Giwijaya dJownnal of

nvoormend
Existence of Phytoplankton in Waters Affected by Hot Water of Electric Steam Power
Plant (ESPP) of Teluk Sirih as Ecological Bioindicator Reference for Climate Change
Mitigation

ojs.pps.unsri.ac.id

Rezi Junialdit, Mistia Sari?, Gusna Merina®*, Ahmad Mursyid 4, Alponsin 4, Rian Rafiul Drajat®, Sonia®

125Department of Environmental Engineering, University of Nahdlatul Ulama Sumatera Barat, Padang, Indonesia
3Department of Aquatic Resource Management, University of Nahdlatul Ulama Sumatera Barat, Padang, Indonesia
4The Indonesian Society for Bioinformatics and Biodiversity (MABBI), Indonesia

*Corresponding author: merinagusna@gmail.com.

Acrticle history
Received
11 December 2023

Available online
20 June 2024

Received in revised form
16 May 2024

Accepted
13 June 2024

Abstract: The seashore Electric Steam Power Plant (ESPP) in Teluk Sirih will undoubtedly cause changes in
physical, chemical, and biological environmental parameters. Phytoplankton is one of the components that will be
impacted. The research objective was to study the community structure of phytoplankton in the waters affected by
the hot water of the ESPP of Teluk Sirih which was carried out in August 2023 with four sample stations namely
Outfall, Inlet, Jetty, and the middle of the sea as controls. The results of the study showed that the community structure
of phytoplankton in the waters around the ESPP of Teluk Sirih was not significantly affected by hot water. This is
illustrated by the diversity results which are classified as well H' ranging from 1.710-2.156. Evenest Index (E) 0.562-
0.761 and Dominance Index (C) 0.188-0.295. The E and C values show that the phytoplankton are evenly distributed
and no species dominates the ESPP of Teluk Sirih. The physics and chemistry of water are all above the quality
standards of the Ministry of Environment No. 51. 2004 as temperature ranges from 29-32°C, pH 7-8, transparency
>3m, Salinity 31.4-32.2 %o. Dissolved oxygen 5 mg/L, Carbon dioxide 48-62 mg/L, BODs4-5 mg/L, Nitrates 0.02-

0.031 mg/L, and orthophosphate as phosphate 0.014-0.018 mg/L.
Keywords: community structure, hot water, phytoplankton, ESPP of Teluk Sirih

1. Introduction

The operational system of Teluk Sirih ESPP is a
CFB (the circulating Fluidized Bed Boiler). Water is
required for the condenser cooling process. Once the
water is finished, it is released to the surrounding
waters—also referred to as hot water—which will alter
the water. The introduction of this hot water will have
an impact on biotic components, including plankton,
as well as abiotic ones like element enrichment and
increased water productivity. Plankton are organisms
that float in the water column whether or not they can
swim. Because they can't swim very well, they can't
resist the flow of water Nybakken, and Bertness. 2005
in [1].

One of the steam power plants that provides
Central Sumatra with electricity is ESPP in Teluk
Sirih. This ESPP, which has a combined electrical
system capacity of about 2x112 MW in units 1 and 2,
is situated on the west coast of West Sumatra [1]. This
ESPP's condenser cooler is made of water in its
operating system. By using the outlet canal, the
condenser cooling water consumed by this ESPP is
often returned to the surrounding waters, where it adds
heat [2]. This is anticipated that the operation of this
disposable cooling system will alter the biota that
inhabits the water bodies and the water quality, both
directly and indirectly [3].
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Phytoplankton, an aquatic organism that functions
as a primary producer and plays a crucial part in the
food chain in the waters, is among those impacted [4—
5]. It is also very susceptible to alterations in the
physical and chemical conditions of the waters.
Furthermore, heat pollution can have an impact on
plankton ecosystems by lowering phytoplankton
biomass and production [6]. A hot water by-product
of an ESPP is produced at a temperature higher than
the water temperature before cooling purposes [7]. The
PLTU's maximum unit capacity determines how much
cooling water is required. Generally speaking, 45-55
liters of cooling water per second are needed at full
load for every kilowatt [7] in [18]. According to
research findings from the ESPP of Teluk Sirih waters
in 2019-2021, the outfall's seawater temperature
ranges from 29-32°C, and phytoplankton data
indicates that the abundance varies from 6,187 cell/L
in 2019 to 6,233 cell/L in 2020, and then drops
significantly to 2,869 «cell/L in 2021. The
phytoplankton diversity index was 0.746 in 2019;
however, it dropped to 0.354 in 2020 and rose to 1.135
in 2021 [1].

