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Abstract

Milkfish cultivation becomes the main livelihood of farmers in coastal areas. However, the land for milkfish cultivation
is shrinking due to land use for settlements, industries, and sea-level rise. A Stick-net cage is an aquaculture solution in
limited space for an inland fishpond. It can be placed in seashore areas while maintaining the quality of the aquatic
environment and nutrient circulation. This study aims to analyze water compatibility in the stick-net cage areas for
supporting sustainable aquaculture activities. An exploratory observational study was conducted in Tanjung Mas Village,
Semarang, Central Java, Indonesia. Ten sampling areas were determined purposively by considering the point locations
toward household wastewater and industrial outfalls. Based on these criteria, the ten stations used as sample areas were
divided into industrial outfall areas (1% - 5"station) and areas close to the open sea (6" - 10" station). Physical parameters
in the sampling areas, including temperature, water-current, turbidity, and clearness, met seawater standards for milkfish
cultivation. Chemical indicators, such as NHy and P in water, were very high, which may be caused by domestic and
industrial waste contamination and increased organic fermentation activity on the seabed. However, the existing stick-
net cages have exceeded the capacity of the coastal water areas. In general, the physicochemical parameters in the
Tanjung Mas water area are suitable for milkfish cultivation. However, it is necessary to reduce the amount of pond
density to give growth space for milkfish. In addition, wastewater management and treatment plants should be built up
to reduce water contamination.

Keywords: coastal management, sustainable livelihood, water compatibility

INTRODUCTION mangroves. The depth of fishponds ranges from
one to three meters, so dredging must continue
due to sedimentation. The quality of the inland
pond water is strongly influenced by fresh-water
circulation and river flow. Over the last ten years,
abrasion has caused a shift in the coastline in
Semarang by more than 0.5 km (Irsadi et al.,
2019) and the loss of ponds in coastal areas
(Andreas et al., 2018). In addition, the increase of

Semarang is a coastal city that produces milkfish
in Central Java, with 328.65 tons in 2020.
Milkfish is the main cultivated fish commodity in
Semarang and the livelihood for more than 1500
pond farmers with a total income of 6.32 trillion
per year (Central Java Statistics Agency [BPS],
2021). One area in Semarang that relies on
milkfish cultivation as its primary income source

is the fish-farmer community in Tanjung Mas.

Inland pond for milkfish cultivation is at risk of
being damaged by high waves and sea-level rise as
the effect of climate change (Ahmed et al., 2019).
In-land milkfish cultivation is practiced on
community land, in coastal areas that are
insulated by soil-embankment planted with

industry, housing, and commercial spaces have
decreased pond cultivation areas in Semarang. As
a result, milkfish farmers experience a decline in
milkfish production, threatening business stability
(Martuti et al., 2020) and lowering resilience
against climate change (Bosma et al, 2017
Purwaningsih & Hermawan, 2021), land-use
conflicts, and  potential threats from




anthropogenic factors, including industrial and
household waste (Henriksson et al., 2019). A case
study in the Tanjung Mas water area shows that
the high-risk milkfish cultivation due to climate
change and land-use conflict has prompted
milkfish farmers to change to using cages planted
in coastal waters.

An adaptation activity in milkfish cultivation has
been initiated by farmers in Tanjung Mas,
Semarang, who take initiation to build stick-net
cages (Keramba Jaring Tancap [KJT]) in shallow
water areas. KJT is arranged using bamboo sticks
stuck to the seabed and installed with the net on
the edges to the bottom. Furthermore, KJT is a
community adaptation product in facing climate
change which reduces their income. However,
this solution is developed more based on the large
profits obtained from aquaculture but ignoring
environmental sustainability. Even though, this
cultivation technique is claimed to be able to
maintain water quality, nutrient circulation, and
physical conditions to support milkfish growth
(Sambu, 2017). Therefore, a study on the
importance of assessing the environmental
conditions and the effect of KJT on water bodies
needs to be conducted.

