth. Fish in FNC
need not only food but also optimal water quality to promote growth. The problem that
always arises in the floating net cage cultivation system is environmental pollution caused
by various activities around the waters and the cultivation business itself. This pollution
can be in the form of physical-chemical and biological pollution. Although these physico-

AACL Bioflux, 2023, Volume 16, Issue 2. 1157
http://www.bioflux.com.ro/aacl



chemical and biological aspects have been studied, experts and water managers always
recommend that research on water pollution needs to be carried out on an ongoing basis
considering that environmental changes can occur at any time.

The study was conducted for 3 months, from January to March 2022 in the Marine
Fish Farming Waters of Mandeh Bay. Sampling was carried out at 3 (three) stations:
Station 1 (100023'30.5"E; 1011'28.6"S), Station 2 (100°23'38.545"E; 1°11'18.834"S)
and Station 3 (100°23'31.788"E; 1°11'39.502"S) (Figure 1).

Data collection. This research includes field and secondary data collection, processing,
analysis, and interpretation of data. The research station consisted of 3 (three) stations
which were determined based on purposive sampling. A sampling of water in the waters of
Mandeh Bay was carried out using a Nansen bottle. Analyzes were carried out in site and
in the laboratory. This research station is determined based on the location that is
considered to represent the general condition of the research location and refers to the
standard criteria for living conditions of marine fish commodities such as Epinephelus sp.
Water quality parameters measured at each research station consisted of physical
parameters (temperature, brightness, turbidity, total suspended solids), chemical (salinity,
pH, dissolved oxygen, biochemical oxygen demand, chemical oxygen demand, ammonia,
nitrate, orthophosphate), and biology (bacteria). Field observations were carried out to
identify sources of pollution, and to identify community activities around the bay that have
the potential to cause pollution.

Data analysis. The data that has been obtained, was analyzed and presented
descriptively. To find out the status of water quality at several locations that will be
determined for the cultivation of Floating Net Cages (FNC) in Mandeh Bay, the parameter
data obtained are compared with the quality standards designated for marine biota and
are presented in Table 1 (Government Regulation of the Republic of Indonesia Number 22
of 2021).

Table 1
Water quality parameters required for fish farming in FNC
No Parameter Unit Quality standards*
1 Temperature °C 28-31
2 Brightness m >5
3 Turbidity NTU <5
4 TSS mg L? <20
5 Salinity %0 28-34
6 pH - 7-8,5
7 DO mg L? >5
8 BOD mg L* 20
9 COoD mg L? 20
10 Ammonia mg L? 0.3
11 Nitrate mg L? 0.006
12 Orthophosphate mg L? 0.015
13 Hydrogen sulfide mg L? 0.01
14 Fecal coliform CFU/100 mL -

Note: *Government Regulation of the Republic of Indonesia Number 22 of 2021, concerning the implementation
of environmental protection and management which is intended for marine biota.

The principle of the STORET method is to compare water quality data with water quality
standards adapted to its designation to determine the status of water quality (Ministry of
Environment Decree 115 of 2003). To determine the status of water quality the value
system of the USEPA (1978) is used, by classifying water quality into four classes (Table
2).
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Table 2
Pollution score and status with STORET Index based on scoring system by USEPA (1978)

Class Criteria Score
A Very good condition 0
B Good condition -1<score<-10
C Moderately good condition -11<score<-30
D Bad condition >-31

If the measurement results meet the water quality standard value, then it is given a score
of 0. If the measurement result does not meet the water quality standard value
(measurement result > quality standard), then the table score is given according to Table
3. The negative sum of all parameters is calculated, and the quality status is determined
from the number of scores obtained using the value system.

Table 3
Water quality scoring status by STORET Index (Canter 1977)
Number of Score Parameter
samples Physical Chemical Biological

Maximum -1 -2 -3

<10 Minimum -1 -2 -3
Mean -3 -6 -9

Maximum -2 -4 -6

> 10 Minimum -2 -4 -6
Mean -6 -12 -18

Results and Discussion. The waters of Mandeh Bay have a strategic location for marine
aquaculture activities due to its location, which is protected from big waves. So, it is
suitable to be developed as a floating net cage cultivation location. In grouper cultivation
activities, water quality is one of the most important parameters because it is a factor that
affects the availability of natural food, namely plankton. For this reason, water quality
monitoring is necessary to support fishery activities (Table 4). Grouper fish (Epinephelus
sp.) need a comfortable environment to live healthy, grow optimally, and reproduce. If the
environment does not meet the requirements, fish can experience stress and be susceptible
to disease, which will lead to death.

