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Abstract. Bacterial growth media is necessary for bacterial culture in labora-
tory. Bacterial growth media is sold commercially, but its distribution has not
yet reached all regions. Local raw materials that have potential to fertilize the
growth of microorganisms are jicama (Pachyrhizus erosus L.) and tofu. Jicama
(Pachyrhizus erosus L.) can be a source of carbohydrate nutrition and tofu as a
source of protein for microbial growth. This study aims to examine the potential
combination of jicama (Pachyrhizus erosus L.) and tofu as an alternative bacterial
growth medium. This research is an experimental study with a descriptive app-
roach that uses 3 tests. The bacterial inoculation method used is the pour plate
method. The results showed that the natural medium of jicama (Pachyrhizus ero-
sus L.) and the natural medium of tofu cannot be used as an alternative growth
medium for escherichia bacteria. Heating in the process of making the media acti-
vates flavonoids in jicama (Pachyrhizus erosus L.) which can inhibit the growth
of bacteria. The process of making tofu uses vinegar so it is acidic and bacteria
are intolerant of its pH. Different methods and procedures must be carried out to
produce jicama extract (Pachyrhizus erosus L.) and other non-acidic sources of
protein.
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1 Introduction

As the most important river for people’s lives in East Kalimantan, the Mahakam River is
the place for various activities such as transportation, household, restaurants, industry,
plantation activities, and so on[1]. This is no exception in Samarinda City, the capital
of East Kalimantan Province, which is located downstream of the Mahakam River.
According to the research byWarsilan (2019) [2], the land use in SamarindaCity changes
quite drastically from 2000 until 2016 to accommodate its citizens’ need for settlements
and housing. Thus, making Samarinda City a densely populated area in Mahakam’s
watershed.
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Within Samarinda City itself, there are several small rivers that flow to Mahakam
River, such as Karang Mumus and Karang Asam Kecil River. In Karang Mumus River,
there are several activities within its riversides such as agriculture and farm in the
upstream, along with settlements, market, hospital, hotel, etc. in the downstream [3].
As for Karang Asam Kecil River, the land uses in the riversides are such as coal mining
in the upstream and settlements in the downstream [4].

Based on the previous research by Pramaningsih et al. (2017) [3], the water quality
from Karang Mumus River is exceeding the quality standards from Local Regulation
of East Kalimantan No. 2, 2011, which caused by the activities in its riverbanks, such
as household activities that are disposing domestic wastes into the river. According to
Jambeck et al. (2015) [5], domestic waste usually, consists of plastic waste or slowly
degraded waste. The plastic waste within the stream, although will take a long time to
fully degrade, still can degrade into smaller pieces of plastic called microplastic [6]. The
spread of microplastics in the water has become a serious ecological problem for the
aquatic ecosystem. According to Mardiyana & Kristiningsih (2020) [7], the presence
of microplastics in the surface water could accumulate in the aquatic organism. Wright
et al. (2013) [8] added that accumulated microplastics in the aquatic biota caused sev-
eral negative impacts such as digestive tract blockage, blockage of enzyme production,
stunted growth, a decrease of steroid hormone, and failed reproduction.

Several previous studies show that microplastics can be found in the estuary, such as
the Kendal River [9] and the Sei Sikambing River [10]. Thus, the presence of microplas-
tics in the Karang Mumus and Karang Asam Kecil River Estuary is also possible. So
far, the research on microplastics in Samarinda City is still limited, especially on the
estuary of tributaries. Therefore, the purposes of this study are to identify the abundance
of microplastics in the Karang Mumus and Karang Asam Kecil Estuary based on their
shape, size, color, and polymer type, along with to analyze the influence of river depth
with the abundance of microplastics.

2 Methods

2.1 Research Location

This research is carried out in two locations, Karang Mumus River Estuary and Karang
Asam Kecil River Estuary, Samarinda. A densely urban area on the riverside of these
locations is the reasoning behind these selections, as stated in the previous section. The
visualization of the research locations can be seen in Fig. 1.

2.2 Research Procedures

Preparation Stage
Before starting the research, a number of equipment and materials need to be prepared
first. The equipment needed in this study are sample bottles, cool box, oven, glass funnel,
SZP microscope, beaker glass 500 mL. Hot plate, GPS, aluminum foil, water sampler,
vacuum pump, analytical weight balance, latex hose, spatula, and stirrer. The materials
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Fig. 1. The research location of microplastic identification in: a) Karang Mumus River Estuary;
b) Karang Asam Kecil River Estuary

needed are Fe (II) solution 0,5 M, H2O2 solution 30%, NaCl powder, distilled water,
and river water samples.

