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Abstract

Asahan River is one of the rivers that pass in North Sumatra Regency with a length of 147 km which
empties into the Malacca Strait. The Asahan River is classified as a class I (one) river. The conversion
of land functions is quite large around the Asahan watershed, for the stone mining sector, the oil and
gas sector, the industrial sector, plantations and agriculture. This number of activities causes the
Asahan river to have a large potential to experience a decline in quality. Field observations indicate
that several activities have the potential to introduce pollutants into the Asahan River which may
dispose of production waste directly or run off production waste int@he river. The purpose of this
study was to analyze the quality of the Asahan River by determining the Water Quality Status of the
Asahan River. The research area was carried out on the Asahan River as far as 45 Km. River water
quality was measured and observed at 3 sampling points for physical, chemical and biological
parameters. Quality analysis and determination of water quality status used the Storet method and the
pollution index method. The results are (1) DO, BOD, COD, Fecal coliform and Total Coliform
parameters have exceeded the Class I river water quality standard according to South Kalimantan
Governor Regulation No. 5 of 2007 whif# states that the water quality of the Asahan river has
decreased (2) There has been a shift in the status of the water quality of the Asahan river from
upstream to downstream which is indicated by the Storet value and the pollution index value (IP)
which tends to increase based on river criteria according to Government Regulation number 82 of
2001. However, these waters can still be inhabited by various animals including Gastropods, Fish,
Paramecium, Plankton and other microorganisms.

Keywords: Pollution index, water quality and quality status.

Introduction. The fairly large population growth rate goes hand in hand with the rapid development in
all fields in Asahan Regency, North Sumatra. This has a fairly large impact, both positive and negative
impacts. Rivers become the medium that receives these impacts as a result of intensive development
and exploration of natural resources. Anthropogenic activities, such as sand mining, agricultural and
urban runoff, domestic and industrial effluents, have been identified as potential threats to freshwater
ecosystems (J. Heisler, PM Glibert, 2018). Under the availability of excessive nutrients and lack of
proper nutrients and sediment cycle, phytoplankton can grow abundantly leading to conditions of
reduced light penetration and oxygen depletion in water bodies or eutrophication (VH Smith, SB Joye,
2017). In addition, direct disposal of xenobiotic-contaning waste can contaminate freshwater
ecosystem health and limit it. Carrying capacity of biodiversity (Y. Lu, H. Xu, Y. Wang, 2017).
Preserving a healthy aquatic environment is still undergoing the process of following the rapid
development of urban and industrial locations for certain freshwater areas in Indonesia (MC Acreman,
2010 and T. Garg, SE Hamilton, 2018). The distribution and species composition of benthic




macroinvebra can be monitored to assess river water quality (BA Badea, 2017 and K. Kubosova,
2010). Macroinvebral is sensitive to water quality and therefore, is used as a bioindicator of the most
frequently natural and polluted streams (JC Morse, 2009). Sahabuddin et al (2014) stated that the input
of waste into the environment from human activities without considering the carrying capacity and
carrying capacity of the environment causes a bad influence on the quality of the ecosystem, both
physical, chemical and biological as well as the preservation of the aquatic environment. Rivers are
open waters, flowing and have great potential to get input from all discharges originating from human
activities such as agriculture, industry and domestic waste from surrounding settlements. Identification
of macroinvebral diversity and community will help in determining the overall species richness and
abundance in the aquatic environment, especially for suspected polluted rivers (K. Sirisinthuwanich,
2016).

The life of the people of Tabalong Regency cannot be separated from the existence of rivers,
most of them use river water as a source of clean water. Asahan River is one of the rivers that pass
through Tabalong @Bgency with a length of 39 km which empties into the Tabalong River. The
Asahan watershed has an area of gf§147 km2. The Asahan River is classified as a class I (one) river,
namely a river that is designated as a source of raw water for drinking water and other designations
that require the same quality, therefore this river water is used as raw water (intake) and also other
designations such as fishery infrastructure. rivers, livestock and agriculture (Environmental Service
2017).