An assessment about environmental sustainability
and the effect of KJT in the Tanjung Mas water
area is rarity conducted, whereas the delta area in
that area becomes an outlet for domestic and
industrial waste. The waste pollution may
interfere with milkfish growth during cultivation.
Furthermore, technology transformation from
inland milkfish cultivation to KJT needs to be
studied in-depth, especially the factors affecting
pond water quality (Ganesh et al., 2020). In
addition, chemical and organic contamination
may increase in the estuarine ecosystem that
affects fish growth because of replaced cultivation
activity. In recent studies, the anthropogenic
factors, such as chemical pesticides, drugs (Chang
et al., 2019), and feed (Srithongouthai & Tada,
2017y in milkfish cultivation affects the
physicochemical conditions of the aquatic
ecosystem.

Inland aquaculture practice currently ignores the
carrying capacity of the aquatic environment,
which causes a decline in the estuary ecosystem
quality (Gusmawati et al., 2018; Hukom et al.,
2020; Proisy et al., 2018). Hence, aquaculture
management strategies using KJT must be
conducted in line with the principle of sustainable
development through balancing the social aspects,
€CONOMmic  resourIces management, and
environmental sustainability (Boyd et al., 2020).
Therefore, this study aims to analyze the
suitability of water conditions and biophysical
aspects to support sustainable aquaculture
activities in the Tanjung Mas coastal area. This
study is expected to raise awareness among
aquaculture actors regarding the suitability of the
coastal area in their territory.

METHOD

This research was an explorational
observation conducted in the KJT aquaculture
area, administratively included in the Tanjung
Mas, Semarang, Central Java, Indonesia. Data
were taken in June — August or during the dry
season to photograph the pond water original
condition accurately.

Sampling site determination.

Sampling was carried out at 10 points spread from
the end of the Mati River to the vicinity of the KJT
location at the river's delta. The sample point was
determined purposively by considering 1) the
location of household wastewater discharge, the
outfall of industries around the river, and the site
of the KJT. Based on these criteria, the 10 sample
area points were divided into 1) industrial waste
and outfall areas (points 1-5), as assumed that the
waters are directly contaminated by sewage, and
2) the areas close to the open sea (points 6-10), as
assumed that the open sea has a mechanism to
eliminate the waste as an effect of the ocean
currents (Figure 1).
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Figure 1. Map of the location for determining the water suitability analysis sample

‘Water samples were collected compositely from
the pond area by taking 1 L of water each from
five points or sides and the pond center. The water
was then combined and homogenized before
being used for further analysis. The water samples
are stored in dark bottles to avoid chemical
damage and physical changes due to light.

Table 1. Water suitability analysis (Site Capability)

‘Water Suitability Analysis

Data on water conditions that support milkfish
cultivation in this study were grouped into two
parameters, physical and chemical (Table 1). The
parameters were selected from the Government
Regulation (PP) No. 22 of 2021 about seawater
quality standards for cultivation (Table 1).

Physicochemical  Scoring assumption and instrument Parameter values ~ Rubric  Weight
parameters (n) () Score™ (W)
Seawater depth Sea depths between 0 - 10 provide <5 5 3
(m) circulation of nutrients and plankton 5_10 3

needed for fish growth -

Measurement tool: roller metline, in situ 210 1
Light penetration Minimum light penetration for milkfish <3 5 1
(cm) cultivation ranges from 30— 40 cm. 3_5 3

Measurement tool: Secchi disk >5 1
Turbidity (NTU)  Turbidity is related to the penetration of <5 5 1

light needed by phytoplankton for S 5.20 3

photosynthesis. A  reasonable water -

threshold is < 5. > 20 1

Measurement tool: multiparameter water

quality analyzer, in situ
Water  current Current plays a role in water circulation, 20— 40 5 3
(m/s) which affects t}.'le amount of dissolved 10-<200r>40— 3

oxygen and nutrients in the water. 70

Measurement tool: water current meter <100r>70 1
Temperature (C) The optimum temperature for milkfish 28 — 30 5 2

