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INTRODUCTION

Water is one of the natural resources that has 
an important role in the sustainability of all living 
things on earth, including humans. The United 
Nations Agency declares that water is one of the 
human rights, which means that every human be-
ing on this earth has the same basic right to the use 
of water resources. In Indonesia, the use of water 
has been carried out since ancient times. When 
armed with local knowledge, customs, and cul-
ture passed down from generation to generation, 
most people use water sources in the surrounding 
environment to meet their living needs (Hidayati, 
2016). This is what then gives rise to human de-
pendence on water. Without water, various life 

processes will be disrupted, causing economic 
losses, and can even lead to death (Lestari et al., 
2021). The Ministry of Environment and Forestry 
in a publication entitled Indonesia’s Environmen-
tal Status in 2020 stated that the available water 
resources in Indonesian territory reached 3.9 tril-
lion m3/year, but only 17.69% could be utilized. 
This figure then brought Indonesia into the top 
10 countries rich in water. Wahyuningsih et al. 
(2019), mentioned that the most widely used wa-
ter source by humans to meet their daily needs 
is rivers. This is in line with data published by 
the Ministry of Environment and Forestry in 2020 
which states that surface water sources in Indone-
sia are dominated by rivers with a total of more 
than 5.590 rivers. However, along with the times, 
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many rivers have experienced various problems in 
terms of quality, quantity, and continuity. Problems 
related to water resources in Indonesia are illustrat-
ed in Government Regulation No. 19 of 2020 con-
cerning the National Medium-Term Development 
Plan for 2020–2024 which states that water avail-
ability in several regions of Indonesia, especially 
on the island of Java, is in critical condition with 
water quality at a moderate-heavy pollution level.

The Garuda River is one of the tributaries of the 
Bengawan Solo River in Sragen Regency which is 
suspected of experiencing a decline in water quality. 
One of the reasons for the decline in water quality in 
the river is due to the pollution of waste produced by 
tofu industry activities, especially in Teguhan Vil-
lage, Sragen Wetan Village, Sragen District. Based 
on data obtained from the local RW Chairman, there 
are a total of 57 tofu industries spread across 3 RT 
in Teguhan Village, Sragen Wetan Village, where 
the liquid waste produced from the production pro-
cess is all discharged into the river body without 
going through treatment first. This is known from 
the existence of a pipeline that flows turbid white 
tofu industrial liquid waste into the river water body. 
The Sragen Environmental Agency has built a com-
munal wastewater treatment plant (WWTP) facil-
ity for industrial wastewater treatment in the area. 
However, in reality, industry players whose notabil-
ity is small-scale household industry players do not 
take advantage of these facilities. One of the driving 
factors is the amount of maintenance costs needed 
to carry out maintenance and management (Rach-
mawati et al., 2023). One of these behaviors then 
causes changes in the physical condition of the river 
in the form of high turbidity which can even be as-
sessed with the naked eye. This river water is still 
used as a source of agricultural irrigation and to sup-
port fisheries cultivation. 

In Appendix XVIII of the Regulation of the 
Minister of Environment and Forestry number 5 of 
2014 concerning the quality standards of soybean 
processing (tofu), it is stated that the permissible 
quality standards are BOD of 150 mg/L, COD of 
300 mg/L, TSS of 200 mg/L, and pH 6–9. Mean-
while, liquid waste from the tofu industry has a 
BOD content of 6000–8000 mg/L, COD of 7500–
14000 mg/L, and a fairly low pH of 5–6, which 
if discharged into the river directly without going 
through the processing process first can result in 
disruption of river biological life, reduce water 
quality, and even cause pollution on the groundwa-
ter surface (Pangestu et al., 2021). Although rivers 
can self-purify due to pollutants entering them, in 

quantities that exceed the capacity of the river will 
be difficult to restore its original condition.

Based on the background of the problems 
found in the Garuda River, this study was con-
ducted to determine the quality and PLCC of the 
Garuda River against pollutant sources, especial-
ly those caused by the tofu industry. The measure-
ment of water quality will be used to calculate the 
class or level of water pollution of the Garuda 
River using the pollutant index method while the 
PLCC calculation is carried out using a numeri-
cal modeling method that is calculated through a 
Microsoft Excel-based program, namely QUAL-
2Kw. The determination of water quality status 
and PLCC is expected to be useful as an evaluator 
and mitigation material to overcome the problem 
of river water quality degradation by the entry of 
various pollutant loads into a water body.

MATERIALS AND METHODS

Location and time of research

Administratively, the research was carried out 
within the scope of the village area that is passed by 
the Garuda River, namely in Sragen Wetan Village, 
Sragen District, Sragen Regency, Central Java (Fig-
ure 1). Water measurement and sampling activities 
will be carried out at 5 location points along the river 
flow that are suspected of being polluted due to tofu 
industrial liquid waste located in Teguhan Village, 
Sragen Wetan Village. The coordinate point of the 
measurement location can be seen in Table 1. Fur-
thermore, the measurement of parameters, namely, 
TSS, BOD, COD, DO, total nitrogen, and total Coli-
form will be carried out at the Environmental Labo-
ratory of Perum Jasa Tirta I (PJT I) Surakarta. The 
research was carried out in January 2024.