2
Research glethods. Place and time of research
The research area was carried out on the Asahan River as far as 45 km by dividing it into 3
(three) segments, namely upstream, middle and downstream. The sampling location can be seen
in the following figure.

Pig 1. Sampling Location on Asahan River

The implementation time of this research is 3 (three) months, namely from February to April 2022 and
the river water sampling period is carried out 3 (three) times. The analyzed parameters include
physical, chemical and microbi@gical parameters with the analytical method used adjusted to The
parameters studied are as shown in the following table.

21. Water Quality Anflysis and Determination of River Water Quality Status
The methods used to determine the water quality of the Asahan river and determine the status
of water quality are the Storet method and the Pollution Index (IP) method (Ministry of
Environment, 2003)

2.1.1. STORET method
The stages of @lztermining the status of water quality using the STORET method are carried out
by looking at the negative number of all parameters calculated and determining the quality




status from the total score obtained using the value system in Table 4 below.
Table 3.Determination of the Value System to Determine the Status of Water Quality with the STORET Method

Amoun Score Parameter

Example Physic Chemi Biolog

s cal hi

<10 Maximum -1 -2 -3

Minimum Al A ]

Average -3 -6 -9

> 10 Maximum =2 -4 -6

Minimum Eet -4 -6

o - 1A 1o

Notes: 1) the number of parameters used to determine the quality status

Table 4.Water Quality Status Determination Value System

No Category Score Quality Status
Class A Very well 0 Meet Quality Standard
2 ClassB Well -1to-10 Light Pollution

3 ClassC Currently  -11to -30 Medium Polluted

4 Class D Bad >-31 Heavy Polluted

2.1.2. Pollutiogfhdex Method

(f@ferring to the Decree of the Minister of the Environment Number 115 of 2003, if Lij states
the concentration of water ¢ffillity parameters listed in the Quality Standard of a Water
Designation (j), and Ci states the concentration of water quality parameters (i) obtained from
the analysis of water samples at a location. taking a sample from a river channel, then Pij is
the Pollution Index for the allotment (j) which is a function of Ci/Lij. This Pij price can be
determined by selecting parameters, if the parameter price is low, the water quality will
improve. Select the concentration of quality standard parameters that do not have a range.
Calculate the Ci/Lij value for each parameter at each sampling location. If the parameter
concentration value decreases, the level of pollution increases, for example DO.

The assessment of the PI value is shown in the following table.
Table 5. Pollution Index (IP) Assessment

Index Evaluation
OPij10 Fulfill Quality standards
1.0 < Pij 5.0 Blackened Light
50<Pjj 10 Blackened Currently
Pij> 10 Heavy Polluted

21
gsults And Discussion. Asahan River Water Quality Analysis

Mentioning the quality of the Asahan River means the quality or level of the river's good and
bad. The Asahan River is an object that is the target of very close or direct impacts and the most
sensitive impact on industrial activities or businesses and or exploitation of natural resources around
its banks.
The width of the flow, depth and speed of the current from the Asahan river fluctuate in the upstream,
middle to downstream parts, this of course affects the amount of discharge from the Asahan river.
Discharge is the volume per unit time, the time required for concentration from the farthest point to a
measurement point (Neno et al. 2016). The average data from the measurement of current velocity,
flow width, depth and discharge from the Asahan river are shown in Table 23 below.