Table 4
Water quality in grouper culture using floating net cages in the waters of Mandeh Bay

Measurement results

No Parameter Units - — Quality standards*
Maximum Minimum
1 Temperature °C 30.9 28.4 28-31
2 Brightness m 17.8 16.3 >3
3 Turbidity NTU 3.8 3.2 5
4 TSS mg L? 7.81 6.99 20
5 Salinity %o 33.5 32.9 28-34
6 pH - 7.94 7.46 7-8.5
7 DO mg L 7.5 7.3 >5
8 BOD mg L? 12.38 11.23 <20
9 CoD mg L 14.1 12.3 <20
10 Ammonia mg L? 0.024 0.021 <0.3
11 Nitrate mg L 0.027 0.025 0.015
12 Orthophosphate mg L? 0.395 0.105 0.3
13 Hydrogen sulfide mg L* 0.009 0.006 0.006
14 Fecal coliform CFU/100 mL 200 108 0.01

Note: *Government Regulation of the Republic of Indonesia Number 22 of (2021), concerning the
implementation of environmental protection and management which is intended for marine biota.
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Water quality analysis

Temperature. Grouper fish are poikilothermic aquatic animals, so their body temperature
will adjust to water temperature. This will affect behavior and metabolism. If the
temperature is low, it will result in low appetite, relatively slow metabolism, and slow
growth. Appetite, metabolism, and change will increase with the increase in water
temperature. However, if the temperature is too high, it will stress the fish, make them
sick, or susceptible to pathogens (diseases) and even death. For this reason, it is necessary
to have an optimum temperature for optimal fish life and maximum growth speed.

Based on Table 4, the water temperature range recorded for grouper culture sites
(28.4 - 30.9°C) is favorable and can support fisheries and aquatic life. The results of this
study are similar to the previous findings by Ofori-Danson and Ntow (2005) (29.3 -31.0
°C) and Karikari et al (2013) (27.9-29.7°C). Temperature is very influential on chemical
and biological processes. The general rules of chemical and physical reactions increase 2-
3 times for every 10°C increase. This means that fish can use twice as much or more DO
at 30°C than at 20°C. Therefore, the fish's need for oxygen will be more critical in higher
temperature water than in colder water.

Brightness and cloudiness. Brightness is one of the supporting factors in grouper
cultivation. Brightness is inversely related to cloudiness and depth. From Table 4, the
results of measurements of water brightness at all sampling locations varied between 16.3
-17.8 m. This value indicates that the waters of Mandeh Bay are quite feasible to be used
as a location for FNC because the water brightness required for FNC is around 3-5 m.
Effendi (2003) states that the value of the brightness of water is influenced by weather
conditions, measurement time, turbidity, and suspended solids, as well as the accuracy of
the person taking the measurement. The intensity of light will decrease as the depth
increases (Effendi 2003), and according to Buitrago et al (2005), the optimal condition of
the brightness of water for aquaculture is >3 m.

Brightness is closely related to turbidity (presence of sediment particles in the water
column). The higher the number of dissolved particles, the cloudier the water. From Table
4, the measurements of water turbidity at all sampling locations varied between 3.2 - 3.8
NTU. This value indicates that the waters of Mandeh Bay are suitable for grouper cultivation
in FNC.

Total Suspended Solid (TSS). Suspended solids in water significantly affect the
brightness of the water. The higher the number of suspended solids in water, the lower the
value of the brightness. The high value of suspended solids causes natural waters to
become more turbid and even form organic deposit at the bottom of the seas. This organic
matter deposition can reduce the oxygen content of waters through natural oxidation
processes, including microbial respiration and aerobic decomposition, which can harm
aquaculture biota. According to Effendi (2003), TSS consists of mud, fine sand, and micro-
organisms, mainly caused by soil erosion or soil erosion carried into water bodies. Clearing
top land for settlements results in soil erosion when it rains. It is evident in the color of the
waters in the coastal area, which turns brown due to the high soil particles entering the
seas.