Types of research and data 
collection techniques

In this study, the research method used is a 
combination of qualitative and quantitative de-
scriptive analysis methods. The data used in this 
study includes primary data such as sampling point 
data, river water and wastewater quality data, in-
terview data, and also documentation and second-
ary data including data related to river climatology 
and meteorology data. The primary data collection 
technique used is through direct data collection in 
the field and interviews with related parties.
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Data analysis

Analysis of river water quality status

The data from the measurement results of 
water quality parameters that have been obta-
ined from field measurements and laboratory 
tests are then analyzed and calculated using the 
pollution index method. The pollution index 
method is fairly simple in calculating the level 
of pollution relative to the water quality stan-
dards that have been determined following its 
designation. The use of this method in determi-
ning the status of river water quality is carried 
out by referring to the Decree of the Minister of 
Environment Number 115 of 2003 concerning 
the determination of water quality status, which 
states that one of the methods that can be used 

to determine the level of pollution relative to se-
veral water quality parameters is the PI method. 
The calculation of PI value can be done using 
the following formula:

	 𝑃𝑃𝑃𝑃𝑃𝑃 = √( 𝐶𝐶𝐶𝐶
𝐿𝐿𝐿𝐿𝐿𝐿)М2+ ( 𝐶𝐶𝐶𝐶

𝐿𝐿𝐿𝐿𝐿𝐿)𝑅𝑅2 
2  (1) 

 
 𝑅𝑅𝑅𝑅𝑅𝑅 =  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 · 100% (2) 
 

 𝐵𝐵𝐵𝐵 = 𝑄𝑄 · 𝑐𝑐 · 𝑓𝑓 (3) 
 

 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑃𝑃𝑃𝑃 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 −  𝑃𝑃𝑃𝑃 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 (4) 
 

	 (1)

where:	PIj – pollution index for its designation (j), 
Ci – concentration of water quality param-
eters (i), Lij – listed in the water quality 
standards (j), M – maximum, R – average.

Based on the results of the Pollution Index 
calculation that has been obtained, then an assess-
ment of the quality status of river water quality 
can be carried out with 4 assessment categories 
following Table 2.

Figure 1. Research location

Table 1. Measurement location coordinate point (GPS essentials)

Sampling points
Coordinate points

Location information
S E

1 07°26.017’ 111°01.849’ Administrative boundaries

2 07°26.817’ 111°01.819’ Polluting area: Tofu industrial area

3 07°25.445’ 111°01.598’ Utilization Point: Krapyak Dam

4 07°25.208’ 111°01.547’ Residential areas
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Analysis of pollution load carrying capacity

The pollution load carrying capacity (PLCC) 
was calculated using a numerical modeling meth-
od that was calculated through a Microsoft Excel-
based program, QUAL2Kw. The stages in the 
simulation using the QUAL2Kw model, accord-
ing to Ilfan et al. (2022), include the program in-
stallation stage, model formation and calibration, 
model validation, and modeling simulation. After 
calibrating the model, the next step is to validate 
the model to determine the suitability of the re-
sulting model with the input water quality data. 
The results of this model validation will later be 
used to find out whether the model is accepted or 
rejected to run a simulation scenario that is use-
ful for formulating recommendations to prevent 
and overcome water pollution that occurs due to 
the presence of contaminants or pollutant loads 
(Antunes et al., 2018). Kamal et al. (2020) stated 
that model validation could be tested using the 
Relative Percentage Difference (RPD) calcula-
tion method with the following equation:

	

 𝑃𝑃𝑃𝑃𝑃𝑃 = √( 𝐶𝐶𝐶𝐶
𝐿𝐿𝐿𝐿𝐿𝐿)М2+ ( 𝐶𝐶𝐶𝐶

𝐿𝐿𝐿𝐿𝐿𝐿)𝑅𝑅2 
2  (1) 

 
 𝑅𝑅𝑅𝑅𝑅𝑅 =  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 · 100% (2) 
 

 𝐵𝐵𝐵𝐵 = 𝑄𝑄 · 𝑐𝑐 · 𝑓𝑓 (3) 
 

 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑃𝑃𝑃𝑃 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 −  𝑃𝑃𝑃𝑃 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 (4) 
 

	 (2)

where:	RPD – relative percentage difference, Csim 
– simulation model concentration (mg/l), 
Cobs – observation concentration (mg/l).

Based on the results of the calculation of the 
RPD value that has been obtained, then an assess-
ment can be carried out whether the model can be 
accepted or rejected. Kamal et al. (2020) stated 
that modeling is acceptable if the RPD value is 

≤ 25%. After model calibration and validation, 
modeling simulations can be carried out through 
several modeling scenarios. In this study, simula-
tion scenarios were used for modeling the water 
quality of the Garuda River.