Zooplankton  from animal groups and
phytoplankton from plant groups make up the plankton
component. For phytoplankton to be a primary
producer in the seas carbs and energy will be produced
by these primary producers. Carbon is required to
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generate carbohydrate molecules (CsH120¢), which
provide energy to phytoplankton. The mechanism
known as photosynthesis is how phytoplankton
synthesizes these carbohydrate molecules in an
anabolic manner [1]. Although phytoplankton makes
up over 70% of the surface of the earth, it is the primary
trophic level in aquatic ecosystems and is found
exclusively in phytoplankton-filled waters [8]. To use
the data for Ecological Bioindicator Climate Change
Mitigation, boiling water will affect the physical and
chemical conditions of water, such as temperature
changes. This will affect on the existence of
phytoplankton around the Teluk Sirih Steam Power
Plant (ESPP) Hot Waters.

2. Material and Methods

2.1. Materials

Plankton nets, buckets, plastic, erlenmeyer,
dropper pipettes, label paper, thermometers, pH
meters, thermometers, 2-liter jerry cans, box ice, object
glasses, cover glasses, titration Kits, microscopes,
cameras, and stationery were among the equipment
used in this investigation. 40% formalin, 90% acetone,
1% lugol, and distilled water were the ingredients.

Table 1. Physical, and chemical factors

0js.pps.unsri.ac.id

Phytoplankton identification concerning literature [9],
[10], [11], [12], [13], and [14]. The association
between physical and chemical parameters and
phytoplankton diversity, as well as the values of
phytoplankton abundance, diversity index, dominance
index, and evenness index, were all described
descriptively.

2.2. Methods
2.2.1. Sample collection and preparation

Taking the sample in August 2023, a survey
method using both a qualitative and quantitative
methodology was used to perform this research. A
30um mesh plankton net was used for the vertical
screening method of phytoplankton collecting.
Purposive random sampling was used to choose the
plankton sampling location (station), taking into
account the baseline environmental conditions that
might affect the physical and chemical parameters
listed in Table 1. Each sampling point was found to
consist of four observation stations with two
replications based on these factors. Specifically, the
Jetty and station as control, the outfall, and the inlet.
Figures 1 and 2 depict the location and sampling
methodology in full for plankton sampling.

No. Parameter Unit Tools Remarks
1 Temperature °C Alcohol Thermometer In situ
2 Transparency m Secchi Disk In situ
3 pH pH universal In situ
4 Salinity %o Spectrophotometry Laboratory
5 DO mg/L DO meter Laboratory
6 CO2 mg/L DO meter Laboratory
7 BODs mg/L DO meter Laboratory
8 Nitrate mg/L Spectrophotometry Laboratory
9 Orthophosphate mg/L Spectrophotometry Laboratory
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Figure 1. A map showing the locations and venues for sampling (station | at the outfall, station Il at the
outlet, station 111 at the jetty temporary and station IV as control).