: o _ 0
growth is between 23 °C — 35 °C. Water 26— <28 or 3




Physicochemical ~ Scoring assumption and instrument Parameter values =~ Rubric Weight
parameters (n) (S)) Score™ (W)
temperature affects the growth and > 30-31
development of milkfish. <% or >3l 1
Measurement tool: multiparameter water
quality analyzer, in situ
DO (mg/1) DO levels suitable for marine life are inthe =5 5 3
range of > 5 mg/L or4 — § ppm >3.<5 3
Measurement tool: multiparameter water <3 1
quality analyzer, in situ
pH A good pH value in milkfish cultivationis 7.5-8 5 2
between 6.5 9. 7-<7.50r 3
>8-8.5
Measurement tool: pH meter <7or>85 1
Salinity (%) Good salinity for milkfish cultivation 29-31 5 2
ranges from 0-35. 27 <29 or 3
>31-33
Measurement tool: refractometer <27 0r >33 1
Nitrate (mg/L) Phytoplankton can grow optimally at a < 0.008 5 1
nitrate content of 0.9 * 3.5 mg/1, while at
concentrations below 0.01 or above 4.5 0.008 - 0.4 3
mg/l, it can be a limiting factor for > 04 1
phytoplankton growth.
Measurement tool: multiparameter water
quality analyzer, Laboratory analysis
Nitrite (mg/L) High nitrite causes a decrease in water pH 0 5 1
and is toxic to marine biota
< 0.1 3
Measurement tool: multiparameter water
; . =0.1 1
quality analyzer, Laboratory analysis
Phosphate Total Itis needed for the growth and metabolism < 0.014 5 2
(mg/L) of phytoplankton and marine organisms. 0.015-<0.8 3
Measurement tool: multiparameter water
: . >038 1
quality analyzer, Laboratory analysis
Ammonia The lethal concentration (LC50) of 0-02 5 1
(mg/L) ammonia is 1.10 to 22.8 ppm resulting in ~02-05 3
5% mortality and 20% growth reduction for e
cultured fish >05 1
Measurement tool: multiparameter water
quality analyzer, Laboratory analysis
BOD (mg/L) The level of pollution is categorized low if < 10 5 1
the BOD value is 0 — 10 mg/L, while the > 10-45 3
level of pollution is moderate if it is 10— 20 -
mg/1, and high polluted for > 20 mg/L. =45 1
Measurement tool: multiparameter water
quality analyzer, Laboratory analysis
Seabed materials Gravel 5 2
Grit-silt (muddy) 3




Physicochemical ~ Scoring assumption and instrument

parameters (n)

Parameter values =~ Rubric Weight
(Sw) Score” (W)

The media affect the survival of milkfish; Silt 1

thus it affects the success

enlargement business.

of the

Measurement tool: Ekman grab, in situ

Note: * The parameter was adapted Government Regulation (PP) No. 22 of 2021 and modified from Kumar

et al. (2017); Olatayo (2014),

~ Physicochemical parameters that are considered essential and dominant give greater weight in

affecting milkfish growth.

To obtain seawater compatibility value (SC), it
was measured from summaries of the weight (W)
score that multiplied by the parameter score (S;)

SC= T(Sn X W) oo e

Table 2. Water suitability classification criteria

for each parameter (n) (Equation 1). The seawater
compatibility interval class (Table 2).

Status Code Scoring Criteria Compatibility Status
S1 > 146.7 Excellent
S2 93.3-146.7 Proper
N <93.3 Improper
RESULT AND DISCUSSION conduct aquaculture business as a side job when

Previously, aquaculture in Tanjung Mas was
carried out using inland ponds with embankments
directly bordering the sea or other ponds.
However, in the early 2000s, this activity began to
be abandoned because damaged by abrasion and
sea-level rise (Surya et al., 2019). Based on the
interview, the KJT system was first developed in
Tanjung Mas by local farmers in 2008 as an
adaptive strategy against destructed inland
cultivation. Currently, most of the farmers

the fishing season is disturbed by weather.
However, because milkfish cultivation profit was
higher than catching fish, the KJT system became
popular and made the farmers shift their main job
as Fishermans on KJT cultivation. KJT is made
using bamboos construction that is plugged into a
seabed forming a cage block. The nets used by the
farmers have hole diameters ranging from 0.5 cm
— 0.5 cm for nursery and 1 cm — 1 cm for
enlargement (Figure 2).
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Figure 2. Detailed design of stick-net cage specification used for milkfish cultivation in Tanjung Mas: A)
existing stick-net cage; B) upper view of the net-cage; B) construction design; C) material
specification; D) net position on the seabed.