Each simulation scenario carried out in water 
quality modeling will produce a pollutant concen-
tration which is then used in the calculation to ob-
tain the pollutant load indigo following Govern-
ment Regulation Number 82 of 2001 concerning 
water quality management and water pollution 
control. The calculation can be done through the 
following equation:
	

 𝑃𝑃𝑃𝑃𝑃𝑃 = √( 𝐶𝐶𝐶𝐶
𝐿𝐿𝐿𝐿𝐿𝐿)М2+ ( 𝐶𝐶𝐶𝐶

𝐿𝐿𝐿𝐿𝐿𝐿)𝑅𝑅2 
2  (1) 

 
 𝑅𝑅𝑅𝑅𝑅𝑅 =  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 · 100% (2) 
 

 𝐵𝐵𝐵𝐵 = 𝑄𝑄 · 𝑐𝑐 · 𝑓𝑓 (3) 
 

 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑃𝑃𝑃𝑃 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 −  𝑃𝑃𝑃𝑃 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 (4) 
 

	 (3)

where:	BP – pollution load (kg/day), Q – waste 
discharge (m3/second), c – pollutant con-
centration (mg/l), f – conversion factor 
from m3/s x mg/l to kg/hr (86.4).

Furthermore, the pollution load carrying ca-
pacity (PLCC) can be calculated by the following 
formula:
	 PLCC = PLaqs – PLm	 (4)
where:	PLCC – pollution load carrying capacity 

(kg/day), PL – pollution load (kg/day), 
PLaqs – PL according to quality standards, 
PLm – PL measured.

RESULT AND DISCUSSION

Garuda river water quality analysis

Assessment of water quality is obtained by 
comparing the measurement results that have been 
obtained with the applicable water quality stan-
dards. The Garuda River is used for agricultural 
and fishery irrigation as well as a source of raw wa-
ter for Karanganyar Regency and Sragen Regency. 
Based on Government Regulation of the Republic 
of Indonesia Number 22 of 2021 concerning the 
Implementation of Environmental Protection and 
Management, water used in freshwater fish farm-
ing, livestock, water for irrigating plants, and/

Table 2. Pollution index category (Decree of the 
Minister of Environment Number 115 of 2003)

Pollution index score Quality status

0 ≤ PI ≤ 1.0 Good

1.1 ˂ PI ≤ 5.0 Lightly polluted

5.1 ˂ PI ≤ 10 Moderately polluted

PI ˃ 10 Heavily polluted

Source: Decree of the Minister of Environment 
Number 115 of 2003.

Table 3. Water quality modeling simulation scenarios
Scenario Upstream condition River quality data Sources of pollution River water quality

1 Existing Existing Existing Model

2 Existing Existing Meet wastewater QS Model

3 Existing Meet QS class III – Model

Note: QS – quality standards.
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or other designations that require the same water 
quality as the use is included in the designation 
class III. Therefore, to find out how the condition 
of water quality in the Garuda River can be done 
by comparing the results of water quality mea-
surements with class III water quality standards. 
The results of water quality measurements at five 
points in the Garuda River flow, precisely in Sra-
gen Wetan Village, can be seen in Table 4.

Temperature

The results of temperature measurements at 
5 points of the research location in the Garuda 
River were 27.6 °C, 28.27 °C, 29.23 °C, 29.17 
°C, and 29.50 °C. Based on the results of these 
measurements, it can be seen that the water tem-
perature in the Garuda River tends to increase at 
each point. When compared to Government Reg-
ulation of the Republic of Indonesia Number 22 
of 2021 which states that the river water tempera-
ture has a quality standard of deviation 3 from the 
normal temperature, which ranges from 22–28 
°C, the result is obtained that the temperature at 
point 1 is still within the normal limit and under 
the quality standards that have been set while the 
other 4 points exceed the quality standards that 
have been set. One of these can be influenced by 
several external factors, including the habit of 
the community in throwing waste into the river. 
The Garuda River, located in a densely populated 
residential area and a fairly large level of tofu in-
dustry activity, especially in the area around point 
2, namely Teguhan Village, is one of the triggers 

for the increase in water temperature in the river. 
This is to the statement of Pagoray et al. (2021) 
which stated that one of the factors that cause the 
temperature of water to be high is the discharge of 
excessive amounts of tofu liquid waste into water 
bodies which then has an impact on the survival 
and metabolism of aquatic organisms in it.

Turbidity

The results of measuring the turbidity value 
in the Garuda River at points 1 to 5 are 131 NTU, 
134 NTU, 104 NTU, 105 NTU, and 88.60 NTU, 
respectively. Based on these results, it was found 
that the turbidity value tended to increase at point 
2 and relatively decreased at the next points. One 
of the reasons for this is the position of point 2 
which is adjacent to the location of the tofu in-
dustry where most industry players dispose of the 
liquid waste they produce directly into the river 
without going through the processing process 
first. The waste that is disposed of is liquid waste 
left over from production activities with a rela-
tively cloudy white color that is still mixed with 
whitish waste which is the rest of soybean mills. 
This, of course, has an impact on the high value 
of turbidity in the river and can even be seen with 
the naked eye. In addition, the presence of tofu 
liquid waste that enters the river also causes an 
unpleasant odor. Furthermore, the decrease in 
turbidity value at points 3 to 4 is influenced by 
several factors including river hydrological fac-
tors such as depth and flow velocity. The depth and 
speed of water flow are factors that affect the stirring 