From Table 4, the TSS value in the waters of Mandeh Bay is 6.99 - 7.81 mg L.
Based on Government Regulation of the Republic of Indonesia Number 22 of (2021), the
TSS value intended for seagrass and coral reef communities is 20 mg L, while for
mangroves, it is 80 mg L. In this study, the TSS value is still below the established quality
standard, so it can be said that it is feasible for grouper cultivation sites.

Salinity. Salinity is closely related to the osmotic pressure of water. The higher the salinity,
the higher the osmotic pressure of the water. The level of osmotic pressure required by
fish varies according to species, so salinity tolerance also varies. Fish that live in water with
a certain level of salinity should not be suddenly transferred to ponds with different levels
of water salinity, either higher or lower.
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The salinity tolerance range suitable for grouper culture is between 31 - 34 %eo.
Inappropriate salinity will result in grouper production not being optimal because it will
disrupt fish growth. Aditya et al (2001) said that large salinity fluctuations caused the
kidneys and gills to be unable to regulate the osmosis of bodily fluids. The salinity value in
the waters of the Bay of Mandeh is still within the tolerance limit for grouper culture, being
32.9-33.5 %o.

PH. The degree of acidity (pH) is influenced by multiple variables. The temperature at a
certain pH determines the availability or absorption of nutrients. Marine offshore and
coastal waters generally have a relatively more stable pH (7.7-8.4) due to buffer capacity
(Syamsuddin 2014). The buffer capacity of water that exceeds the input discharge, the pH
of the water will change (Selanno 2009), where most of the waste material comes from
household waste and other organic materials. In Table 3, the pH value ranges between
7.46 - 7.94. and is still in the optimal pH range of 7-8.5 (Government Regulation of the
Republic of Indonesia Number 22 of 2021), thus allowing grouper to live in an aquatic
environment that is appropriate.

Dissolved oxygen (DO). All organisms require oxygen, including fish, but not all waters
provide optimal amounts of oxygen. DO is one of the chemical parameters needed by all
aerobic organisms. Based on natural phenomena, water entering the waters of Mandeh
Bay at high tide can cause agitation of the water mass so that DO levels increase. Dissolved
oxygen in water comes from the diffusion of oxygen in the atmosphere, currents or water
flow through rainwater, and photosynthetic activity by aquatic plants and phytoplankton
(Novonty & Olem 1994). According to Table 4, DO levels range from 7.3 - 7.5 mg L%,
indicating that the DO value is at the quality standard that is set, which is > 5 mg L
(Government Regulation of the Republic of Indonesia Number 22 of 2021). The waters of
the Mandeh Bay are proper for grouper cultivation.

The DO value obtained at a depth of 5 m is higher than at a depth of 20 m.
Photosynthesis is suspected to occur in the upper layer so that the DO level will be higher
than in the lower layer. With increasing depth, there will be a decrease in dissolved oxygen
levels because the photosynthesis process is decreasing, and the oxygen content is widely
used for respiration and oxidation of organic and inorganic materials.

BOD and COD. Biochemical oxygen demand (BOD) is the oxygen required for biochemical
reactions during the decomposition of organic matter by bacteria (Connell & Miller 1984).
High BOD levels are related to organic matter. Conversely, if the BOD level is low, in that
case, a slight overhaul of organic matter, shown in Table 4, BOD levels are quite high in
the waters of Mandeh Bay (12.38 - 11.23 mg L), indicating that there has been a buildup
of organic matter originating from unutilized feed residues and water input from land to
the sea, bringing excess organic matter that increase BOD levels. Different from DO, high
BOD levels harm aerobic organisms, such as fish and other benthic fauna that use primary
substrates as a habitat. However, BOD levels in the waters of the Mandeh Bay are still
meet the quality standard.

The chemical oxygen demand (COD) analysis is used to determine the amount of
polluting organic matter in the water, so it is essential to decide on the water quality in mg
L organic solution, which is related to the input of sewage into the waters of Mandeh Bay
and affects the amount of oxygen consumption per liter of wastewater. The research data
shows that the COD (12.3 - 14.1 mg L!) in the waters of the Mandeh Bay still meets the
quality standard that has been set so that the water quality can be suitable for the location
of floating net cages. According to Effendi (2003), waters that have a COD value < 20 mg
L! are said to be unpolluted.