Source: GIS And Google Earth Pro 3,22,16
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2.3. Data Analysis

Can we explain the phytoplankton's composition
using Based on [15], the following formula can be
used to determine the phytoplankton's Data Density
(D) and Relative Density (RD%):

axc

Density (D) = - [15]:
Where:
a = The average plankton generous in one milliliter
¢ = The concentrate sample

volume
L = Volume of filtered water (liters)

The Relative Density (RD%)
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Figure 2. Sampling Plankton at ESPP Teluk Sirih
Source: Documentation on 2023

Density of the species
RD% = - — 100%
Density of all species

The dominance, evenness, and diversity indices
make up the phytoplankton structure. The index used
to determine the degree of species variety within a
phytoplankton population Utilizing Shanon-Wiener's
[1] diversity index (Table 2), the diversity index (H)
was computed as follows.:

H>=->"piln pi

Where :
H’ = The Diversity of index
Pi = ni/N,

ni = Every individual within a species
N = Total individual among all species

Table 2: Phytoplankton and Zooplankton Diversity Index-Based Assessment of Water Quality

No. Plankton Diversity Index (H") Classifications The assessment
1 <0.3 Very bad 1
2 0.3-0.7 Bad 2
3 0.7-1 Quite good 3
4 1-5 Good 4
5 >5 Very good 5

Source: [1], [15], [17]

The Evenness of Index (E)

This evenness index is used to determine the
degree of community-level similarity between the
distribution of several members of each clan. Index
Evenness may be calculated with the following
formula:

E =H'/H max
where,

E = Index of
Evenness

H' = Diversity Index
Hmax = In (S)

S = All Genus

Vol. 9 No.1, 54-61

The Evenness Index (E) value ranges from 0 to 1,
if theE value is <0.5, it indicates that the evenness
between genera is low, meaning that the richness of
the individuals in each genus is very different. E =
>0.5, indicating that the distribution between genera is
relatively uniform or relatively the same [1], [15],
[17], [23].

Index of Dominance (C)

An aquatic habitat's dominant phytoplankton
organisms are indicated by the existence or absence of
a dominance index [16]. determined using the
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subsequent formula:

C =Y (Ni/N)?
Where:
C = Index of Dominance
Ni = The number of members in a species.
N =The total number of members in every
species.

The value of the dominance index is 0—1 (zero to
one). A dominance index value near one indicates that
a single kind or species dominates the community; if
the dominance index is near zero, no type or species

6.000 5.149
5.000
4.000

3.000

Amount cell/L

2.000
1.000

0

2.879
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dominates. The dominance index is influenced by the
number of species found in a water sample, albeit it is
mostly based on the quantity of each species'
individuals [16].

3. Results and Discussion

The result of this research is that 33 species were
discovered after observations and laboratory
investigation.  Three  classes  comprise  the
phytoplankton: Dinophyceae (7 species),
Bacillariophyceae (25 species), and Cyanophyceae (1
species). The total abundance can be explained in
Figure 3 as follows.

749 413

3 4

Station Sample

Figure 3. Graph of Abundance Phytoplankton

Based on Figure 3, the abundance of
phytoplankton at station 1 was 5,149 cells/L, with the
number of taxa being 24 species, the diversity index
being 1,840 while at station 2 the abundance of
phytoplankton was 5,879 cells/L and the number of
taxawas 21 species. The diversity index is 1.710.
AbundanceAt station 3 was 749 cells/L, with a total of
20 taxa species, and a diversity index of 1.904, while
at station 4the number of phytoplankton species was
found, namely 17 species with an abundance of 413
cells/L and a diversity index of 2.165. The highest H'
is found at station 4, namely control which is in the
middle of the sea. The high diversity is inversely
proportional to the low number of taxa abundance. It
is suspected that the middle part of the sea has little
nutrients, thereby reducing the population of plankton
biota. This can also be seen by the levels of nitrate at
station 4, which is 0.02mg/L, and orthophosphate
which is 0.015 mg/L Table 2,which is minimal in light
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of others. Stations IV and Ill have low nitrate values
compared to each other, while Station [V's
orthophosphate value is the same as Station II's. The
maximum recommended level of phosphate for rivers
and waterways that have been published is 0.1 mg/L,
according to Anhwange (2012) in [19]. Eutrophic
waters are defined as having a phosphate content
greater than 0.1 mg/L, and phytoplankton blooms are
frequently observed in these waters. The most
prevalent class in the sea is the Bacillariophyceae,
which is followed by the Dinophyceae, which includes
Peridinium sp., and the Cyanophyceae, which
includes only one Kkind, Trichodesmium sp.
Nonetheless, it predominates in the waters throughout
the investigation, with a 51.8% relative abundance.
Numerous varieties that are frequently found in the
ESPP of the waters around Teluk Sirih are observed in
Figure 4.The structure of Phytoplankton can be seen
in Figures 5,6 and 7 below.
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(4