Table 4. Results of water quality measurement in the Garuda River

Parameters Unit
Measurement location Quality standards 

(Grade III)1 2 3 4 5

Temperature °C 27.60 28.27 29.23 29.17 29.50 Deviation 3

Turbidity NTU 131 134 104 105 88.60 –

TSS mg/L 129.50 116.50 99 111 93.50 100

pH - 7.39 7.38 7.33 7.23 7.21 6–9

DO mg/L 6.66 6.18 6.07 6.22 6.51 Minimum 3

BOD mg/L 5.46 5.04 5.20 4.86 4.80 6

COD mg/L 22.55 22.24 26.11 21.98 21.47 40

Nitrate (NO3-N) mg/L 1.88 1.92 2.17 2.28 2.37 20

Nitrite (NO2-N) mg/L 0.07 0.01 0.24 0.21 0.22 0.06

Total Kjeldahl N mg/L 0.0789 0.0785 0.0785 0.0695 0.0742 –

Ammonia mg/L 0.2285 0.2168 0.2093 0.2197 0.2191 0.5

Total nitrogen mg/L 2.26 2.22 2.699 2.785 2.886 25

Total Coliform MPN/100 ml 5,400 16,000 3,500 16,000 22,000 10,000

Source: PJT I lab analysis and author analysis results (2024).
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of water masses and the sedimentation process, 
where increasing depth with a small flow speed 
causes the stirring of water masses to be low and 
the sedimentation process to increase (Nurlinda et 
al., 2019). This statement is by the existing condi-
tions that occur in the Garuda River, where points 1 
and 2 with deeper depth and slower flow speed than 
other points produce a greater concentration of tur-
bidity than other points. Meanwhile, points 3, 4, and 
5 with relatively shallower depths with relatively 
faster flow speeds produce smaller turbidity values.

Total suspended solid (TSS)

The results of measuring the concentration 
of TSS in the Garuda River at points 1 to 5 con-
secutively were 129.5 mg/l, 116.5 mg/l, 99 mg/l, 
111 mg/l, and 93.5 mg/l. Based on these results, 
it was found that the concentration of TSS at 5 
points of the Garuda River with a value close to 
or even exceeding 100 mg/l indicates a tendency 
to decrease the concentration downstream. From 
these results, it can be concluded that the TSS 
parameters at 3 measurement locations have ex-
ceeded the quality standards for class III water 
quality because they have exceeded 100 mg/l (PP 
RI No. 22 of 2021). The high TSS value at the 
5 measurement points can be caused by domes-
tic waste, industrial waste, and water runoff that 
enters the river water body. Similar to the turbid-
ity value, the magnitude of the concentration of 
TSS in the Garuda River is also influenced by 
different hydrological conditions at each point. 
This then causes fluctuations in TSS concentra-
tions at all 5 measurement points. The difference 
in river topographic conditions has an impact on 
the speed of stirring water masses and the sedi-
mentation process. The measurement results for 
the TSS parameter follow the results of research 
conducted by Simbolon et al. (2020) which stated 
that the further downstream the TSS concentra-
tion becomes lower due to the influence of lower 
detachment and greater river water flow speed.

Degree of acidity (pH)

The results of measuring the pH value of the 
Garuda River showed results ranging from 7.21 
to 7.39. From these results, it can be seen that the 
pH value at the 5 points shows that the pH value 
still meets the set quality standards, which is still 
in the range of values 6 to 9 (PP RI No. 22 of 
2021). The pH value shows the same trend for 

each location and meets the water quality stan-
dard which indicates that the source of pollutants 
that enter the water body has been mixed and di-
luted by river water so that the value still meets 
the water quality standard value (Rahman and Fa-
jriati, 2021). With a pH value that still meets these 
quality standards, bacteria can grow well which 
will accelerate the decomposition process.

Dissolver oxygen (DO)

The results of measuring the concentration of 
DO in the Garuda River at points 1 to 5 consecu-
tively were 6.66 mg/l, 6.18 mg/l, 6.07 mg/l, 6.22 
mg/l, and 6.51 mg/l. Based on these results, it was 
found that the concentration of DO at 5 points of 
the Garuda River still meets the quality standard 
for class III water quality, which is 3 mg/l and 
above (PP RI No. 22 of 2021). DO in point 1 has 
the highest concentration of DO than other points, 
so it can be concluded that point 1 has better water 
conditions than other points. However, at points 2 
and 3, it was found that the concentration of DO 
in water tended to decrease which then increased 
again at points 4 and 5. One of these is due to 
the input of tofu industrial liquid waste around 
point 2. Tofu wastewater has a pH that tends to be 
acidic which can cause a decrease in DO concen-
tration in a body of water (Hidayati et al., 2021).

