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ABSTRACT
Coastal ecosystems are highly sensitive to nutrient enrichment, particularly from land-

based activities and aquaculture effluents, which contribute to water quality degradation. This
study evaluated the concentrations of nitrate, ammonia, and phosphate in the coastal waters of
Buruk Bakul Village, Bengkalis, Riau Province, Indonesia. Water samples were collected from
four representative stations in August 2025: a river estuary, a shrimp pond, a mangrove
rehabilitation site, and a natural mangrove forest. The analysis was conducted using
spectrophotometric methods in accordance with the Indonesian National Standards (SNI).
Results indicated that nitrate concentrations ranged from 0.0822 to 0.1932 mg/L, ammonia from
0.5705 to 1.7338 mg/L, and phosphate from 0.0845 to 0.299 mg/L. All parameters exceeded
the seawater quality standards for marine biota established by the Decree of the Minister of
Environment No. 51/2004, indicating a significant anthropogenic influence. The river estuary
recorded the highest nitrate and phosphate levels, reflecting inputs from land runoff and
domestic waste, while ammonia peaked in the shrimp pond due to aquaculture discharge.
Nutrient levels in mangrove-associated stations were lower but still above the threshold,
indicating that mangrove ecosystems provide some capacity to retain and transform nutrients,
although insufficient for full remediation. Elevated nutrient concentrations pose ecological
risks, such as eutrophication and algal blooms, which may disrupt biodiversity and fisheries
productivity. This study emphasizes the urgency of improving aquaculture waste management,
reducing land-derived nutrient loading, and strengthening mangrove conservation and
rehabilitation as integrated strategies to sustain coastal ecosystem health in Buruk Bakul and
similar regions. These findings provide a baseline for nutrient management and coastal
rehabilitation strategies in western Indonesian waters.
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1. INTRODUCTION communities that depend on fishery

Coastal water quality is a key factor in
maintaining the sustainability of marine
ecosystems and the livelihoods of coastal

resources. Chemical parameters such as
nitrate, phosphate, and ammonia are often
used as indicators of water quality because
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they are closely related to primary
productivity, fertility, and the balance of
aquatic ecosystems”. Excessive
concentrations of these nutrients can trigger
eutrophication, decrease dissolved oxygen
levels, and ultimately disrupt the survival of
aquatic biota’. Nitrate (NOs") is the main
form of inorganic nitrogen available to
phytoplankton. The increase in nitrate in
water generally comes from land runoff,
agricultural activities, and domestic inputs®.

Phosphate (PO4+*") plays an important
role in the metabolism of aquatic organisms,
but in excessive amounts, it can become a
limiting factor that contributes to algal
blooms”. Ammonia (NHs), on the other
hand, is toxic at high concentrations and can
originate from organic waste or the
decomposition of organic matter in the
waters®. Therefore, monitoring these three
parameters is essential to assess fertility
status and potential pollution in coastal
waters.

Buruk Bakul Village, located on the
coast of Bengkalis Regency, Riau, is
influenced by both anthropogenic activities
and the natural dynamics of coastal
ecosystems. This area is adjacent to
mangrove forests and has relatively
intensive capture fisheries and aquaculture
activities®. Previous studies have shown that
mangrove ecosystems around Bengkalis
play an important role in nutrient cycles,
with mangrove sediments storing significant
reserves of carbon, nitrogen, and
phosphorus. However, land use changes and
human activity pressures may alter nutrient
distribution, ultimately affecting water
quality in region’.

Several studies in Indonesia show an
increasing trend of nutrient concentrations in
coastal waters due to human activities. A
study in the Malacca Strait revealed that
increases in nitrate and phosphate are
directly related to shipping activities and
waste disposal®. In other coastal areas,
ammonia levels were found to increase near
settlements and aquaculture ponds®. This
condition underscores the importance of
local studies, given that the ecological
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dynamics and environmental pressures
differ across coastal areas'’. However,
research on the influence of community
activities on nutrient levels has not yet been
conducted at this location.

Based on this background, this study
aims to analyze water quality in Buruk Bakul
Village based on nitrate, phosphate, and
ammonia concentrations. The results of this
study are expected to provide scientific
information as a basis for sustainable water
resource management and support efforts to
mitigate potential coastal environmental
degradation.

2. RESEARCH METHOD
Time and Place

This study was conducted in the
coastal waters of Buruk Bakul Village, Bukit
Batu Subdistrict, Bengkalis Regency, Riau,
at four observation stations representing
coastal environmental conditions. Station 1
was located at the river estuary, Station 2 in
the shrimp pond area, Station 3 in the
mangrove seedling area, and Station 4 in the
relatively natural mangrove forest area. The
coordinates of each station were determined
and recorded using a Global Positioning
System (GPS) device to ensure location
consistency during replication. A map
showing the positions of each observation
station is shown in Figure 1, illustrating the
distribution of sampling points in the coastal
area of Buruk Bakul.