Table ﬁAvergge Current Velocity, Flow Width, Depth and Discharge of the Asahan River




Point Measurement

No Parameter Unit -
Hulu Middle  Downstream
1. Flow Width m 8.70 30.12 35.23
2. Depth M 036 276 3.14
3. Current Speed m/sec 075 0.80 0.95
4. debit M2/sec 3766 1633 15.48

Table 23 shows the Asahan river is classified as a river with a discharge between 0 m3/second to 1548
m3/second. In the upper part of the Asahan river, the current velocity is quite large with a narrow flow
width and a small or shallow depth, so that the resulting discharge is still < 5 m3/second, which is
3.766m3/second. In contrast to the middle part, the flow velocity of the Asahan river is the smallest
than the upstream or downstream segments, but has a large flow width and depth, so that the discharge
in this segment is 1633 m3/second. Likewise in the downstream, the flow velocity of the Asahan river
in this segment is the largest and has a large flow width and depth so that the discharge in this segment
is maximized compared to other segments of the Asahan river, which is 1548 m3/second.

The size of the discharge value of a river is very dependent on the flow velocity and the cross-

sectional area of the river. According to Soebarkah (1978) in Neno et al. (2016) many factors affect

the size of the river discharge value, including:

1. Rainfall, rainfall intensity and duration of rain greatly affect the amount of infiltration,
groundwater flow and surface runoff. The length of time it rains is very important in relation to
the length of time the rainwater flows into the river.

2. The topography, shape and slope of the slope atfect the length of flow time. Areas with large
slopes cause heavy surface runoff when compared to areas with flat and small slopes.

3. Geological characteristics, structure and soil characteristics atfect the infiltration capacity.

4. The condition of plants or vegetation cover, affecting more and more trees will cause more water
to disappear through evapotranspiration and infiltration, causing the run off of rainwater to
decrease so that the water discharge can be reduced. The Quality Data from the Asahan River is
shown in Table 7 below.

Table 7.Asahan River Quality Data
. . Point Measurement
No Parameter Unit Raw Quality Hulu Middle Downst
ream
l. DO mg/L 6 5.31 4.10 4.54
2. BODs mg/L 2 2.56 3.55 3.76
3. COD mg/L 10 13.37 12.57 21.37
4. TSS mg/L 50 517 20.33 1533
5. Total Phosphate mg/L 0.2 0.07 0.03 0.05
6.  Fecal Coliform Quantity/10 100 1123.33 056.67 1081.01

3.1.1. DO (Dissolved Oxygen)

According to Wetzel (2001) in Muriasih (2012) states that dissolved oxygen is an essential
compound needed for the metabolism of all aquatic organisms. Dissolved oxygen in waters
fluctuates over time according to the intak§) and utilization by organisms and the
decomposition of microorganisms. Based on the Regulation of the Governor of South
Kalimantan No. 5 of 2007 concerning Designation and River Water Quality Standards, the
tolerated DO value in class I (one) rivers is 6 mg/L.. The DO concentration of the Asahan river
for 3 (three) measurement periods at each sampling point is shown in Graph 1 below.
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Figure 1. DO Concentration in Asahan River

In Graph 1 above, it can be seen that the minimum DO concentration is at the center sampling point at
the second sampling time, which is 5.31mg/L, while the maximum DO concentration is at the
upstream sampling point at the third sampling time, which is 4.10mg/L. . The DO concentration from
upstream to downstream fluctuates, this is because dissolved oxygen levels in water are highly
dependent on temperature, atmospheric pressure in the area around the measurement and the flow
velocity of the river flow (Muriasih, 2012).

Dissolved oxygen levels also fluctuate daily (diurnal) and seasonally, depending on the
mixing (mixing) and movement (turbulence) of water masses, photosynthetic activity, respiration and
waste (effluent) entering water bodies. Dissolved oxygen is used for the degradation of organic
compounds in water (Simanjuntak, 2012).

Dissolved oxygen levels are an indicator of whether the water is polluted or not. Based on the
results of dissolved oxygen analysis, the Asahan River is still good for various aquatic animals
including macrozoobentos, gastropods, plankton and various other animals.

3.12. TSS (Total Suspended Solids) (6]

Total Suspended Solids are suspended materials having a diameter > 1 m retained on a
millipore sieve with a pore diameter of 0.45 m. The total value of suspended solids in water generally
represents the content of organic matter in water because organic matter shows the total substances in
the form of suspended dissolved and in the form of colloidal particles.