Biochemical oxygen demand (BOD)

The results of measuring BOD levels in the 
Garuda River at points 1 to 5 consecutively were 
5.46 mg/l; 5.04 mg/l; 5.20 mg/l; 4.86 mg/l; and 
4.8 mg/l. Based on these results, it was found that 
the concentration of BOD at 5 points of the Garu-
da River still meets the quality standard for class 
III water quality, which is 6 mg/l (PP RI No. 22 
of 2021). The measurement results showed that 
the concentration of BOD at 5 points of the mea-
surement location fluctuated quite a bit and was 
almost close to the quality standard. One of these 
can be influenced by residential activities around 
the Garuda River. In addition, the discharge of 
liquid waste from the tofu industry also causes the 
water condition of the Garuda River to become 
cloudy and dirty so the concentration of BOD is 
high. Tofu waste has a very high BOD content so 
if it is directly discharged into water bodies, it can 
trigger an increase in microorganisms that have 
the potential to reduce dissolved oxygen levels in 
water (Amalia et al., 2022). This, of course, can 
interfere with the survival of aquatic organisms 
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in it and severe conditions can cause the death of 
aquatic organisms and can disrupt the balance of 
the ecosystem. However, based on the measure-
ment results, it was found that the concentration of 
BOD that still met the quality standards showed a 
positive correlation with the DO parameter where 
when this study was carried out the Garuda River 
still had sufficient dissolved oxygen content so 
that microorganisms could decipher the pollutant 
load that entered it properly.

Chemical oxygen demand (COD)

The results of measuring COD concentrations 
in the Garuda River at points 1 to 5 consecutively 
were 22.55 mg/l, 22.24 mg/l, 26.11 mg/l, 21.98 
mg/l, and 21.47 mg/l. Based on these results, it 
was found that the COD concentration at the 5 
measurement points still met the quality standards 
for class III water quality, which was 40 mg/l (PP 
RI No. 22 of 2021). When compared to the other 
4 points, point 3 shows the highest concentration 
of COD parameters. The high measurement re-
sults show the high content of chemicals that pol-
lute the waters due to activities carried out by the 
community. Waste from the use of chemicals such 
as soap and detergent that directly or indirectly 
enters water bodies can contribute to pollutants 
that can have an impact on high concentrations 
of COD. In addition, waste from livestock activi-
ties and tofu industry waste around point 3 is also 
the main source of organic materials that trigger 
an increase in COD concentrations at that point 
(Sumantri and Rahmani, 2020). High concentra-
tions of COD can of course affect the survival of 
aquatic organisms living in them. Similar to the 
results of the BOD parameter measurement, the 
results of the COD parameter measurement also 
showed a positive correlation with the DO param-
eter where when this study was carried out the 
Garuda River still had sufficient dissolved oxygen 
content so that microorganisms could decipher 
the pollutant load that entered it properly.

Nitrate (NO3
-)

The results of measuring the concentration 
of Nitrate in the Garuda River at points 1 to 5 
consecutively were 1.88 mg/l, 1.92 mg/l, 2.17 
mg/l, 2.28 mg/l, and 2.37 mg/l. Based on these 
results, it was found that the nitrate concentration 
at 5 points was still relatively low with an increas-
ing tendency at each point but was still below the 
quality standard for class III water quality, which 

was 20 mg/l (PP RI No. 22 of 2021). The results 
show that the Garuda River is classified as me-
sotrophic waters with moderate nutrient levels. 
Although the nitrate content in the Garuda River 
is still quite low, this amount does not meet the 
concentration in its natural condition, which is 
more than 0.1 mg/l. One of these is due to the ex-
istence of nitrogen fertilizer waste, organic waste 
derived from human feces, domestic waste, live-
stock waste, and also due to tofu industrial liquid 
waste around the research site.

Nitrite (NO2
-)

The results of the measurement of nitrite 
concentration in the Garuda River at points 1 to 
5 consecutively were 0.07 mg/l, 0.01 mg/l, 0.24 
mg/l, 0.21 mg/l, and 0.22 mg/l. Nitrite concen-
trations ranged from 0.01 to 0.24 mg/l. Based on 
the distribution of nitrite concentrations at the 5 
measurement points, it was found that the water 
of the Garuda River was no longer in its natural 
condition because it had exceeded the concentra-
tion of 0.001 mg/l. When compared to the quality 
standards, the nitrate concentration at points 1, 3, 
4, and 5 has exceeded the class III water quality 
standard of 0.06 mg/l while point 2 still meets the 
quality standard (PP RI No. 22 of 2021). Based on 
the measurement results, it was found that there 
was a decrease in nitrite concentration at point 2, 
then an increase at point 3, and tended to decrease 
at the next measurement point. The decrease in 
nitrite concentrations at points 2, 4, and 5 is in-
fluenced by self-purification ability which is in-
fluenced by hydraulic conditions and the type of 
pollutant source (Novita et al., 2020). Then it was 
found that there was a considerable increase in 
nitrite concentration at point 3 caused by the input 
of domestic waste and waste from industrial activ-
ities (Mahyudin et al., 2015). In the context of this 
study, the industry that is suspected of causing the 
high nitrite content is the tofu industry which is 
around point 2 to point 3, so the concentration ac-
cumulates at point 3. Tofu industrial liquid waste 
contains organic substances such as proteins, fats, 
and other suspended solids that through the de-
composition process will produce chemical com-
pounds such as nitrates, nitrites, and ammonia 
with a fairly high concentration (Perkasa, 2014).

