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Introduction

More than 18 rivers flow in the Cirebon region,
such as Cisanggarung, Ciwaringin, Cimanis, Cipager,
Pekik, and Kalijaga rivers (BPS Cirebon, 2020). Rising
population and developing economic activities around
the Cirebon rivers have contributed to the increased
garbage disposal into the waterbody. Eventually, this
anthropogenic pressure may increase the river fertility
and affect its ecological conditions (Rositasari, 2011).
Monitoring river quality is essential to assure the water
quality meets the standards for drinking water,
agriculture and aquaculture activities. Hence, some
approaches such as the indexing method have been
performed to determine the ecological conditions of

water environment.

A river is a water drainage channel that contain
natural and/or artificial water, starting from the
upstream to the estuary (National Government
Regulations of Republic Indonesia No. 38 of 2011).
Human waste causes changes in physical, chemical,
and biological factors in waters that worsen the quality
of the aquatic ecosystem (Sahabuddin, Harisuseno, &
Yuliani, 2014). Recently, many indexing methods have
been developed to determine the water quality status,
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Cirebon has 18 rivers that flow into the Java Sea. The Cirebon rivers play an
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also aquaculture. The increasing anthropogenic activities, may have affected
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and the end of the east monsoon (November 2019). The STORET score of the
Cirebon district rivers were between -10 and -20, which is categorized as lightly
to moderately polluted. Similarly, most of the Cirebon municipal rivers were
moderately contaminated throughout the year (-18 to -30). In contrast, the
Pollution Index (PI) values of all observed rivers were between 1.0 to 5.0 which
are categorized as lightly polluted.
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including river water. These methods can be
implemented by comparing the monitoring results with
the available standards (Altansukh & Davaa, 2011; Arias,
Caraveo, Quintania, Teran, & Munguia, 2012; De
Rosemond, Duro, & Dube, 2009; lonus, 2010;
Milijasevic, Milanovic, Brankov, & Radovanovic, 2011;
Pejman, Bidhendi, Karbassi, Mehrdadi, & Bidhendi,
2009). The river’s water quality can be assessed using
one of two approaches outlined in the Guidelines for
Determining Water Quality Status. The Pollution Index
(P1) and the Storage and Retrieval (STORET) are the
two methods in consideration (Ministry of Environment
Decree No. 115 of 2003)

Pl is a method to determine the level of water
pollution relative to the permitted parameters in the
regulation (Nemerow, 1974). Describing the water
quality depends on the number of physical substances
and bacteriological boundaries (Alves, Teresa, &
Nabout, 2014). The National Sanitation Foundation of
the United States (NSF) created a major and widely
used Water Quality Index (WQI) in 1970. Lumb,
Halliwell, and Sharma (2006) used it to establish the
nine significant limits that represent the water quality
status.
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In comparison, the STORET method describes the
water quality status by comparing water quality data
to the appropriate standard following its designated
uses (Ministry of Environment Republic Indonesia,
2003). WQI and STORET methods have been used
by the United States of Environmental Protection
Agency (US-EPA) to monitor the water quality based
on a repository data. Based on these methods, the US-
EPA framework classifies the water quality into four
classes (Saraswati, Sunyoto, Kironoto, & Hadisusanto,
2014).

Supenah, Widiastuti, and Priyono (2015) have
studied the water quality of the Condong river in
Cirebon using the STORET index. The study showed
that the wastewater effluent from the textile and
garment industrial area (Batik) heavily contaminated
the river. Their research suggested to decrease pollution
load and environmental harm in order to protect water
quality in Cirebon. However, a simultaneous water
quality assessment in the majority of rivers in the
Cirebonregion are still limited. The present study aimed
to determine and compare the water quality of seven
Cirebon rivers using the STORET and the PI
approaches.