Determining the Sampling Plots
The determination of plots at the research sites was carried out through field surveys and
observations using Google Earth. The points that have been selected are then recorded
in the coordinates using GPS. In general, there are three sampling plots at each location,
namely at the north, south, and middle plots of the river mouth.

River Water Sampling
Water sampling was carried out based on SNI 03–7016-2004, where the samples were
taken using the integrated sampling and grab sampling method using a water sampler
about 500 ml. Sampling in the northern and southern plots was carried out based on a
depth of 0.5 m, 1 m, and 1.5 m, while in the middle plot it was carried out at the water’s
surface. The cycle was repeated 1 time. The sample that has been taken is then put into
a 1-L glass sample bottle and labeled according to the plot of water collection. Then the
water is stored in a cool box and analyzed in the laboratory.

First Stage Separation Using Nylon Net
The next step is to filter the water using a 25 m nylon filter and a vacuum pump. At
this stage, all solids contained in the samples are separated from the water. The solids
contained in this filter are a mixture of microplastics and impurities.

Organic Matter Elimination
The sample on a nylon filter was then transferred to a beaker with the help of distilled
water. Then, the sample was given a solution of 20 mL of 0.05 M Fe (II) and 20 mL of
30% H2O2 to dissolve the organic matter and the sample was left at room temperature
for 5 min. Fe (II) serves as a catalyst in this process. Next, the beaker glass was given a
stir bar and then covered with aluminum foil and heated on a hotplate with a temperature
of 75 °C. At this stage, the solution reacts and releases bubbles. When it is seen that
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there is a potential for the solution to react until it comes out of the beaker glass, distilled
water is added to slow down the reaction.

Further Separation Using Density Separator
After the organic contaminants were removed, the sample was added with 6 g of NaCl
per 20 ml and stirred using a magnetic stirrer while heated at 75 °C until dissolved to
increase the density value and other materials other than microplastics could settle [11].
The next step is to put the sample into the density separator. The sample is left for 24 h so
that the solid settles, then the solid that settles on the bottom of the tool is discarded. The
part that is discarded is the solid part that settles. The remaining water and microplastic
samples were transferred to a beaker glass and went to the next stage [12].

Second Stage Separation Using Nylon Net
The second filtering stage was carried out using a 25 m nylon filter. The purpose of this
second filtering step is to separate the microplastic from the solution. The difference in
the size of the nylon sieve was used to determine the size variation of the microplastic
contained in the sample. The filter was then covered with aluminum foil and observed
using a microscope.

2.3 Data Analysis

In this research, there are 3 (three) analysis which are: a) the identification of microplas-
tics using Student Zeiss Primo star microscope for determining the shape, size, and color
of microplastics; b) the identification of microplastics using FTIR spectrophotometer for
determining the polymer type of the microplastics; and c) the relationship between the
abundance of microplastics with the river depth.

To facilitate the analysis in points a and c, the determination of the abundance of
microplastics from each sample taken was carried out. The formula used for calculating
the abundance of microplastics can be seen on the Eq. 1.

The abundance of microplastics = The number of microplastics in the sampled water (particle)
The volume of sampled water (litre)

3 Results and Discussion

3.1 The Amount of Microplastics in All Samples

From the samples taken from research locations, there are several processes to separate
the microplastics from the water and other contaminants. After that, the microplastics
fromeach sampled riverwaterwere counted to determine the abundance ofmicroplastics,
along with the identification of shape, size, and color using SZP microscope. For the
abundance of microplastics from each spot within the research locations, it can be seen
at Table 1.