Total Kjeldahl nitrogen (TKN)

The results of TKN measurements in the 
Garuda River at points 1 to 5 consecutively are 
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0.0789 mg/l, 0.0785 mg/l, 0.0785 mg/l, 0.0695 
mg/l, and 0.0742 mg/l. Based on these results, it 
was found that the concentration of TKN in the 
Garuda River tends to be quite volatile with the 
highest concentration found at point 1 and the 
lowest at point 4. The high concentration of TKN 
in water indicates that there is a greater indication 
of water quality problems. Generally, the higher 
the total nitrogen concentration in water, the in-
crease in algae growth which then has an impact 
on the higher turbidity value and lack of dissolved 
oxygen concentration due to sunlight being dif-
ficult to enter water bodies. This condition can 
then be used as a natural indicator in determining 
water quality where if there is a sudden spike in 
concentration marked by an increasing number of 
algae plants on the water surface, it can be sus-
pected that there is a problem in waste manage-
ment around the location of the waters.

Ammonia (NH3)

The results of measuring the concentration of 
ammonia in the Garuda River at points 1 to 5 con-
secutively were 0.2285 mg/l, 0.2168 mg/l, 0.2093 
mg/l, 0.2197 mg/l, and 0.2191 mg/l. Based on the 
results of these measurements, it was found that 
the concentration of ammonia at 5 measurement 
points of the Garuda River still met the quality 
standards for class III water quality, which was 
0.5 mg/l (PP RI No. 22 of 2021). The existence 
of ammonia content at the 5 measurement points 
can be caused by the presence of domestic waste, 
industrial waste, agricultural waste, and livestock 
waste that enter water bodies. In addition, the 
concentration of ammonia in the Garuda River is 
also influenced by the difference in temperature 
and pH conditions at each measurement point 
(Isma and Isma, 2019).

Total nitrogen

The results of the Total Nitrogen measure-
ment in the Garuda River at points 1 to 5 consec-
utively are 2.260 mg/l; 2.220 mg/l; 2.699 mg/l; 
2.785 mg/l; and 2.886 mg/l. It was found that the 
concentration of the Garuda River ranged from 
2.220 mg/l to 2.886 mg/l. Based on the distribu-
tion of TN concentrations at the 5 measurement 
points of the Garuda River, it was found that the 
water of the Garuda River still meets the quality 
standard for class III water quality, which is 25 
mg/l (PP RI No. 22 of 2021).

Total coliform

Total coliform is one of the biological param-
eters in water quality that can be used as an indica-
tor of the presence or absence of pollution due to 
fecal contamination and other waste that can cause 
health problems in humans (Kadarsih and Caesar, 
2017). The results of the Total coliform measure-
ments in the Garuda River at points 1 to 5 were 
5,400 MPN/100 ml, 16,000 MPN/100 ml, 3,500 
MPN/100 ml, 16,000 MPN/100 ml, and 22,000 
MPN/100 ml. Based on the results of these mea-
surements, it was found that the total coliform at 
3 measurement points of the Garuda River has ex-
ceeded the quality standard for class III water qual-
ity, which is 10,000 MP/100 ml, while the other 2 
points, namely points 1 and 3, are still below the 
set quality standard (PP RI No. 22 of 2021).

Analysis of the quality status of 
garuda river water quality

Referring to the Decree of the Minister of En-
vironment Number 115 of 2003 concerning the De-
termination of Water Quality Status, the determina-
tion of water quality status can be carried out using 
several methods, one of which is the Pollution Index 
method. The calculation of the PI of Garuda River 
water is based on the results of water quality mea-
surements carried out in January 2024. The results of 
the calculation of the water quality status of the Ga-
ruda River using the Pollutant Index method are ex-
pected to be useful as elevator materials and mitiga-
tion to overcome the problem of pollution or degra-
dation of river water quality due to the large amount 
of pollutant load that enters it. The results of the cal-
culation of the water quality IP of the Garuda River 
in the measurement period can be seen in Table 5 
and Figure 2. Based on the results of the calculations 
in Table 5 and Figure 2 above, it can be seen that the 
Garuda River flowing in Sragen Wetan Village start-
ing from point 1 to point 5 is proven to be polluted 
with a lightly polluted quality status with a pollution 
value or score ranging from 1.49 to 2.91. Based on 
the graph of the IP calculation results as presented in 
Figure 2, the result is that there is a tendency to in-
crease at each measurement point, which means that 
downstream the water quality decreases or worsens. 
The improvement and/or decrease in water quality 
status can be influenced by anthropogenic activities 
of land use, the type of vegetation around the river 
flow, and also the source of pollutants that enter it 
(Kudubun et al., 2020).
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Analysis of pollutant load and carrying 
capacity of garuda river pollution load