Material and Methods

Material

The observations of water quality at Cirebon rivers
were carried out three times in two different seasons
to obtain an annual river quality profile. In 2019,
samplings were conducted in March (at the end of the
west season), July (at the start of the east season),
and November (at the end of the east season). One
liter of surface water sample was taken at 1 m depth

from each site (Figure 1). Five sampling points, i.e.,
SC1 (Bangkaderes), SC5 (Cikalong), SC11 (Pekik),
SC12 (Condong), and SC13 (Bondet) represented
Cirebon district rivers. Meanwhile, those depicted
Cirebon municipal rivers were SC6 (Sukalila) and SC8
(Cimanuk). The selected sampling points illustrated
rivers across agricultural area that headed to aquaculture
and fisheries sites in Cirebon Sea Waters (BPS Cirebon,
2020). The coordinate of each sampling site was
recorded with Garmin 585 GPS (Indonesia) and plotted
into the Google Earth map using ArcGIS 10.8 software
(Indonesia).

Methods

Water Quality Analysis

Water quality analysis was performed following the
method of Barokah, Ariyani, and Siregar (2017). In
brief, the water sample was taken at 1 m depth from
each sampling point using a Nansen 1 L-water sampler.
Water samples were contained in a 1 L polyethylene
(PE) bottle and were maintained at 4 °C using an ice
cube in a cool box. The salinity, temperature, pH, and
DO were measured in situ using Atago portable
refractometer, Hanna HI 98107 pH-meter (UK), and
HACH HQ40D DO-meter (USA). Nutrient analyses
(nitrate, ammonia, and phosphate) were performed
using HACH DR-890 analysis kit and a colorimeter
(USA). The water samples preservation procedure
followed the American Public Health Association
(APHA) method (2005).

Data Analysis

Data on water quality was calculated to determine
the level of river contamination. There are two

stis
.

SCi2
o

Cirebon Regency
.SCﬂ

SC8

5C6

Municipal of Cirebon

N

A

INDONESIA

nnnnnnnnn

SC5

SC1

Cirebon Regency

90030 500030

910080 920080

Figure 1. Map of the research location and sampling stations.
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Table 1. STORET Index scoring assurance of water quality

status (Canter, 1977)

Number of Parameters

tests SCOre  “ppysics Chemistry Biology
Maximum -1 -2 -3

<10 Minimum -1 -2 -3
Average -3 -6 -9
Maximum -2 -4 -6

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

Table 2. US-EPA STORET Index scoring framework on
contamination status (EPA, 2002)

Class Criteria Score Quality Status
A Very good 0 Good condition
condition
B Good condition -1to0-10 Lightly polluted
C Moderately good -11t0-30  Moderately
condition polluted
D Bad condition >-31 Heavily polluted

Table 3. Pollution score and status of pollution index based on
the Ministry of Environment Decree No. 115 of 2003

Value Water Pollution Status
0<PI<1.0 Good condition
1.0<PI<5.0 Lightly polluted
5.0<PI<10 Moderately polluted

PI>10 Heavily polluted

techniques for determining water quality, i.e., the
STORET and the Pl indexes. The STORET index was
calculated by comparing the water quality data with
the standard published by the Indonesian Ministry of
Environment (Ministry of Environment Decree No. 115
of 2003). Evaluation of the water quality status was
performed according to the scoring framework of the
US EPA (Ministry of Environment Republic Indonesia,
2003).

Based on purpose, water quality standard is
categorized into four classes: Class I (drinking water);
Class Il (infrastructure, recreation, cultivation of
freshwater fish, livestock, irrigation); Class IlI
(freshwater fish farming, animal husbandry, irrigation);
and Class IV (irrigation). In the event that the river
class has not been determined, the water quality
standard is considered subject to the Class Il setting
(National Government Regulations of Republic

Indonesia No. 22 of 2021). The following is an equation
for calculating the PI value.