KJT using three layers of nets surround a 1 ha of for milkfish and reduces additional fed for
fishpond with a depth of 3 m. It takes about five cultivation (Comejo et al., 2020). Pollutants from
rollers of net sizing 30 m x 5 m. The advantage of outside and ammonia from feed fermentation
using KJT is the capability of the construction inside the cage circulate in the pond, as illustrated
model that supports nutrient circulation in the in Figure 3 (Cha & Lee, 2018).

seawater. It makes the availability of natural feed
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Figure 3. Materials flow illustration through net-cage construction
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KIJT disadvantages are performed by uncontrolled
physicochemical conditions inside the cage and
are adequately dependent on natural factors.
Consequently, the farmers cannot adjust water
conditions to speed up milkfish growth. It is
necessary to maintain the optimal physical and
chemical conditions in the environment according
to the age of the milkfish to get optimal growth
(Failaman et al., 2021; Mandal et al., 2018).

Seawater aquaculture requires appropriate
environmental conditions that support the growth
and development of milkfish. In addition, KJT in
Tanjung Mas is placed around industrial and
household waste streams that contain toxic
contaminants that may interfere with milkfish
growth or are inappropriate for human

consumption. On the other hand, milkfish
cultivation may also impact the condition of the
seawaters around the pond due to feed and
milkfish manure that settles at the pond seabed.

Water Suitability Analysis to Support KJT
System Cultivation

The carrying capacity of the seawater
environment is determining factor for milkfish
cultivation. Physically, the Mati River's estuary
(the only river in Tanjung Mas) supports milkfish
cultivation. However, the differences in the
milkfish pond's physical conditions, including
water current, temperature, seabed substrate
conditions, are observed as illustrated in Figure 4.

Figure 4 Physical condition of the research sites in Tanjung Mas: A) water current; B) light penetration; C)
temperature and D) seabed sediment in Tanjung Mas fishpond areas.

The seawater depth varies between 4 m — 6 m;
however, it is still suitable for milkfish cultivation.
Milkfish juveniles will generally live in the
shallow seawater for two to three weeks, then
migrate to mangrove forests, river estuaries, or
lakes. The adult will return to the sea to breed.
Meanwhile, the substrate samples in Tanjung Mas
seawaters range from silt to gravel containing shell
fragments and sand. However, the seabed
substrate does not directly affect the milkfish

growth because the KJT system is placed on the
open seas with nets to a maximum depth of 3 m
(field observation). This is in contrast to the inland
ponds in the Semarang coastal area, which only
have a depth from 1 m up to 1.5 m that makes
milkfish directly in contact with the bottom
substrate of the seawaters.

Light penetration of water brightness (low debris)
indicates good conditions to support milkfish
cultivation, even though it is in the industrial and




household waste disposal system. The light
penetration  significantly correlates to the
photosynthesis rate of phytoplankton in providing
natural feed for milkfish growth. The abundance
of phytoplankton is also supported by relatively
low water current and calming waves that keep
the water clear from seabed substrate. The
seawater current speed in Tanjung Mas ranges
around 10 m/s —25 m/s and is categorized as low
water flow. The coastal area in Tanjung Mas is an
estuary of the Mati River that has a low discharge
because the water sources only come from city
drainage and water polder. Water current plays a
vital role in nutrient circulation, carrying
dissolved and suspended materials, feed
distribution, total oxygen solubility, and salinity.
Tanjung Mas has seawater with a salinity level of
30%o — 34%o, which supports milkfish cultivation.
Salinity conditions in Tanjung Mas are not much
different from the average salinity value of
Indonesian waters ranging from 32%o — 34%. (Hu
et al., 2019). Fluctuations in salinity levels are
caused by the high evaporation rate of the surface
waters in the east monsoon and rainfall, especially
in the west monsoon season (Ratnawati et al.,
2018) and the discharge of river water that enters
the ocean (Hamzah et al., 2020). Their statement
is in line with this research that the first
observation station has a lower salinity because it
is located in the delta flow of the Mati River.

The water temperature of the KJT location in
Tanjung Mas ranges between 31°C — 37°C. This
temperature is not suitable for milkfish cultivation
because the optimal temperature for milkfish
growth goes from 27°C — 30°C (Astuti & Warsa,
2020). The high temperature in the KJT areas may
be influenced by the long dry season that increases
the water surface temperature due to the high
intensity of sunlight. Temperatures that are too
high or too low directly affect milkfish foraging
behavior, reduce sensitivity and inhibit juvenile
growth (Failaman etal., 2021; Hankeetal., 2019).
An increase in temperature raises the
decomposition and fermentation of organic
matter, producing ammonia that is toxic to fish.
The temperature rise also causes stratification or
coating of water, which affects the mixing of
seabed material and disturbs nutrition distribution
(Li et al., 2020). However, the temperature is also
needed in oxygen mixing from the surface to the
deep waters (Lobine et al, 2021). Seawater
temperature also affects surface currents, the
distribution of plankton, and the survival of
marine life to control the condition of aquatic
ecosystems.