Research Site Map: Buruk Bakul Village, Bengkalis Regency
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Figure 1. Research location map

In addition to the location map, visual
documentation of field conditions at each
station was conducted to provide a clear
picture of the characteristics of the coastal
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ecosystem in Buruk Bakul Village. Figure 2
shows photos of each observation station:
Station 1 (river estuary), Station 2 (shrimp
pond), Station 3 (mangrove rehabilitation),
and Station 4 (mangrove forest). This
documentation helps clarify environmental
differences between stations that may
influence nutrient concentrations in the
waters.

Figure 2. Station 1 (river estuary), Station 2
(shrimp  pond), Station 3
(mangrove rehabilitation), Station
4 (mangrove forest)
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Figure 3. Field sampling activities at the
study site.

Procedures
Sample Collection

Water samples were taken according
to SNI 6989.57 procedures using a water
sampler at a depth of about 30 cm from the
water surface''. Water samples were placed
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in clean 500 mL polyethylene bottles,
labeled by station, and stored in a cool box
at +4°C to maintain quality until laboratory
analysis (Figure 3).

In addition to chemical parameters,
physical parameters were measured in situ.
Water temperature was measured using a
digital thermometer according to SNI 06-
6989.23"?, while pH was measured with a
calibrated pH meter in accordance with SNI
06-6989.110M1,

Data Analysis

Analysis of nitrate, ammonia, and
phosphate concentrations was carried out
using  spectrophotometry  methods in
accordance with APHA standards'®. Nitrate
analysis was performed according to SNI
06-6989.79' using the cadmium (Cd)
reduction column method, which reduces
nitrate to nitrite, which then reacts with
sulfanilamide and N-(1-naphthyl)
ethylenediamine to produce a pink azo
compound measured at 543 nm. Absorbance
readings were taken at 543 nm*°.

Ammonia was analyzed based on SNI
06-6989.30%° using the Nessler method, in
which ammonium ions react with Nessler A
and Nessler B reagents to form a yellow-
brown complex proportional to the ammonia
concentration, measured at a wavelength of
425 nm. Absorbance readings were taken at
425 nm*°.,

Phosphate was determined using the
SNI  06-6989.31°  method, namely
ammonium molybdate spectrophotometry.
Phosphate in the sample reacts with
ammonium molybdate and potassium
antimony tartrate in an acidic environment,
forming a phosphomolybdate complex,
which is then reduced by ascorbic acid to
produce a blue color at 880 nm. Absorbance
readings were taken at 880 nm*°.

The measurement results of nitrate,
ammonia, and phosphate concentrations
from each station were determined using
standard calibration curves. The obtained
data were then compared with the seawater
quality standard for marine biota, as outlined
in the Decree of the state minister for the
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Environment No. 51 of 200407, The
analysis was conducted descriptively,
comparing results between stations and
relating them to activities in the area. This
can be seen in the high nitrate and ammonia
concentrations in shrimp ponds, which may
be associated with feed waste and metabolic
residues, while high phosphate levels in
mangrove areas may originate from the
decomposition of mangrove leaf litter. With
this descriptive approach, water quality
conditions in Buruk Bakul Village can be
comprehensively understood.

3.  RESULT AND DISCUSSION
Water quality measurements were
conducted at four stations representing
different environmental conditions: the river
estuary (Station 1), shrimp pond area
(Station 2), mangrove rehabilitation area
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(Station 3), and natural mangrove forest area
(Station 4). The observed chemical
parameters included nitrate, ammonia, and
phosphate concentrations. The results are
presented in Table 1, and the distribution of
concentrations among stations is visualized
in Figure 1 to clarify comparisons between
parameters.

The analysis showed that nitrate
concentrations in Buruk Bakul waters
ranged from 0.0822 to 0.1932 mg/L (Table
1). The highest value was found at Station 1
(Estuary) with 0.1932 mg/L, while the
lowest was at Station 3 (mangrove
rehabilitation) with 0.0822 mg/L. Station 2
(Shrimp Pond) recorded 0.1494 mg/L, and
Station 4 (mangrove forest) recorded 0.1062
mg/L. All these values exceeded the marine
biota quality standard of 0.06 mg/L*" (Table
2).