Notes:

PI: Pollution Index; Ci: concentration of water quality parameters
i; Lij: concentration of water quality parameters | stated in the
water quality standard; m: maximum; r: average

Results and Discussion

Physicochemical of River Water

Physicochemical parameters measured in this study
were water pH, dissolved oxygen (DO), ammonia,
nitrate, and phosphate. Water pH is an important
parameter for the aquatic ecosystem because most of
the aquatic biota is sensitive to changes in pH (Effendi,
2003). River water acidity (pH) is closely related to
carbon dioxide, in which the higher the pH value, the
lower the carbon dioxide level (Mackereth, Heron, &
Talling, 1989). The water pH values in the selected
Cirebon rivers at three different sampling interval were
ranging between 7.20 to 7.80 (Figure 2). The Kruskal
Wallis test indicated that the seasonal variation of the
sampling stations influenced the pH value (p<0.05),
however the different location did not (p>0.05). These
results indicate that the Cirebon rivers’ water pH met
the Class Il water quality standards (National
Government Regulations of Republic Indonesia No.
22 of 2021). According to the US-EPA (2021), the
optimal pH to support aquatic organism is ranging
between 6.5 to 8.0.

DO is the amount of oxygen that is present in water.
Primary source of oxygen in water comes from
diffusion and photosynthesis (Salmin, 2005). The
average DO concentrations in the Cirebon district rivers
were varied from 0.45 to 6.83 mg/L. The Kruskal Wallis
test indicated that the seasonal variation and the
different location of the sampling stations did not
influence the DO value (p>0.05). Meanwhile, those in
the Cirebon municipal rivers were between 0.13 t0 9.32
mg/L (Figure 3). Several sampling stations showed DO
values less than the minimum requirement of DO level
(< 4 mg/L) (National Government Regulations of the
Republic of Indonesia No. 22 of 2021). The rivers in
the municipal area that showed low DO values were
SC6 (Sukalila River) and SC8 (Cimanuk River).
Similarly, district rivers with low DO values were SC11
(Pekik River), SC12 (Condong River), and SC13
(Bondet River). SC1 and SC5 exhibited DO values > 4
mg/L.
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Figure 2. Profiles of water pH in Cirebon Rivers.
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Figure 3. Profiles of DO at Cirebon Rivers.

According to Effendi (2003), the DO content in
water is influenced by the decomposition of organic
matter and the oxidation of inorganic materials. The
highest concentration of DO in the observed district
rivers was due to the heavy currents in this area
(Gurning, Rochaddi, & Widada, 2016). The low DO
levels at some stations may indicate the domination of
pollution by organic matters in the river. Buchari, Arka,
Putra, and Dewi (2001) stated that if there are
excessive organic resources that contaminate water
bodies, the dissolved oxygen will be devoured to
decompose it. Hence, the dissolved oxygen content in
the water may drop to a low amount. Furthermore,
according to Martinez and Galera (2011), DO plays an
important role for water-living organisms. Plankton,
fish respiration, and microbial decomposition demand
enormous amounts of oxygen (Boyd, Torrans &
Tucker, 2017) that potentially causes daily oxygen
balance disorder. The absorption of dissolved oxygen
in the water is also caused by the death and
decomposition of algae and submerged plants known
as Carbonaceous Biochemical Oxygen Demand

(CBOD). This process can cause fish and other aquatic
organisms with inadequate quantities of dissolved
oxygen (Minnesota Pollution Control Agency, 2009).

The ammonia concentration in the observed district
and municipal rivers were between 0.09 to 0.29 and
between 0.07 to 10.13 mg/L (Figure 4), respectively.
The Kruskal Wallis test indicated that the seasonal
variations and the different locations of the sampling
stations did not influence the ammonia concentration
(p>0.05). Based on the national standard, the
maximum tolerable concentration of ammonia for class
Il water is 0.2 mg/L water (National Government
Regulations of Republic Indonesia No. 22 of 2021).
Thus, the water quality of the observed rivers is
categorized as highly polluted by ammonia. The SC8
station (Cimanuk River) showed the highest ammonia
concentration, ranging from 4 to 10 mg/L. The
ammonia pollution in rivers may originate from natural
processes and human activities such as household,
industrial, and agricultural wastes (Effendi, 2003). The
Cimanuk Watershed region serves as the primary
drainage system for agriculture, fisheries, and clean
water supplies for the Cirebon and Indramayu areas
(Nurrohman, Widyastuti, & Suprayogi 2018). The
Cimanuk river is also channeled through the agricultural
areas of Kesambi and Kejapan (BPS Cirebon, 2020).
The development of the agricultural area has created
problems related to chemical fertilizers used to increase
agricultural productivity. The leather processing
industry in the upstream area has also contributed to
domestic waste in the Cimanuk river (Sutriati, 2011).