(6)

Figure 4: Frequently phytoplankton species recorded: Amphipora sp., 2) Dinophysis sp. 3) Peridinium sp. 4)
Bacteriastrum sp. 5) Navicula sp. 6). Trichodesmium sp. Microscope Olympus Magnification 400x. Source:
Laboratory Documentation, 2023.
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Figure 5. Graph of Phytoplankton Diversity Index (H") atESPP of ESPP Teluk Sirih

Based on the graph in Figure 5, the highest
diversity is seen at the control point far from ESPP
with the measurement results showing a value of
2.156. Followedby successive inlet and outfall points
which have diversity values of 1.710 and 1.840.
Meanwhile, for the jetty, the diversity value shown is
1.904. Furthermore, atthe Outlet point, the results of
the diversity calculation show values ranging from
1.710-2.156. The lowest diversity value is at the
inlet point. When viewed as a whole, the value of
diversity in ESPP Teluk Sirih waters, Outfall, Inlet,
Jetty, and Control points are classified as quite high
diversity and good community stability. The variety
index is already able to demonstrate the good quality

Vol. 9 No.1, 54-61

of the water. Thus, the phytoplankton community
structure in the waters surrounding Teluk Sirih's
ESPP is not greatly impacted by hot water. The case
study was conducted in East Java's ESPP Paiton [18].
From Figure 6, the highest evenness index (E)
calculationresult is at the middle of the sea control
point, which is 0.761. Then at point 3 jetty, namely
0.636. Furthermore,at the Outfall 1 point of 0.579. The
inlet point is 0.562 and the lowest evenness value is at
the inlet point, whichis 0.562. From the calculation
results, the evenness valuein the ESPP of Teluk Sirih
waters is 0.562 < E < 0.761, then the community in
these waters is said to be unstable(Krebs (1973) in [1]).
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Figure 6. Graph of Phytoplankton Evenest Index (E) at ESPPof ESPP Teluk Sirih
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Figure 7. Graph of Phytoplankton Domination Index (C) at ESPP of PLTU Teluk Sirih

The dominance index found ranges from 0.188-
0.295. This value indicates that there is no dominant
species. This is the same as research [2]. Table 3

Table 3. Physic and Chemical Factors of Water

shows other water-chemical and physical parameters
that were observed in this study.

No. Parameter Locations *QS
1 2 3 4

1 Temperature 32 32 32 32 nature
2 Transparency >3 m >3 m >3 m >3 m >3
3 pH 7 7 7 8 7-8.5
4 Salinity 314 31.8 315 32.2 nature
5 DO 5 5 5 5 >5
6 CO; 62 48 53 57 -
7 BODs 5 5 4 4 20
8 Nitrate 0.026 0.031 0.02 0.02 0.008
9 Orthophosphate 0.018 0.015 0.014 0.015 0.015

Source: Laboratory Analysis Results of Environment Engineering of Andalas University, West Sumatra Province, 2023

*QS=Quality Standards [20]

Physical characteristics such as transparency
greater than three meters, when compared to the
quality level of [20], are still above the standard and
in good condition, according to data in Table 3 from
the analysis of seawater quality above. Because
phytoplankton can use more light for photosynthesis
when sunlight penetrates the water at a deeper angle,
transparency has a direct impact on phytoplankton
Vol. 9 No.1, 54-61

development [21]. The measurement results of the pH
value ranged from 7-8. All stations are the same
except station 4 whichhas a high pH range of 8. The
pH level is relatively stablein marine and coastal
waters and is in a small range of 7.6 — 8.3 which is
in research by [19]. Whereas station 1 which is at an
outfall of 7 is almost close to neutral pH, this is
becauseit gets input from the mainland, which is a
http://dx.doi.org/10.22135/sje.2024.9.1,54-61 59
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small river.