Based on Table 1, there are 14 samples taken from all research locations, which
means that there are about 7 (seven) samples from each location. The highest number
of microplastics’ abundance in Karang Mumus River Estuary is in the middle plot with
96 particles/l, while the lowest one is in the south plot, precisely 1,5 m below surface
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Table 1. The abundance of microplastics from each samples taken

Location The Abundance of Microplastics (particle/litre)

North South Middle

0.5 m 1 m 1.5 m 0.5 m 1 m 1.5 m Surface

Karang Mumus River Estuary 68 54 50 62 50 40 96

Karang Asam Kecil River Estuary 48 38 34 50 34 30 76

water, about 40 particles/l. The same trend also happened in the Karang Asam Kecil
River Estuary, where the highest microplastics’ abundance is in the middle plot with
76 particles/l and the lowest one is in-depth of 1,5 m in the south plot, with 30 parti-
cles/l. Both locations consist of 3 (three) plots: north, south, and middle. In the north
and south plots, the sampling was done in 3 different levels of river depth which are 0,5,
1, and 1,5 m from the surface water. Meanwhile, in the middle plots, the sampling was
only conducted on the surface (around 0,5 m) because of the turbulence in the estuaries,
thus it was difficult to sample the river water at the deeper level.

3.2 The Analysis of Microplastics Based on the Shape

Based on the identification of microplastics that separated from the samples, there are
3 (three) shape types of microplastics found in Karang Mumus and Karang Asam Kecil
River Estuary. Those are fiber, film, and fragment-shaped microplastics. As for the
visualization of those shapes found in research locations, it can be seen on the Fig. 2.

As stated in the previous sub-section, the identification of microplastic types was
done by using an SZPmicroscope alongwith counting the abundance of thosewhile clas-
sifying into the shape, size, and color type found in each sample. After that, all samples
counted from each location were calculated to determine the average of microplastics’
abundance fromKarangMumus and Karang AsamKecil River Estuary. As for the shape
types, the microplastic categorization results in both locations can be seen in Fig. 3.

(a) (b) (c)

Fig. 2. The visualization of microplastics’ shapes from Karang Mumus and Karang Asam River
Estuary: (a) fiber; (b) film; (c) fragment
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Fig. 3. The microplastics categorization from research location based on the shape

It can be seen in Fig. 3 that the fiber type ofmicroplastics dominated in both locations,
which are averaging about 35.14 particles/l in Karang Mumus River Estuary and 25.43
particles/l in Karang Asam Kecil River Estuary. Then, it is followed by film type and
fragment type in both research locations. The domination of the fiber type in Karang
Mumus and Karang Asam Kecil River Estuary is caused by the activities within those
locations in the riversides, such as the resident activities, port activities, and fishing
activities that are using nets. This is supported by the research by Suriyanto et al. (2020)
[13] that found the existence of household, port, and fishing activities tend to generate
fiber type of microplastics. Also, according to Dewi et al. (2015) [14], fishing activities
generate fiber type of microplastics because the basis for making fishing gear such as
cloth, nets, rigging, and fishing boat wastes are scattered in open waters.

3.3 The Analysis of Microplastics Based on the Size

Similar to the shape identification, identifying the size ofmicroplasticswas done by using
an SZP microscope, which gave results of 5 (five) group sizes. The ranges are from 25–
250 µm, 250–500 µm, 500–1,000 µm, 1,000–2,500 µm, and 2,500–5,000 µm. The
microplastic categorization results by the size in both locations can be seen in Fig. 4.

Based on Fig. 4, it can be seen that the 25–250 µm range size of microplastics
dominated in both locations, which are averaging about 35.14 particles/l in Karang
Mumus River Estuary and 25.43 particles/l in KarangAsamKecil River Estuary. Then, it
is followed by the range size of 250–500, 500–1,000, 1,000–2,500, and 2,500–5,000µm
inKarangMumusRiver Estuary,while inKarangAsamKecil River Estuary it is followed
by the range size of 500–1,000, 250–500, 1,000–2,500, and 2,500–5,000 µm.

The domination of the 25–250 µm range size in Karang Mumus and Karang
Asam Kecil River Estuary is related to the low-density characteristic of the small-sized
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Fig. 4. The microplastic categorization from research location based on the size

microplastics. According to Horton et al. (2017) [15], microplastics that have a smaller
density tend to be lighter and are located on the water surface and microplastics that
have a higher density tend to be in the water column or settle in sediments.

3.4 The Analysis of Microplastics Based on the Color

There are 4 (four) color types ofmicroplastics found inKarangMumus andKarangAsam
Kecil River Estuary, which are black, colorless, blue, and red. The black color is found on
the fiber and fragment-shapedmicroplastics, the colorless ones are found on film-shaped
microplastics, the blue ones are found on fiber and film-shaped microplastics, and the
red ones are found on fiber-shapedmicroplastics. Themicroplastic categorization results
by the color in both locations can be seen in Fig. 5.