Nutrients, such as nitrates, are important
components for the sustainability of ecosystem
function. Nitrate is a nitrogen component commonly
found in the waters (Pasisingi, Pratiwi, & Krisanti,
2014). The nitrate contents in the Cirebon river
sampling stations were ranging from 0.01 to 0.58 mg/
L (Figure 5). The Kruskal Wallis test indicated that the
seasonal variation influenced the nitrate contents in the
sampling stations (p<0.05), however the different
location did not (p>0.05). In general, the range of
nitrate contents in this study met the permitted
maximum standards limit (<10 mg/L) (National
Government Regulations of Republic Indonesia No.
22 of 2021). Variations of nitrogen content across the
sampling stations were possibly influenced by the
different nutrient inputs from the surrounding municipal
activities. Pasisingi et al., 2014) stated that river is often
transporting waste from mainland that may influence
and change the states of the environment. The nitrate
content of the district rivers were higher during the
end of west monsoon compared to that of the end of
east monsoon. This is might be due to run-off carrying
nitrate from the mainland during the end of west
monsoon.
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Figure 5. Profiles of Nitrate at Cirebon Rivers.

Phosphate is an essential nutrient for algae that may
also affect water fertility. Based on our study, the
concentrations of phosphate in the observed district
rivers exceeded the threshold value (max. 0.2 mg/L)
(National Government Regulations of Republic
Indonesia No. 22 of 2021). Total phosphate
concentrations in both district and municipal rivers
were 0.23 to 1.79 mg/L and 0.32 to 8.70 mg/L (Figure
6), respectively. The Kruskal Wallis test indicated that
the seasonal variation and the different location of the
sampling stations did not influence the phosphate
concentration (p>0.05). In general, phosphate value
in natural waters should be less than 1 mg/L (Boyd,
1988). According to Anhwange, Agbaji, and Gimba
(2012), the maximum recommended level of phosphate
for rivers and waters is 0.1 mg/L. Water with a
phosphate value of more than 0.1 mg/L is categorized
as eutrophic water. Eutrophication is a type of water
pollution produced by excessive nutrients, causing the
uncontrolled development of aquatic plants and
phytoplankton (Simbolon, 2016). Eutrophic waters can
trigger phytoplankton bloom (Kadim, Pasisingi &
Paramata, 2017).

Phosphate is the least abundant of the nutrients
needed in substantial quantities by phytoplankton in
freshwaters. It is the principal nutrient that may restrict
the growth of phytoplankton (Schindler, 1977). It can
limit or co-limit phytoplankton bloom in estuarine and
marine environments with high nitrogen inputs (Rudek,
Paerl, Mallin, & Bates, 1991; Fisher, Peele, Ammerman
& Harding, 1992).

Analyses of STORET and Pollutant Index

(STORET) and (PI) are two approaches used to
assess the quality of river water (Ministry of
Environment Decree No. 115 of 2003). The first has
been commonly used to evaluate water quality status
(Barokah et al., 2017; Triawan, Harlianto, & Nesbah,
2018). This research used five parameters for
calculating the STORET index, i.e., pH, DO, nitrate,
ammonia, and phosphate.