Ammonia and nitrate. Table 4 shows that the ammonia value is 0.021-0.024 mg L*! and
meets the established quality standard, which is <0.3 mg L1. The presence of ammonia is
thought to be due to the entry of domestic waste and runoff of agricultural fertilizers
(Effendi 2003).
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Nitrate is one of the essential nutrients in synthesizing animal and plant protein.
High nitrate concentrations in water can stimulate the growth and development of aquatic
organisms. Nitrate content is a determining factor in determining an aquaculture location's
feasibility. Nitrate content that can support fish cultivation recommended nitrate levels of
< 0.008 mg L (Akbar et al 2001). Landau (1995) stated that the required nitrate level is
between 0.02-0.4 mg L for cultivation purposes. In Table 4, the nitrate content in the
waters of Mandeh Bay is 0.025-0.027 mg L%, and this value exceeds the quality standard
for grouper cultivation. It is caused by activities from the mainland, considering this
location is close to residential areas. Cloern (2001) suggests that almost all nitrate in
marine waters comes from river flows produced by agricultural, industrial activities, and
household or resident waste.

In general, high levels of nitrate are often found in marine waters. Normal nitrate
levels in marine waters range from 0.001 to 0.007 mg L™ (Brotowidjoyo et al 1995). Nitrate
levels are also still good for coral growth. Nitrate levels in the waters of coral reef
ecosystems whose coral conditions are in the excellent category range from 0.003-0.071
mg L (Sutarna 1987).

Orthophosphate (PO4-P). Orthophosphate is an essential element as a nutrient for
aquatic organisms. Orthophosphate content is one indicator that describes the fertility of
water. The presence of orthophosphates in the seas is significant. However,
orthophosphate levels in marine waters are not needed in too much quantity. Increased
levels of orthophosphate in the oceans will cause eutrophication which triggers plankton
blooms resulting in a decrease in dissolved oxygen levels, followed by the emergence of
aerobic conditions that produce various toxic compounds such as nitrite, which causes the
death of aquatic organisms (Akbar et al 2001). In Table 4, the content of Orthophosphate
ranges from 0.105 to 0.395 mg L!, and this value has exceeded the threshold. It is
presumably due to activities originating from the mainland, such as household and
agricultural waste.

Hydrogen sulfide (H2S). H2S is a gas found in water from urban waste and agricultural
and industrial activities. Sulfate compounds from organic waste containing sulfur are
degraded anaerobically to form H2S. Furthermore, H2S is oxidized to sulfate, which comes
from the photosynthetic activity of bacteria. Sulfate compounds can also come from
industrial waste. Besides, it also comes from the results of the decomposition process of
organic substances by microorganisms. The toxicity of H2S depends on the pH of the
seawater. The lower the pH of the seawater, the higher the toxicity of H2S. Leftover feed
not consumed by cultured organisms is also a source of H2S due to the anaerobic
atmosphere that allows the oxidation of H2S. Efforts to prevent and control the impact of
hydrogen sulfide poisoning in aquaculture waters can be done by increasing the pH of the
water through liming and increasing the oxygen content of the seas by oxygenation.

The relationship between hydrogen sulfide and aquaculture is very closely related,
where increasing the concentration of non-ionized H2S above the threshold of 1 mg L! can
result in mass death of cultured organisms.

The maximum limit of H2S concentration that can be tolerated for cultivation
activities is only 0.002 mg L*!. From Table 4, the measurement results of the main water
quality parameters show that the pH of the water tends to be alkaline (7.46-7.94), and the
H2S value (0.006-0.009 mg L!) is within the optimal limit interval. It is shown by the
absence of unpleasant odors. Delicious taste that comes from H2S gas produced from the
decomposition process of organic matter (Muchlisin 2009).

Fecal coliform. From Table 4, the waters of Mandeh Bay contain E-Coli bacteria in varying
amounts within 108 - 200 CFU/100 m. Total coliform bacteria, fecal coliform bacteria, and
Escherichia coli are water quality indicators. Generally, E. coli bacteria are considered very
dangerous because their presence is directly related to fecal contamination (feces), which
causes diarrheal disease (Rice et al 1991). The people of Mandeh Bay prefer Mandeh Bay
as a marine cultivation area and tend to choose other recreation locations.
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Source of pollution. Some environmental factors strongly influence water quality in the
form of research data. Pollution is thought to be the leading cause, which in this study was
not measured, but considered an essential factor that has affected the water quality in
Mandeh Bay. These pollutant materials come from various sources. Based on the activity,
the origins of pollution estimated to occur at the location include household waste,
reclamation sedimentation, agricultural waste, and microorganism waste.