Table 1. Nitrate, ammonia, and phosphate concentrations were measured at four stations in the

waters of Buruk Bakul Village

Station Nitrate (mg/L) Ammonia (mg/L) Phosphate (mg/L)
St 1 (Estuary) 0.1932 0.5705 0.2990
St 2 (Shrimp Pond) 0.1494 1.7338 0.0845
St 3 (Mangrove Rehabilitation) 0.0822 1.6440 0.0928
St 4 (Mangrove Forest) 0.1062 1.7062 0.0933

Table 2. Nitrate concentrations in the waters of Buruk Bakul Village, Bengkalis

Station Nitrate (mg/L) Standard (mg/L)"’ Remarks
St 1 (Estuary) 0.1932 0.06
St 2 (Shrimp Pond) 0.1494 0.06 Exceeds standard
St 3 (Mangrove Rehabilitation) 0.0822 0.06
St 4 (Mangrove Forest) 0.1062 0.06
The relatively high nitrate Station 3 (mangrove rehabilitation)

concentrations at all stations indicate
nutrient input from land- based and fishery
activities. The highest value at the estuary
(Station 1) indicates the strong influence of
river runoff, which carries domestic and
agricultural waste into coastal waters'®. At
Station 2 (shrimp pond), the nitrate level
(0.1494 mg/L) is likely from feed residues
and excretion of cultured organisms,
supporting  findings  that  intensive
aquaculture significantly contributes to
nitrate enrichment in coastal waters'’.

had lower concentrations (0.0822 mg/L),
possibly due to the mangrove vegetation's
absorption capacity during development®.
Meanwhile, Station 4 (mangrove forest)
reflected the more stable filtering role of
established mangrove ecosystems, resulting
in 0.1062 mg/LP. Ecologically, nitrate
levels exceeding the threshold indicate a risk
of eutrophication that, if uncontrolled, could
trigger algal blooms, reduce dissolved
oxygen, and disrupt marine ecosystems?’.
Ammonia concentrations ranged from
0.5705-1.7338 mg/L (Table 1). The highest
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was at Station 2 (shrimp pond) with 1.7338
mg/L, followed by Station 4 (mangrove
forest) with 1.7062 mg/L, and Station 3
(mangrove rehabilitation) with 1.644 mg/L.
The lowest was at Station 1 (estuary) with
0.5705 mg/L (Table 3). All values exceeded
the standard of 0.3 mg/L, indicating high
pollutant loads. The highest level in the
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shrimp pond (Station 2) highlights the
contribution of aquaculture activities,
particularly uneaten feed, shrimp feces, and
organic decomposition?’. Stations 3 and 4
also showed high values, indicating that
mangrove ecosystems function as nutrient
sinks but still accumulate ammonia from
litter decomposition and land-based inputs?®.

Table 3. Ammonia concentrations in the waters of Buruk Bakul Village, Bengkalis

Station Ammonia (mg/L) Standard (mg/L)*’ Remarks

St 1 (Estuary) 0.5705 0.3

St 2 (Shrimp Pond) 1.7338 0.3 Exceeds standard
St 3 (Mangrove Rehabilitation) 1.6440 0.3

St 4 (Mangrove Forest) 1.7062 0.3

At Station 1, the lower value may be
due to river dilution, but still exceeds the
standard. Elevated ammonia levels can
negatively affect aquatic biota, especially
fish and benthic organisms, by increasing
toxicity risks and lowering water quality”,

Phosphate concentrations ranged from
0.0845-0.299 mg/L (Table 1). The highest

was at Station 1 (estuary) with 0.299 mg/L,
while the lowest was at Station 2 (shrimp
pond) with 0.0845 mg/L. Stations 3 and 4
recorded nearly similar values of 0.0928
mg/L and 0.0933 mg/L. Compared to the
marine biota standard of 0.015 mg/L, all
stations exceeded the threshold®, as shown in
Table 4.

Table 4. Phosphate concentrations in the waters of Buruk Bakul Village, Bengkalis

Station Phosphate (mg/L) Standard (mg/L) '’ Remarks

St 1 (Estuary) 0.5705 0.3

St 2 (Shrimp Pond) 1.7338 0.3 Exceeds standard
St 3 (Mangrove rehabilitation) 1.6440 0.3

St 4 (Mangrove Forest) 1.7062 0.3

The high concentration at the estuary
(Station 1) indicates runoff inputs from
domestic and agricultural  activities.
Phosphate commonly originates from
detergents, fertilizers, and organic waste
transported by rivers®®. The lower value at
Station 2 can be explained by the dominance
of nitrogen inputs in aquaculture systems,
causing phosphate to settle quickly. The
nearly equal values at Stations 3 and 4 reflect
the role of mangrove vegetation in retaining
and absorbing phosphate, although not
sufficient to reduce it below the standard®”.
Excess phosphate, combined with nitrate
and ammonia, may accelerate eutrophication
and promote algal blooms, thereby
degrading water quality and disrupting
ecosystem balance?®.

4. CONCLUSION

The concentrations of nitrate (0.0822—
0.1932 mg/L), ammonia (0.5705-1.7338
mg/L), and phosphate (0.0845-0.299 mg/L)
in the waters of Buruk Bakul Village
exceeded the marine biota standards set by
the Minister of Environment Decree No.
51/2004. The estuary had the highest nitrate
and phosphate levels, while the shrimp pond
recorded the highest ammonia
concentration, highlighting the significant
influence of land-based and aquaculture
activities. The results of the study indicate
that mangrove ecosystems contribute to
nutrient retention, but their role is not yet
sufficient to reduce concentrations below
permissible limits.
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