Based on Governor Regulation No. 5 of 2007 concerning Designation and River Water
Quality Standards, the TSS value that is tolerated in class I (one) rivers is 50 mg/L.
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Figure 2. TSS Concentration in Asahan River
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In F.igure 2 shows the TSS concentration of the Asahan river fluctuates from upstream, middle
and downstream. The maximum TSS value is only 22 mg/L at the center sampling point at the
first sampling time and the minimum TSS value is only 1 mg/L at the upstream sampling point
at the second sampling time. TSS is strongly influenced by land erosion activities around the
watershed in addition to current velocity and high rainfall which is also one of the driving
factors for erosion.

3.1.3.BOD (Biological Oxygen Demand) 5]

According to Effendi (2003) Biological Oxygen Demand shows the amount of dissolved
oxygen needed by microorganisms, especif@#yy bacteria to decompose or decompose organic
materials under aerobic conditions. River Water Quality Standards, the BOD value that is
tolerated in class I (one) rivers is 2 mg/L. The BOD concentration of the Asahan river for 3
(three) measurement periods at each sampling point is shown in Graph 3 below. In Figure 3 the
BOD concentration at all points has exceeded the quality standard. The highest BOD
concentration value was at the downstream sampling point at the third sampling time of 5.96
mg/L, while the lowest BOD concentration value was at the upstream sampling point at the first
sampling time of 2.24 mg/L. BOD concentration fluctuates, this is caused by residential
activities around the Asahan river watershed. The high value of BOD concentration in the
waters shows the high level of water pollution originating from organic materials (Noprianti et
al., (2013) cited by Djoharam, Riani, and Yani 2018).

Biochemical oxygen demand (mg/L)

Upstream (Pangelak) Midstream (Kasiau) Downstream (Masukau)

Figure 3. Concentration of BOD

3.14. COD (Chemical Oxygen Demand)

According to Effendi (2003), COD is describing the total amount of oxygen needed to
chemically oxidize organic materials, both those that can be degraded biologically and those that are
difficult to degrade biologically into CO2 and H20. Based on Governor Regulation No. 5 of 2007
concerning Designation and Quality Standards for River Water, the value of COD that is tolerated in
class I (one) rivers is 10 mg/L. The COD concentration of the Asahan river for 3 (three) measurement

periods at each sampling point is shown in Graph 5 below.
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Figure 4. COD concentration in Asahan River

Figure 4 shows that the highest COD concentration value is at the downstream sampling point at the
third sampling time of 30.50 mg/L, while the lowest COD concentration value is at the upstream
sampling point at the first sampling time of 6.50 mg/L, This is due to residential and domestic
industrial activities located around the Asahan River Basin which are suppliers of large quantities of
organic materials. Similar to the BOD concentration, the high value of COD concentration in the
waters shows the high level of water pollution originating from organic materials Saksena et al.,
(2008) cited by Djoharam, Riani, and Yani (2018). These organic waste materials will increase the
concentration of COD because in the form of waste that is discharged into the water is chemically
degraded by anaerobic microorganisms. In general, a high concentration of COD in water indicates
the presence of large amounts of organic pollutants. The value of a high COD concentration in waters
is directly proportional to the value of the BOD concentration and is an indicator of the contamination
of a waters (Trilaksono et al. 2001)

3.1.5. Phosphate
According to Effendi (2003) phosphorus in the form of orthophosphorus comes from fertilizers for
agricultural and plantation activities that enter the river through runoff of rainwater and drainage.
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Figure 5. Phosphate Concentration in Asahan River