The amount of pollution burden and pollu-
tion capacity of the Garuda River were obtained 
through numerical modeling that was calculated 
through a Microsoft Excel-based program, namely 
QUAL2Kw. The determination of DBTP val-
ues is carried out for all parameters contained in 
the water quality standards at water sources that 
have been determined. However, in this study, the 
DBTP calculation was carried out by focusing only 
on a few key parameters that are characteristic of 
the pollutant load in the Garuda River, especially 
those that come from tofu industry point source 
waste, namely COD, BOD, and TSS parameters. 
The determination of these key parameters is based 
on the significance of a parameter to the level of 
river pollution (Rahmawati and Siwiendrayanti, 
2023). Based on the analysis of water quality and 
the calculation of the Pollutant Index that has been 
carried out previously, it was found that the exis-
tence of the tofu industry in Teguhan Village has a 
considerable influence on the decline in the water 
quality of the Garuda River. Regulations related to 

tofu industrial waste are regulated in the Regula-
tion of the Minister of Environment and Forestry 
number 5 of 2014 concerning the quality standards 
for soybean processing (tofu), precisely in At-
tachment XVIII which states that the permissible 
quality standards for tofu industrial wastewater are 
BOD of 150 mg/L, COD of 200 mg/L, TSS of 300 
mg/L, and pH 7. These conditions then underlie 
the selection of COD, BOD, and TSS parameters 
as key parameters to determine the Garuda River 
DTBP against pollutant sources originating from 
tofu industrial waste.

Quality of pollutant sources

In this study, the source of pollution that is the 
focus of the study is the source of point source 
pollution which comes from the results of tofu in-
dustry activities carried out by most of the people 
of Teguhan Village, Sragen. Based on the analysis 
of water quality and the calculation of the Pollut-
ant Index that has been carried out previously, it 
was found that the existence of the tofu industry 
in Teguhan Village in segment B has a consider-
able influence on the decline in the water quality 

Table 5. Calculation of water pollution index value in Garuda River

Measurement location
Ci/Lij

PI Score Percentage increase Quality status
Max Average

Point 1 2.57 0.68 1.88 0% Lightly polluted

Point 2 2.02 0.60 1.49 -39% Lightly polluted

Point 3 4.04 0.81 2.91 142% Lightly polluted

Point 4 3.76 0.94 2.74 -17% Lightly polluted

Point 5 3.84 0.99 2.81 7% Lightly polluted

Figure 2. Garuda River pollution index value



320

Ecological Engineering & Environmental Technology 2024, 25(9), 311–327

of the Garuda River. Therefore, in this study, data 
related to the quality of pollutant sources was ob-
tained through testing of tofu industrial wastewa-
ter samples. Sampling was carried out in one of 
the tofu industries owned by residents on January 
31, 2024, at 11.45 WIB, which at that time was 
the time when the wastewater was discharged into 
the river. Tofu wastewater samples were taken us-
ing a jerry can container with a size of 2.5 liters 
then tightly closed and preserved in a coolbox for 
further quality testing at the Environmental Labo-
ratory of Perum Jasa Tirta I. The results of waste-
water quality measurements are shown in Table 6.

In the Regulation of the Minister of Environ-
ment and Forestry number 5 of 2014 concerning 
the quality standards of soybean processing (tofu), 
it is stated that the permissible quality standards 
are BOD of 150 mg/L, COD of 300 mg/L, TSS of 
200 mg/L, and pH 6–9. Meanwhile, based on the 
measurement results that have been obtained, it is 
found that almost all of the tofu wastewater qual-
ity parameters have passed the set quality stan-
dards. Based on the results of field measurements 
and laboratory tests, it was found that wastewater 

from the tofu industry in Teguhan Village, Sragen 
has a TSS content of 461.7 mg/l, BOD5 of 1204 
mg/l, COD of 5477 mg/l, temperature of 56 °C, 
and a moderately acidic pH of 3.59.

Model calibration and validation

Calibration is a method used to adjust the water 
quality of the analysis with the water quality in the 
model. In this modeling, the calibrated parameters 
are hydraulic parameters in the form of discharge 
and flow velocity as well as water quality param-
eters including TSS, COD, and BOD parameters 
(Figure 3). Calibration is carried out using the trial 
and error method. Where in hydraulic parameters, 
trial and error is carried out by changing the values 
in the manning column of the formula on the reach 
worksheet until it produces a model that is close 
to the state or following the desired state (Fajarud-
din, 2017). As for water quality parameters, trial 
and error is carried out by changing the discharge 
value and concentration of pollutants, both point 
source pollutants and non-point source pollutants. 
The existence of time differences and variations in 

Table 6. Results of tofu industrial wastewater quality measurement
Parameters Unit Result Quality standards Analysis methods

Temperature °C 56 - SNI 06-6989.23-2005

pH - 3.59 6–9 SNI 6989.11:2019

TSS mg/L 461.7 200 APHA 2540 D-2017

BOD5 mg/L 1204 150 APHA 5210 B-2017

COD mg/L 5477 300 SNI 6989.2:2019

Source: PJT I lab analysis and author analysis results (2024).