The results of salinity measurements show that
the salinity values range from 31.4 to 32.1%o. The
lowest salinity value is at Station 1 which is located at
the mouth of the outfall estuary with a value of
31.4%o. This is due to the input of fresh water which
has low salinity. The salinity values of all stations are
almost the same exceptstation 4 has a value of 32.2%o
because it is in waters farfrom the river mouth. The
observation station's Dissolved Oxygen (DO)
measurement yielded identical values, namely 5
mg/L. The DO concentration in Teluk Sirih ESPP
waters is still classified as suitable for marine biota,
meaning that it is still better for supporting marine
biota life where at each observation station it still
meets quality standards. At each data collection
station, the DO value obtained indicates that the
waters are in good enough condition and still meet the
seawater quality standards in the Decree of the
Minister of State for the Environment No. 51 of 2004
for marine biota with a DO value of >5 mg/L.
Additionally, this supports the findings of [8]'s
research.

The results of Biological Oxygen Demand
(BODs)measurements at observation stations ranged
from 4-5mg/L. The BODs value obtained is still
below themaximum BODs standard recommended
for marinebiota in the Decree of the State Minister
for theEnvironment No. 51 of 2004 for marine life
with amaximum value of 20 mg/L. BODs ESPP
Teluk Sirihwaters is still in normal condition. This
is by the research of [8]. The BODsparameter is a
general parameter that can be used todetermine the
level of water pollution from a pollutionsource.
Based on the pollution level criteria from the BODs
value, the sea waters of the Teluk Sirih ESPP are
classified as low pollution levels. The higher
concentration of BODs indicates that the water is
polluted, while the concentration of BOD is still low
andcan be categorized as good water. The pollution
level islow if the BODs value is 0 — 10 mg/l, while the
pollutionlevel is moderate if the BODs value is 10 —
20 mg/1 [22].

The results of the analysis show that the
concentration of nitrate at the measuring station
ranges from 0.02 — 0.031 mg/I. The concentration of
nitrate obtained in this study was relatively similar to
other waters of West Sumatra, as reported by [8] that
the concentration of nitrate in coastal waters of West
Sumatra ranged from 0.012 — 0.025 mg/l. Based on
the nitrate content, Teluk Sirih ESPP waters are
included in oligotrophic waters with nitrate levels
between 0 — 1 mg/l. The concentration of nitrate-
nitrogen in natural waters is rarely more than 0.1 mg/I
[21]. Based onthe quality standards for nitrate content
in waters in the Decree of the State Minister for the
Environment No. 51of 2004, the nitrate content in
ESPP Teluk Sirih waters has largely exceeded the

Vol. 9 No.1, 54-61
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quality standard, where the standard quality standard
for nitrate concentration for marine biota is 0.008
mg/L because the water is close to land and also the
increase in oxygen levels due to the nitrification
process where ammonia is converted into nitrite and
then into nitrate so that the nitrate content in the water
is high.

Phosphate is a nutrient needed for the process of
growth and metabolism of phytoplankton and other
marine organisms in determining the fertility of
waters, the condition is unstable because it is easily
subjected toerosion, weathering, and dilution. The
distribution of phosphate from offshore areas to
coastal areas shows higher concentrations towards
the coast [19].

The analysis's findings indicated that the
measuring station's phosphate content concentration
ranged from 0.014 to 0.018 mg/L. According to the
Decree of the Minister of State for the Environment
No. 51 of 2004, the phosphate level in the waters of
ESPP Teluk Sirih has partially exceeded seawater
quality limits for marine biota. These standards are
0.015 mg/l. The ESPP Teluk Sirih waters' marine
biota may be at danger due to these circumstances,
which can also result in eutrophication. The
maximum recommended level of phosphate for
rivers and waterways that have been published is 0.1
mg/L, according to Anhwange (2012) in [19].
Eutrophic waters are those that have a phosphate
content of more than 0.1 mg/L; phytoplankton
blooms frequently occur in these types of waterways.

