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ABSTRACT

Biological Oxygen Demand (BOD) is generally used for determining water pollution levels in bodies of water. Estuary is
a semi-enclosed body of water that can be polluted via land areas or rivers. This study was conducted to determine the
spatial distribution of water pollution levels in the Suwung Estuary in Bali based on BODs analyses conducted in January
and February 2016. Samples were taken in 20 points (19 points in the Suwung Estuary and 1 outside the Suwung Estuary
as control). BODs samples were then analysed in the laboratory. Our BODs analyses used the amperometric method
based on the National Field Manual for the Collection of Data Water-Quality, Chapter A7. BODs samples were taken at
all tide cycles, during low to high tide and high to low tide. BODs values ranged from 0.84 mg/1-9.47 mg/L duting low
to high tide and 0.96 mg/1-8.75 mg/L during high to low tide. The BODs concentration in Suwung Estuary showed
slight contamination during both tidal conditions. The spatial distribution of BODs concentration was higher around

cage aquacultures, rivers, the Suwung Landfill, and around the Benoa Harbour.
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INTRODUCTION

Suwung Estuary is a transitional area located
in the sub-district of South Denpasar, Bali. This
estuary is a habitat for mangrove vegetation
around 734.5 ha in size (Sari 2002). In addition,
Suwung Estuary is the location for several
activities, namely cage aquaculture in the north
eastern part of the estuary, landfill (Suwung
Landfill), and the Benoa Harbour in the
southern part of the estuary. These activities
may have been contributing pollutants in the
form of feeding residue and metabolic products
of fish in cage aquaculture areas, leachate
leakage from the landfill area, and oil spills from
harbour activities—all of which are likely to
affect Suwung Estuary’s water quality. Pollution
pressure can affect water quality, especially the
watet’s dissolved oxygen (DO). According to
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Hendrawan and Asai (2014), tides around the
Suwung Estuary have low flushing rates, with
only 30% of particles transported directly into
the sea. This condition has the potential to
reduce the quality of water around Suwung
Estuary.

Oxygen concentrations are among the
indicators of an estuary’s health in supporting
the life of aquatic organisms (NOAA 2007;
Ohrel & Register 2006). All living organisms
need oxygen to breathe and metabolize. In
addition, oxygen plays an important role in the
processes of oxidation and reduction of organic
and inorganic compounds into simpler non-
toxic substances (NOAA 2007; Salmin 2005).
The oxidation process of organic materials by
the organism is related to biological oxygen
demand (BOD).

BOD is defined as the amount of oxygen
required by organisms to break down organic
matter in aerobic conditions through biological
and chemical processes (Ohrel & Register 20006;
Henze & Yves 2008). BOD is also one of the
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indicators for determining water pollution levels
in water bodies and is an early warning for water
quality degradation (Sheldon & Alber 2011).
Because water is dynamic in nature, the
distribution of pollutants in estuarine waters is
much affected by tides. The fluid movement of
tides affects distribution patterns and organic
materials carried from the river. This study was
performed to determine water contamination
levels in Suwung Estuary, based on the estuary’s
BOD:s analysis as well as in terms of the
pollution’s spatial distribution.

MATERIALS AND METHODS

The water samples for BODs analysis were
collected in the Suwung Estuary area in January
and February 2016. There were 20 sample
points, 19 points in the Suwung Estuary area
and 1 point outside the estuary as control
(Fig. 1). The control sample was an area with no
activity and input from rivers, and with a high
flushing rate. Water samples were taken from
the surface in both low to high tide and high to
low tide conditions during the day. While taking
BODs water samples, we ensured that there
were no bubbles in each sample bottle, which
meant water sampling was taken below the
water’s surface. All samples were kept in a box
at a temperature of 4°C to minimize bacterial
activity.

Our BOD:s analysis was performed using the
amperometric method, referring to the standard
method contained in the National Field Manual
for the Collection of Data Water-Quality,
Chapter A7, by Delzer and McKenzie (2003).
Analyses were done in the laboratory of the
Faculty of Marine Sciences and Fisheries,
Udayana University. Nutrient solution (CaCl.,
FeCls, MgSO4 and phosphate buffer) and
dilution water were prepared before they were
mixed with BODs samples. These solutions had
to be prepared three to five days before starting
the test. It was necessary to mix these solutions
with the BODs samples when the BODs range
was larger than 7 mg/L. The anticipated BODs
range in this study was 6-21 mg/L, which meant
a 200-ml nutrient solution was needed for 100-
ml BODs samples. The DO meter was
calibrated before measuring the initial DO (D1)
and final DO (D2). After all BODs samples
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were treated with a nutrient solution and
measured using the DO meter, they were stored
in an incubator with a constant temperature of
20£1°C for five days. During incubation, all
samples was kept in dark bottles to prevent
photosynthetic microorganisms from reacting to
the sun, possibly adding oxygen concentrations
to the samples. The general BODs equation
from the initial DO (D1) and final DO (D2)

was:

BOD; (mg/1) = 21522

Where D; = initial DO of the sample,
D, = final DO of the sample after 5
days, and
P = decimal volumetric fraction of
sample used.

The BOD:s results were then compared to
water pollution levels, as categorized by
Wirosarjono (1974) iz Salmin (2005) (Table 1).