It can be seen in Fig. 5 that the black-colored microplastics dominated in both
locations, which are averaging about 36.86 particles/l in Karang Mumus River Estuary
and 29.71 particles/l in Karang Asam Kecil River Estuary. Then, it is followed by the
blue, colorless, and red-colored microplastics in Karang Mumus River Estuary, while
in Karang Asam Kecil River Estuary it is followed by the colorless, blue, and red-
colored microplastics. The domination of the black-colored microplastics in Karang
Mumus and Karang Asam Kecil River Estuary could be caused by several factors, such
as the exposure duration ofmicroplastics under sunlight [16], the result of polypropylene
plastic degradation [17], and the presence of organic matter in the water which absorbed
into the microplastics [18].
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Fig. 5. The microplastic categorization from research location based on the color

3.5 The Polymer Type of Microplastics

The identification of microplastics’ polymer type was done through FTIR analysis,
although only some portion of each plot can be analyzed. The results from FTIR anal-
ysis are the wavelength data from each microplastic used for determining the polymer
type by matching those with the reference by Jung et al. (2018) [19]. The result of the
identification can be seen in Table 2.

According to Table 2, it can be seen that the polymer types found on Karang Mumus
and Karang Asam River Estuary are the same, which are consisting of nylon, nitrile,
and polyethylene terephthalate (PETE). Narang et al. (2011) [20] explained that nylon,
especially nylon membranes, are widely used as polymers in the textile and plastics
industry because of their good mechanical, thermal, and chemical properties. Also,
nylon membranes are resistant to high pH, high temperatures and have a small pore size
distribution, and tend to float on the surface of the water. According to Garland (2013)
[21], nitrile is a polymer that can be used in latex and medical gloves. Gloves made of
nitrile are increasingly being used as an alternative to gloves that can cause allergies
(latex). As for the PETE, it is often used as disposable bottles or often also used in the
form of films, but this material is mostly used in the form of fiber [22].

3.6 The Relationship Between River Depth with the Abundan of Microplastics

In this section, the analysis was done by comparing microplastics’ abundance within
the plot, especially the plot that has 3 (three) sampling points based on the river depth,
which are 0.5, 1, and 1.5 m. Because of that, the middle plots are not included in this
analysis. As for the result of the correlation, it can be seen in Fig. 6.
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Table 2. The results of microplastics’ polymer type identification

Sample Wavelength Absorption Band
(Jung et al., 2018)

Polymer Type

Karang Mumus (North) 3313.85 3298 Nylon

1636.26 1605 Nitrile

Karang Mumus
(Middle)

3312.60 3298 Nylon

1636.22 1605 Nitrile

Karang Mumus
(South)

3324.01 3298 Nylon

1036.10 1605 Polyethylene terephthalate
(PETE)

Karang Asam
(North)

3313.85 3298 Nylon

1638.28 1605 Nitrile

Karang Asam
(Middle)

3312.60 3298 Nylon

1315.22 1605 Polyethylene terephthalate
(PETE)

Karang Asam (South) 3324.01 3298 Nylon

1636.10 1605 Nitrile
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Fig. 6. The graphic of relationship between the river depth with the abundance of microplastics

It can be seen in Fig. 6 that the abundance of microplastics is lower along with the
increase in the river depth. They are consistently found in both research locations. This
phenomenon is related to the abundance of small-sized microplastics found in Karang
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Mumus and Karang AsamKecil River Estuary that dominated in those places, especially
with the range size of 25–250 µm. Microplastics that have a smaller density tend to be
lighter and are located on the water surface, while the microplastics that have a higher
density tend to be in the water column or settle in sediments [15].

4 Conclusion

Based on the results found in this study, the conclusions that can be drawn are as follows:

• The type of microplastics found in Karang Mumus and Karang Asam River Estuary
are fiber, film, and fragment where the fiber type dominates. For the size of microplas-
tics, the size of 25–250 µm dominates in both locations. As for the color, there are
black (fiber & fragment), red (fiber), colorless (film), and blue (fiber & film) in both
locations, which dominated by black-colored microplastics.

• The polymer type of microplastics found in Karang Mumus and Karang Asam River
Estuary are nylon, nitrile, and Polyethylene terephthalate (PETE).

• The abundance of microplastics is lower along with the increase of the river depth.
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