4. Conclusion

The study concludes is that the phytoplankton
community structure in the waters surrounding Teluk
Sirih's ESPP is in good shape. The diversity index
(H", which is still in the good range and runs from
1.710 to 2.156, the evenness value (E) of 0.562 to
0.761, and the dominance index (0.188 to 0.295),
which indicates that no species predominates, all
demonstrate this. Temperature, salinity, pH, DO,
BOD5, CO2, and transparency are environmental
characteristics that still meet norms for marine biota
quality; phosphate and nitrate, on the other hand,
have exceeded standards. It is believed that natural
water sources are the source of the parameter
increase that has surpassed the maximum quality
level.

Acknowledgment

We would like to thank the Ministry of
Research, Technology and Higher Education for
providing grant funds. Decree Number
0557/E5.5/AL.04/2023 and Agreement/Contract
Number 050/UNUSB.D/LT/2023.

http://dx.doi.org/10.22135/sje.2024.9.1,54-61 60



http://dx.doi.org/10.22135/sje.2024.9.1,54-

References

[1] G. Merina, I., J., Zakaria, A., Mursyid, R.
Wirni,” Trends of The Phytoplankton
Community and Physical Chemical Factors as
Determinants of Pollution Level in The Electric
Steam Power Plant (ESPP) Teluk Sirih Waters”.
Sriwijaya journal of environment vol 8 no 1. Hal.
48-57. June 2023.

[2] G. Merina, I., J., Zakaria, Chairul , A., Mursyid,
“Komposisi Dan Struktur  Komunitas
Fitoplankton Di Perairan Teluk Sungai Pisang
Kota Padang Sumatera Barat pada Musim
Kemarau” JurnalLaot IImu Kelautan, Vol. 5, (1).
P 35-47. April 2023.

[3] H. S. Huboyo, and B. Zaman, "Analisis Sebaran
Temperatur Dan Salinitas Air Limbah Pltu-Pltgu
Berdasarkan Sistem Pemetaaan Spasial (Studi
Kasus : Pltu-Pltgu Tambak Lorok Semarang"
Jurnal Presipitasi Media Komunikasi dan
Pengembangan Teknik Lingkungan, vol. 3, no. 2,
pp. 40-45, Sep. 2007.
https://doi.org/10.14710/presipitasi.v3i2.40-45

[4] D. Wulandari ”Keterikatan Antara Kelimpahan
Fitoplankton Dengan Parameter Fisika Kimia Di
Estuari Sungai Brantas (Porong),Jawa Timur”.
Bogor: Departemen Menejemen Sumberdaya
Perairan Fakultas Perikanan Dan Kelautan
Institut Pertanian Bogor. 2009

[5] A.S. Nastiti dan S.T. Hartati “Struktur
Komunitas Plankton Dan Kondisi Lingkungan
Perairan Di Teluk Jakarta” BAWAL Vol. 5 (3)
Desember 2013 : 131-150

[6] K.H.Choi; K.Y-Ok; L.J.Baek; W.S.Young;
L.M.Woo; L.P.Gang; A.D.Sik; H.J.Sang; and
S.H.Young "Thermal Impacts Of A Coal Power
Plant On The Plankton In An Open Coastal
Water Environment,” Journal of Marine Science
and Technology: Vol. 20: Iss. 2, Article 9. DOI:
10.51400/2709-6998.1837 187-194. 2012.

[7] H. Susiati, Yarianto S. B. Anto. “Prakiraan
Dampak PLTN  Terutama Limbah Termal

Terhadap Ekosistem Laut”. Jurnal
Pengembangan Energi Nuklir. Vol 1 No 1; 25-35
April 1999

[8] G. Merinadan I.J, Zakaria “Produktivitas Primer
Fitoplankton dan Analisis Fisika Kimia Perairan
Pesisir Sumatera Barat” Metamorfosa: Journal of
Biological Sciences vol 3, No. 2 p. 112-119.
2016.