Table 1 Water pollution levels based on BOD values

Range of BOD value Pollution Level

(mg/L)
0-10 Low
10-20 Moderate
25 High

Spatial distribution of the BODs values in the
coastal waters of the Suwung Estuary was
displayed under three conditions, namely the
conditions of low to high tide, high to low tide
and the average of both tides. Spatial
distribution was mapped using the Inverse
Distance Weighted (IDW) method processed
using the QGIS software (version 2.4.0).
Suwung Estuary area is divided into two parts:
Southern (station 1-11) and Northeastern (point
12-19). There are two gulf mouths in Benoa Bay
as part of the estuary: mouth of Gulf I (in the
Northeastern part of the estuary) and mouth of
Gulf II (in the Southern part of the estuary).
The distribution of BODs values was indicated
by the difference in color thickness, with thicker
colors corresponding to higher BODs values.
Color levels were determined based on the range
of BODs values obtained. Based on the BODs
values, the following categories were made for
this study, from the lowest extensions to the
highest: very low (0-1 mg/L), low (>1-4 mg/L),



moderate (>4-6 mg/L), high (>6-8 mg/L) and
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very high (>8-10 mg/L).
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Figure 1 Distribution of the 20 sample stations in Suwung Estuary (19 stations inside the estuary and 1 outside)

RESULTS AND DISCUSSION

During sampling in January 2016, the
weather was sunny in all of the tide conditions.
In February 2016, it was rainy and cloudy during
almost all tide conditions. BODs values in the
Suwung Hstuary in these two months showed
that the estuary was classified as slightly
polluted. Contaminant input to the Suwung
Estuary tended to be low in concentration.

BOD:s distribution in January and February
was relatively high in the cage aquaculture area,
river mouth area, Suwung Landfill area and the
Benoa Harbour. The relatively high BODs was
not concentrated in one area, but rather shifted
with the succession of tides. The range of BODs
during the two months were 3.13 to 9.47 during
low to high tide and 2.73 to 8,86 mg/L during
high to low tide. Meanwhile, in the control
point, there were high BODs concentrations
during low to high tide in both months.

However, these concentrations were still lower
than BOD:s levels inside the Suwung Estuary.
Higher BODs concentrations inside the estuary
may have been caused by the input of organic
material from land and rivers around the estuary.
Most organic materials are donated through
input from rivers, and their concentrations were
high during the low tide.

In average, the spatial distribution of BODs
values in January 2016 in the Suwung Estuary
tended to be high. These results different from
average BODs value in February 2016, when the
distribution of BODs values was moderate in
the North eastern and Southern part of the
estuary. Moderate values were also seen around
the mouth of the river, cage aquaculture,
Suwung Landfill and Benoa harbour. According
to Lihawa (2014), the movement of sea water
causes the dilution that may be reducing the
distribution and concentration of pollutants.
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Figure 2 Spatial distribution in January 2016: (a) low to high tide and (b) high to low tide conditions
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Figure 3 Spatial distribution in February 2016: (a) low to high tide and (b) high to low tide conditions
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Figure 4 Average spatial distribution in (a) January 2016 and (b) February 2016

BOD:s value can be used to determine the
level of contamination in a body of water
(Cahyaningsih & Harsoyo 2010; Salmin 2005). A
high BODs concentration can cause an
anaerobic condition, which can in turn impact
the life of fish and other organisms (Mocuba
2010). Water pollution levels were categorized in
slight or low pollution (0-10 mg/L), medium

238

pollution (>10-20 mg/L) and high pollution
(>20 - 25 mg/L) (Wirosatjono 1974 7z Salmin
2005). Pollution levels in Suwung Estuary varied
between tide conditions in each month (January
and February 2016) during the research. BODs
values in these two months showed that the
waters in Suwung Estuary were slightly polluted.
January 2016 had the most numbers of points,
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with BODs values of more than 5 mg/L in both
tide conditions, compared to February 2016.
These high values were due to the hot weather
in January 2016, as hot weather increases the
concentration of organic materials in an estuary
(Islam ez al 2015). In addition, a high BOD:s
value trend in each month was more dominant
during low to high tide conditions.

Tides and rain were suspected to dilute
pollutants in the waters of the Suwung Estuary
during this study. This could be observed during
high to low tide, when BODs values tended to
decline. The decline may have been caused by
the presence of the two mouths of the Benoa
Gulf (mouths of Gulf I and Gulf II). The
estuary’s ability to cope with the pollution
depends on its waterways, when the tides go in
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and out, and its open channels to the sea. Rain
seems to be capable of diluting pollutant
materials in the area of the estuary. The
influence of tides and rain is very important to
the dilution process, dispersion and self-
purification in estuarine areas. BODs values will
be lower in the rainy season than the dry season
(Maitera ez al. 2010).

However, though Suwung Estuary’s pollution
level, based on BODs values in January and
February 2016, was still classified as slightly
contaminated, it can potentially increase to
medium or high pollution level due to activities
around the estuary (cage aquaculture, landfill,
harbour and river mouth, which brings
contaminants from the mainland).

Highly

[N
]
1

Contaminated
Moderately

—_
i
1

BOD 5 (mg/L)
=

wn
1

()
1

Contaminated

Slightly
Contaminated

1234567891011121314151617181920 [ o 1o High Tide

Sample Points

High to low tide

Highly

3]
th
]

Contaminated

Moderately

— (o]
(] =
1 1

BOD 5 (mg/L)

12345678 91011121314151617181920
Sample Points

Contaminated

Slightly
Contaminated

m Low to High Tide
High to low tide

Figure 5 Water pollution levels in the Suwung Estuary in (a) January 2016 and (b) February 2016
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CONCLUSION

Based on our BODs analysis, pollution levels
in the Suwung Estuary during the months of
January and February 2016 were classified as
slightly contaminated. BODs was relatively high
around the cage aquaculture area, river mouth,
landfill and Benoa Harbour in both tide
conditions. Rain was a discernible factor that
contributed to the lowest BODs wvalues in
February 2016, when the average BODs value
across all tide conditions was low.
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