The selected rivers in this study are categorized as
moderately polluted based on the US-EPA STORET
Index (Table 2). The different location of the sampling
stations influenced the STORET index (p<0.05),
however the seasonal variation did not (p>0.05). Rivers
in the Cirebon districts that have a high STORET score
were SC11 (Pekik River), SC12 (Condong River), and
SC 13 (Bondet River). Whereas, that in the municipal
of Cirebon was SC 8 (Cimanuk River) (Figure 7).

SC11 (Pekik River), SC12 (Condong River), and
SC 13 (Bondet River) are located on the north side of
the Cirebon district. The pollution sources in this area
were due to the anthropogenic pressure from
agricultural areas (Jamblang) and densely populated
areas (Tangkil, Gunung Jati, and Samadikun) (BPS
2020). These anthropogenic activities affected the DO,
ammonia, and phosphate parameters to negatively
increase the STORET score (-20) - (-30). These results
were in line with the previous study on the STORET
index of —31 in Condong River (Cirebon District)
(Supenah et al., 2015).

Another method to determine the quality of water
is Pl (Tanjung, Hamuna, & Alianto, 2019). The
difference between the STORET and Pl methods is
the determination of the value or score that is used as
a reference. The STORET method uses a value scale
of -31 to 0, while PI's uses a score of 0 to 10
(Sahabuddin et al., 2014). The analysis principles of
both methods are also different. The STORET index
is based on the weighted scoring of multiple parameters
that are considered significant. Meanwhile, P1 provides
a single score for the observed parameters to interpret
water quality status (Dunca, 2018). In the current
study, the PI values of the observed rivers were less
than 5.0 (Figure 8). Based on the national standard,
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Figure 7. Result of STORET Index of the rivers at Cirebon
region.

the values between 1.0 to 5.0 is categorized as lightly
polluted (Ministry of Environment Decree No. 115 of
2003). The Kruskal Wallis test indicated that the
variations of seasons and locations did not influence
the Cirebon river pollution index (p>0.05).

The results from the current study showed that
the STORET method calculated a higher pollution level
status than PI. These findings were also in accordance

with previous studies (Yusrizal, 2015; Barokah et al.,
2017; Jubaedah, Hariyadi, Muchsin & Kamal, 2015).
The PI results were inconsistent compared to those of
the STORET method.

The discrepancies between STORET and Pl results
can be explained as follow. The STORET index was
calculated based on the maximum, minimum, and mean
values from the data of several water quality samples.
The more water quality parameters that are measured,
the more monitoring parameters that do not meet the
quality standards (from the maximum and minimum
parameter values). Accordingly, the more often these
parameters do not meet the threshold, the worse the
water quality status (Saraswati et al., 2014). In PI,
there is no sub-index score scheme or definitive
(subjective) score per parameter. The most significant
parameter is calculated on the basis of the largest ratio
of concentration to the quality standard. In contrast to
STORET with multiple water quality parameters, Pl is
not sensitive enough to distinguish water quality status
classes. This is because the Pl scoring method only
consider single parameter with maximum Ci/Lij, but
not the average of all water quality parameters.

Results from our study indicated that Cirebon
rivers are categorized as polluted rivers, that may affect
the coastal ecosystem. Continuous improvement is thus
needed to increase river water quality in the Cirebon
area. Improved river water quality will impact the
quality of Cirebon sea waters and the safety of aquatic
organismes.

Conclusion

Seasonal assessment of the water quality from
several Cirebon river estuaries using the STORET and
the P1 methods showed a different result. Based on
the STORET index, the Cirebon rivers was categorized
as moderately polluted (score of -18 to -30).
Meanwhile, the water quality of rivers in Cirebon region
was categorized as lightly polluted based on the Pl
value. The polluted condition of rivers in Cirebon region

~
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Figure 8. Result of spatial (a) and temporal (b) Pollution Index of the rivers at Cirebon Rivers.
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needs attention by all stakeholders. The river condition
possibly influence the Cirebon sea waters’ condition
and affect the safety and quality of some fishery
commodities.
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