[9] G.E Newell dan R. C. Newell “Marine Plankton-
a Practical Guide” Hutchinson Educational, Itd.
NewYork. 1963.

[10]F. J. R. Taylor, Y. Fukuyo dan J. Larsen
“Taxonomy of Harmful Dinoflagellates. In G.M
Hallegraeff, D. M. Anderson and A. D. Cembella
[eds]. Manual on Harmful Marine Microalgae.
I0Cmanuals and Guides No. 33. UNESCO: 283-
318. 1995.

Vol. 9 No.1, 54-61

0js.pps.unsri.ac.id

[11] K. A. Stedinger dan K. Tangen Dinoflagellate In
Carmelo R. Tomas [eds] “Identifying Marine
Phytoplankton” Academic Press. California.
USA. 1997.

[12] D. P. Praseno dan Sugestinengsih “Pesisir dan
pantai Indonesia 1lI”. Pusat Penelitian dan
Pengembangan Oseanologi-LIPI. Jakarta. 1999.

[13] D. P. Praseno & Sugestinengsih “Retaid di
Perairan Indonesia” Pusat Penelitian dan
Pengembangan Oseanologi-LIPI. Jakarta. 2000.

[14] I. E. Yamaji “Illustration of the marine plankton
of Japan” Hoikusha Publising. Co. Ltd. Osaka.
Japan. 1979.

[15] G. Merina b, J. Nurdin., A. Mursyid., W. Putra.,
R. Aryzegovina, & R, Junialdi
“Makrozoobenthos As A Bioindicator of Water
Quality In The Masang Kecil River In West
Pasaman Regency” Journal of Multidiciplinary
Science, Vol. 1. No. 3: p.129-138. November
2022.

[16] G. Merina dan Afrizal S “Komposisi danStruktur
Komunitas Fitoplankton di Danau Maninjau
Sumatera Barat” Junal Biologi Unand Jilid 3
Terbitan 4. Desember 2014.

[17] G. Merinaa, J. Nurdin., A. Mursyid., Putra., W.,
Aryzegovina, R., & R, Junialdi., 2022. Analisa
Pencemaran Organik Sungai Masang Kecil di
Kabupaten  Pasaman  Barat Berdasarkan
Komunitas dan Indeks Biologi Makrozoobentos .
Journal Konservasi Hayati, Vol. 18. No. 2: p
.67-79. Oktober 2022.

[18] B. Indraswari, Aunurohim, F. K. Muzak
“Struktur Komunitas Fitoplankton Di Perairan
Yang Terdampak Air Bahang Pltu Paiton
Kabupaten Probolinggo Jawa Timur” Jurnal
Sains Dan Seni ITSVol. 4, No.2, (2015)

[19] B. Hamunal, R.H.R.Tanjung, Suwito, H.K
Maury dan Alianto “Kajian Kualitas Air Laut dan
Indeks Pencemaran Berdasarkan Parameter
Fisika- Kimia Di Perairan Distrik Depapre,
Jayapura” Jurnal liImu Lingkungan (2018), 16 (1):
35-43. 2018.

[20] KepmenLH No. 51. 2004 “Baku Mutu Perairan
LautLampiran [11”.

[21] H. Effendi. “Telaah kualitas Air Bagi
Pengelolaan Sumberdaya dan Lingkungan
Perairan” Kabisius. Yogyakarta. 2003

[22] P. Sharma dan S. Gupta “Study of amount of
Oxygen (BOD, OD, COD) in water and their
effect on fishes” American International Journal
of Research in Formal, Applied and Natural
Sciences, 7(1), 53-58. 2014.

[23] G. Merina, R. Junialdi, M. Sari “Eksistensi
Makrozoobentos Di  Perairan  Kawasan
Pembangkit Listrik Tenaga Uap (PLTU) Teluk
Sirih” Jurnal Laot IImu Kelautan. Vol 6 (1) p 1-
9.2024.

http://dx.doi.org/10.22135/sje.2024.9.1,54-61 61



http://dx.doi.org/10.22135/sje.2024.9.1,54-