An increase in water temperature affects the
metabolism and respiration of aquatic organisms
and further increases oxygen consumption
(Bonachea, 2021; Nie et al., 2017). An increase in
water temperature of 10 C causes an increase in
oxygen consumption by aquatic organisms about
2-3 times. However, an increase in temperature
accompanied by a decrease in dissolved oxygen
levels is often unable to meet the oxygen needs of
aquatic organisms to carry out metabolism, thus it
affects their growth (Audzijonyte et al., 2019; Das
et al., 2018; Nelson, 2016; van Rijn et al., 2017).
Physical conditions may affect the chemical
requirements of pond waters. The analysis of
chemical parameters shows that in addition to
natural physical factors, anthropogenic activities
also cause chemical conditions between pond
areas. The measurement results show varying
values (Table 3) and uneven distribution for each
physical and chemical parameter (Figure 4 & 5) at
each observation station.
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Figure 5. Chemical factors condition of the research site in Tanjung Mas: A) ammonia distribution; B)
BOD level; C) DO; D) nitrate; E) nitrite; F) pH; G) phosphate; H) salinity of Tanjung Mas

Many chemical factors in the KJT aquatic
environment are suitable for milkfish growth.
Furthermore, dissolved oxygen (DO) levels meet
seawater quality standards and support the
development of cultured fish. Adequate dissolved
oxygen levels may be produced from plankton
photosynthesis and air diffusion (Horak et al.,
2018). In addition, oxygen is a limiting factor for
water quality because it plays an essential role in
the fermentation of organic and inorganic
materials at the seabed (Orsi, 2018).

The needed O: for decomposition and
fermentation can be identified from biochemical
oxygen demand (BOD) content. A higher
concentration in the fishpond indicates the
possibility of high organic matter in the waters
(Jorgensen & Marshall, 2016). The results of BOD
measurements at ten observation stations show a
value of 124.7 mg/L — 364.5 mg/L, especially at
stations 3 — 9. Based on the BOD criteria, the
seawaters around Tanjung Mas are classified as
high polluted by organic compounds. [t is
probably caused by the decomposition process of
milkfish feed, which is sedimented at the seabed.
In addition, the map (Figure 4B) shows that high
BOD concentrations are distributed mainly near
the industrial outfall areas even though the pH
around the Tanjung Mas water area is in the
neutral range of 6 — 7 and supports milkfish
cultivation. In nature, the pH value ranges from 4
— 9, where the unbalancing of the pH affects
aquaculture fish or the presence of seawater
organisms.

The fermentation process of organic materials
releases N into seawaters in the form of nitrate
(NO3), nitrite (NO1), and ammonia (NHy) (Oshiki
et al, 2016; Spataru, 2021, 2017). The
concentration of NOsin Tanjung Mas ranges from
0.3947 mg/L - 0.9386 mg/L, while nitrite 0.0058
mg/L —0.0338 mg/L, and ammonia 0.073 mg/L
— 1.568 mg/L. High concentrations of NO; and
NO: in the seawaters can stimulate the growth
and development of phytoplankton and become
an indicator of fishpond fertility (Hardikar et al.,
2019). NO, is also an indicator of decreasing N
contamination because its formation comes from
the oxidation of NH; which is toxic. Then, an

fishpond areas.

availability of NO: comes from the oxidation of
NH; to NO, camried out by Nitrosomonas
bacteria, while the oxidation of NO; to NO; is
carried out by Nitrobacter (Santoro et al., 2021).
NO:- is usually found in lower amounts than NO;
because it is unstable and easily reacts with
oxygen.

The findings obtained in this study show that the
measured NHi levels are quite high at seven
observation stations (stations 1, 2, 3, 4, 5, 6, and
10). The location is at the Mati River, which
carries domestic waste from settlements. Organic
materials from domestic waste increase the rate of
decomposition and fermentation of organic
materials to produce NHa as a by-product. The
increase in NH, contamination is positively
correlated with anthropogenic factors, primarily
related to the residential, agricultural, livestock,
and industrial sectors (Bessa et al., 2021; Sproson
etal., 2021). In addition, the problem faced in the
Tanjung Mas water area is the lack of suitable
sanitation, which causes pollution and the balance
of the pond waters ecosystem.