Household waste is one source of pollution associated with household activities. The
high population increase results in higher household waste generated. The action of
disposing waste originating from households is carried out every day so that if it is not
managed correctly, it will disrupt the ecological stability of the waters. Based on the
research results, it is estimated that all locations indicate household waste originating from
settlements, by utilization of water as a place for household disposal in the form of liquid
and solid waste. It is characterized by a high BOD value because many activities in
settlements increase the volume of liquid waste containing high organic matter to increase
the BOD value. Indeed, not all households dispose of their waste directly into the waters.
It is assumed that only homes located near the riverbank, which drains into the sea, the
beach, and the flow of rainwater are considered.

Clearing new land to expand residential areas or agricultural land can cause
siltation. If it is carried out in coastal areas, it is called reclamation, and affects the volume
of waste. Sedimentation occurs because, from time to time, a lot of sediment (particles of
sand, soil, and rock) is carried by rainwater from land to sea and settles on the bottom of
the water (Droppo et al 1997).

Pollution status. Table 5 shows the water quality in Mandeh Bay is classified as class D,
in the bad category, or has been badly polluted because the score is greater than 40. Under
these conditions, marine aquaculture activities, especially grouper cultivation, are
hazardous. The high intensity of utilization of Mandeh Bay waters as it is today indicates
that there is pollution in the seas of Mandeh Bay. The reality of this condition has spurred
all parties to take serious measures to deal with it. Therefore, the instrument for dealing
with this pollution problem must be described clearly. One of the steps to deal with it is
comprehensive marine spatial planning so that the proposed policy measures will greatly
assist efforts to restore water conditions.

Table 5
Status of water quality for grouper cultivation activities in the waters of Mandeh Bay
according to the STORET index method

Measurement results

No Parameter Unit Quality standards Max Min Mean Total score
1 Temperature °C Experience 30.9 28.4 30.15 0
2 Brightness m >5 17.8 16.3 17.05 0
3 Turbidity NTU <5 3.8 3.2 3.5 0
4 TSS mg L <20 7.81 6.99 7.4 0
5 Salinity %o0 Experience 33.5 32.9 33.2 0
6 pH - 7-8,5 7.94 7.46 7.7 0
7 DO mg L >5 7.5 7.3 7.4 0
8 BOD mg L1 <20 12.38 11.23 11.805 0
9 COoD mg L <20 14.1 12.3 13.2 0
10 Ammonia mg L 0,3 0.024 0.021 0.345 0
11 Nitrate mg L? 0.006 0.027 0.025 0.026 -20
12 Orthophosphate mg L 0.015 0.395 0.105 0.25 -20
13 Hydrogen sulfide mg L 0.01 0.009 0.006 0.0075 0
14 Fecal coliform CFU/100 mL - 108 200 154 -

Conclusions. It can be concluded that the results of a feasibility study on water quality
for grouper culture using floating net cages (FNC) in Mandeh Bay indicate that Mandeh Bay
is quite suitable as a location for fish cultivation in floating net cages. This is based on the
results of the analysis of several water quality parameters: temperature, brightness,
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turbidity, total suspended solids, salinity, pH, dissolved oxygen, biochemical oxygen
demand, chemical oxygen demand, ammonia, and bacteria, which are still below the
standard threshold. However, the value of nitrate and orthophosphate has exceeded the
specified quality standard. Several sources of pollution that affect the value of water quality
parameters identified come from household waste, reclamation, agricultural waste, and
microorganism waste. The STORET method shows that the water quality in the waters of
Mandeh Bay is classified as class D, in poor condition, or has been heavily polluted.
Currently, the utilization of Mandeh Bay is not only a cultivation area but has also been
used massively for other purposes such as ship traffic, ship mooring and repair locations,
and various other activities that are feared to interfere with cultivation activities. Based on
this analysis, further research, such as analysis of heavy metals and microplastics is
required. This is important because fish is as a source of protein that can serve as a
temporary medium which in turn transfers heavy metals to consumers. In the future, to
make Mandeh Bay a marine fish cultivation area with high economic value, special
regulations are needed that can minimize pollution sources and it is necessary to monitor
water quality regularly.
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