Based on Governor Regulation No. 5 of 2007 concerning Designation and Quality Standards for River
Water, the phosphate value that is tolerated in class I (one) rivers is 0.2 mg/L. Figure 5 above shows
that the largest phosphate concentration is only 0.09 mg/L at the downstream point at the first
sampling time and the smallest phosphate concentration value is 0.03 mg/L at the middle and
downstream points at the second and third sampling times. Fluctuations in the value of the phosphate
concentration due to the basic stirring process of the water flow and the circulation process from the




surface will greatly affect the concentration (Handoko, 2013 cited by Woelansari, et al. 2017). Patty
(2013) in Woelansari., et al. (2017) explained that the large number of organic substances containing
phosphate levels carried by currents into the waters caused high phosphate levels in the waters, it was
suspected that land had a major influence on phosphate concentrations. Phosphate is a pollutant agent
that can cause eutrophication in waters, which makes algae or water hyacinth appear and multiply.
This Algae boom, if accumulated in large quantities, reduces the solubility of oxygen in the water
because it is used by algae or water hyacinth plants, so that the value of phosphate concentration can
be an indicator of the contamination of waters. which makes algae or water hyacinth arise and
multiply. This Algae boom, if accumulated in large quantities, reduces the solubility of oxygen in the
water because it is used by algae or water hyacinth plants, so that the value of phosphate concentration
can be an indicator of the contamination of waters. which makes algae or water hyacinth arise and
multiply. This Algae boom, if accumulated in large quantities, reduces the solubility of oxygen in the
water because it is used by algae or water hyacinth plants, so that the value of phosphate concentration
can be an indicator of the contamination of waters.

3.1.6.Fecal Coliform

According to Kuswandi (2001) cited by Sutiknowati (2016), 'fecal' E. coli bacteria enter the
waters through river flows and rainwater runoff so that the abundance of bacteria will be higher when
it rains. Based on Governor Regulation No. 5 of 2007 concerning Designation and River Water
Quality Standards, the value of Fecal coliform that is tolerated in class I (one) rivers is 100 jml/100
mL.
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Figure 6. Number of Fecal coliforms in Asahan River

Figure 6 above shows that the largest number of fecal coliforms is 1600 mg/L at the upstream point,
while the smallest number of fecal coliforms is 43 jml/100 mL at the downstream point. The high
number of fecal coliforms is associated with the level of pollution, this is influenced by seasonal
factors and the intensity of domestic waste from land (Lewerissa 2014). Kunarso (1989) cited
(Lewerissa 2014) stated that the presence of coliform bacteria in the waters can be an indicator of the
entry of fecal contaminants in the environment. Fecal coliform bacteria in conditions of high
temperature, salinity levels and high light intensity such as in the middle area of large waters have a
small number. In addition, fecal coliforms will always be found in nutrient-rich water, soil, and
decaying plants (Jumaidi, 2010).

3.1.7. Total Coliform

Total coliform or coliform density is an early indicator of bacteria used to dglermine whether
or not a water source is safe for human consumption (Khotimah, 2013). Based on the Regulation of
the Governor of South Kalimantan No. 5 of 2007 concerning Designation and River Water Quality
Standards, the value of Total Coliform that is tolerated in class I (one) rivers is 1000 jml/100 mL. The




number of fecal coliforms in the Asahan river for 3 (three) measurement periods at each sampling
point is shown in Graph 7 below.
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Figure 7. Total Coliform Count in Asahan River

Figure 8 above shows that the largest number of coliform bacteria is 1600 mg/L at the upstream,
middle and downstream points at the first and third sampling times, while the smallest number of
coliform bacteria is 64 jml/100 mL at the downstream point at that time. second sampling. The results
of the examination showed that the Asahan river was contaminated with coliform bacteria that had
passed the threshold for drinking water and domestic use (1000 jml/100 mL). Locations with a high
density of coliform bacteria are residential locations at the upstream and downstream points as well as
the rubber industry and residential areas around the factory at the center point.