Low NH, concentrations were measured at
stations 7, 8, and 9 because they are located far
from settlements and industrial outfall, have more
than 5 m depth, and are near the open sea. This
condition improves water circulation due to ocean
currents and a more homogeneous seawater
diffusion process.

Domestic waste may be one of the main factors
that increase phosphate concentrations in the KJT
water area. Various studies have shown that
human activities, including household waste,
have increased the concentration of contaminants
in the oceans, such as nitrogen (Jickells et al.,
2017), phosphate (Badawy et al, 2018;
Thiombane et al., 2019), and heavy metals (Bessa
etal., 2021; Chu et al., 2019). It is indicated by the
distribution of phosphate levels at stations 1 to 5,
which is higher than the other five observation
stations. Phosphate is a nutrient that is a
determining factor in phytoplankton in the sea
and is usually found in the form of organic
compounds (Bristow et al., 2017).
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Figure 6. Compatibility for milkfish cultivation in Tanjung Mas water area based on the observation

The water compatibility value (Figure 6) shows
that all observation stations are categorized at the
proper level (S2). It indicates that the Tanjung
Mas water area is sufficient and can be developed
as a KJT cultivation area. However, limiting
factors require special attention to increasing
milkfish productivity, such as N and P levels and
BOD.

Analysis of KJT System Carrying Capacity
Based on Waters Capacity

The total area of potential waters in the Tanjung
Mas for KJT is 119.51 Ha, but referring to the
government regulation, it is only 20% that can be
used for aquaculture. Then the optimum area for
the KJT aquaculture system that can be developed
is only about 23,902 Ha. However, based on the
observation, the existence of KJT has
overcapacity. Twenty-two cages occupy it with
more than 53.45 Ha of water area. Furthermore,
the utilization of the waters has exceeded the
carrying capacity because the practical potential
of the water area for the KJT system is only 2.4
cage/ Ha for only ten cage units. Therefore, it is
necessary to reduce the number of KJT units by
looking at the existing conditions.

High occupied water areas with dense cultured
milkfish may overshoot the water's capacity and

station.

potentially trigger mass death of the marine
organism. The condition of the waters directly
adjacent to the sea provides an advantage for
faster purification. However, the continuous input
of domestic and industrial pollutants and low river
discharge resulted in a low nature purification
rate. It must be a common concemn, considering
that the waters in the KJT area are the output of
several waste installations from the community
(domestic) and industries.

Physiochemistry and KJT management in
Tanjung Mas depicts new insight into milkfish
cultivation in polluted areas. The study results
show the potential of KJT as applicable
aquaculture in the face of climate change. KJT is
also superior to inland ponds because it can
guarantee the circulation of physicochemical and
nutrients to provide better opportunities for
adaptation to climate change. KJT is an adaptive
tool/effort for fish farmers to adapt the climate
change which reduces their income. A main
reason for using KJT in Tanjung Mas is more
caused by large profits obtained from aquaculture
using low-cost production. An interesting fact in
this study also shows that the community does not
yet have awareness about the implementation of
sustainable milkfish cultivation by concerning the
carrying capacity of the environment and product
quality. In other words, economic reasons take
precedence over health and environmental




suitability to produce profitable cultivation
commodities, even though, the KJT is
contaminated by domestic and industrial waste. It
needs an improvement of waste management
system from industrial and household by
providing sewage purification utilities and
scheduling waste disposal based on tidal
conditions after purification treatment.

CONCLUSION

In general, the physicochemical factors in
Tanjung Mas water areas are proper and support
milkfish cultivation. However, the existing
condition shows that water utilization for milkfish
aquaculture activities using KJT has exceeded the
carrying capacity. It potentially disturbs milkfish
growth and may lead to the unbalancing
ecosystem and trigger the death of the marine
organism, On the other hand, high pollution from
industries and household waste has become a
significant problem affecting milkfish growth and
becoming a health issue. High P and NH, are
primarily detected in the observation station near
the industrial outfall and the Mati River estuary,
containing domestic waste.
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