This illustrates that the problem of water polluted by domestic waste is greater due to the
coliform present in the waste and the unhealthy lifestyle of the community. High human activity
around the river causes the entry of organic wastes such as domestic waste into water bodies.
According to Feliatra (2002) cited by Khotimah (2013), the factors causing water pollution are
dominated by the influence of household waste such as feces or other food waste. The location is near

a densely populated settlement with a high population density, the distance from one house to another
is very close,

3
2.2, Determination of Asahan River \.Nater Quality Status
The assessment of the water quality status of the Asahan river was carried out using the Storet
Method and the Pollution Index Method on the results of the analysis of the water quality of the
Asahan river, namely the parameters DO, TSS, BOD, COD, Phosphate, Fecal coliform and Total
Coliform, so that the following results were obtained.




22.1. Storet method
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Figure 8. Determination of the Water Quality Status of the Asahan River with the STORET Method in 2019

Graph 8 shows that the upstream, middle and downstream parts of the Asahan river score between (—
108) to (-110) are heavily polluted for class I (one) rivers. This is due to chemical and biological
parameters whose values exceed the class I quality standard. The parameters are DO, BOD, COD,
Fecal coliform and Total Coliform. Referring to the parameters that exceed the quality standard, it
illustrates that the cause of the contamination of the quality status of the Asahan river comes from
residential activities that produce domestic waste and garbage. However, these waters can still be
inhabited by various animals including gastropods, fish, paramecium, plankton and other
microorganisms.

2.2.2. Pollution Index (IP) Method
According to Saraswati et al (2014), the Pollution Iglex is used to determine the status of river

water quality from only one water quality sampling. The water quality status of instantaneous water

quality monitoring is useful for the study of the control of effluent entering the river (off stream).
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Figure 9. Determination of Water Quality Status of Asahan River Pollution Index (IP) Method

The Asahan River Pollution Index (IP) value from upstream, middle and downstream has increased.
The increase in the value of this index indicates that the water quality status of the Asahan river has
also decreased. The water quality status of the Asahan river from upstream to downstream is lightly
polluted. This states that the water quality of the Asahan river from the upstream, middle and
@wnstrcam parts has shifted from the quality of Class I (One) river water, where the allotted water
can be used for drinking water, and or other uses that require the same water quality as that use. as
stipulated in the Governor's Regulation Number 5 of 2007 the quality of river water is Class Il (Two),




namely water whose designation can be used for water recreation infrastructure or facilities, freshwater
fish cultivation, animal husbandry, water for irrigating crops,

This shift in the water quality status of the Asahan river, of course, has many causes, the first to
be highlighted is the considerable land conversion that occurs in the area along the Asahan river. The
Tabalong Regency Environmental Service stated data on coal mining land, oil and gas activities, the
Crumb Rubber Industry and other businesses such as agriculture, plantations and settlements. The
second is household activities. Every activity carried out by humans will certainly produce waste, as
well as human activities in watersheds. A total of 1790 thousand residents living on the banks of the
Asahan river watershed produce waste such as bath residue, toilets, plastic waste, detergent and food
waste with a potential pollution load of 309443 kg/day (Environmental Service). The third is
industrial waste that is discharged into the river with a pre-processing process or from rain run-off and
drainage, even industrial waste with a permit to dispose of waste water or liquid waste and without a
disposal permit. Another source of causes is the waste of fertilizers and pesticides from agricultural
and plantation activities carried by run-off of rainwater that enters the river.

Conclusion. Based on the results of research and analysis conducted, the following conclusions can be
drawn:

The water quality of the Asahan River has decreased from the results of the analysis of parameters
DO, BOD, COD, Phosphate, TSS, Fecal coliform and Total Coliform. This happens because of
various activities around the waters such as mining, agriculture, domestic waste and industrial waste
as well as other human activities. which produces pollution.

The water quality status of the Asahan River shows moderately polluted according to the
Storet method and light pollution according to the Pollution Index (IP) method. However, these waters
can still be inhabited by various animals including gastropods, fish, paramecium, plankton and other
microorganisms.
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