Figure 3. QUAL2Kw calibration model of Garuda River: (a) debit model chart, (b) flow velocity model graph, 
(c) TSS model graph, (d) BOD model graph, and (e) COD model graph (QUAL2Kw Modeling, 2024)
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data, both river water quality data and wastewater 
quality, make calibration one of the most impor-
tant steps to take. The results of the water quality 
model calibration process using the trial and error 
method are shown in Figure 3. To find out whether 
the model is close to the actual condition or not, the 
next step is to carry out the model validation pro-
cess. In this modeling, model validation is carried 
out by calculating the relative percentage difference 
(RPD) value. The results of the calculation of the 

RPD value on the QUAL2Kw model can be seen in 
Table 8 to Table 11. Based on the RPD calculations 
that have been carried out, it was found that the RPD 
value for the discharge model is 25%, the flow rate 
model is 7%, the TSS parameter model is 19%, the 
BOD parameter model is 5%, and the COD param-
eter model is 5%. The value has been following the 
provisions because the magnitude is ≤ 25% (Kamal 
et al., 2020) so the modeling is accepted and can be 
used to simulate several modeling scenarios.

Table 7. Relative percentage difference debit analysis
Measurement location Existing concentration Model concentration Result RPD

Point 1 2.21 2.21 0.00

25%

Point 2 1.89 2.21 0.17

Point 3 1.78 2.21 0.24

Point 4 1.63 2.21 0.36

Point 5 1.51 2.21 0.46

Average 0.25

Table 8. Relative percentage difference velocity analysis
Measurement location Existing concentration Model concentration Result RPD

Point 1 0.28 0.31 0.11

7%

Point 2 0.37 0.39 0.05

Point 3 0.39 0.41 0.05

Point 4 0.40 0.42 0.05

Point 5 0.49 0.54 0.10

Average 0.07

Table 9. Relative percentage difference TSS analysis
Measurement location Existing concentration Model concentration Result RPD

Point 1 129.50 129.50 0.00

19%

Point 2 116.50 129.45 0.11

Point 3 99.00 129.44 0.31

Point 4 111.00 129.43 0.17

Point 5 93.50 129.43 0.38

Average 0.19

Table 10. Relative percentage difference BOD analysis
Measurement location Existing concentration Model concentration Result RPD

Point 1 5.46 5.46 0.00

5%

Point 2 5.04 5.41 0.07

Point 3 5.20 5.30 0.02

Point 4 4.86 5.24 0.08

Point 5 4.80 5.18 0.08

Average 0.05
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Water quality simulation

After calibrating and validating the model un-
til the model is close to the existing condition, the 
results of the Garuda River water quality model-
ing that have been formed from the results of the 
QUAL2Kw program can be used to estimate water 
quality with the desired scenario. The process of 
estimating water quality according to the model-
ing scenario used is called the simulation process. 
The data from the model simulation will be used to 
determine the amount of pollutant load and the car-
rying capacity of the Garuda River pollutant load 
against certain parameters. In this study, the water 
quality parameters to be simulated are TSS, BOD, 
and COD parameters with BOD and COD param-
eter data for all simulations still meeting quality 
standards (because the values are still below class 
III quality standards). In this study, the simulation 
was carried out through 3 modeling scenarios by 
assuming water quality data and data on pollutant 
sources that enter the Garuda River water body.

Scenario 1

The simulation in scenario 1 was carried out 
using existing data from headwater data, water 
quality data, and pollutant source data obtained 
from field measurements and laboratory tests. 
This scenario was carried out to see how much the 

existing pollutant load affects the quality of river 
water in each segment. The simulation results in 
scenario 1 can be seen in Figure 4 and Table 12.

The simulation results in scenario 1 show 
quite varied results. The increase and decrease 
that occurred in the simulation results showed 
the process that occurred in the river, where the 
presence of pollutants entering it and the abil-
ity of self-purification greatly affected the qual-
ity of river water. In this modeling, the results of 
the scenario 1 simulation can be seen on the WQ 
Out sheet as presented in Table 12. Based on the 
simulations carried out, it was obtained that the 
water quality of the Garuda River in the existing 
condition for TSS parameters has passed the class 
III quality standard, while the BOD and COD pa-
rameters still meet the class III quality standard.

Scenario 2

The simulation in scenario 2 was carried out 
using water quality data following existing data 
obtained from field measurements and laboratory 
tests. As for the pollutant source data, it is assumed 
that it meets the wastewater quality standards fol-
lowing the rules set out in the Regulation of the 
Minister of Environment and Forestry number 
5 of 2014 for the quality standards of industrial 
wastewater (point source), as well as following the 
rules stipulated in the Regulation of the Minister 

Table 11. Relative percentage difference COD analysis
Measurement location Existing concentration Model concentration Result RPD

Point 1 22.55 22.25 0.00

5%

Point 2 22.24 22.20 0.00

Point 3 26.11 21.45 0.18

Point 4 21.98 21.06 0.04

Point 5 21.47 20.65 0.04

Average 0.05

Figure 4. Scenario 1 simulation results: (a) TSS parameter simulation results; (b) BOD parameter 
simulation results; and (c) COD parameter simulation results (QUAL2Kw Modeling, 2024)
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of Environment and Forestry number 68 of 2016 
for domestic wastewater quality standards (non-
point source). This scenario was carried out to see 
how much the influence of reducing the pollution 
burden on the water quality in the Garuda River 
was achieved. The simulation results in scenario 2 
can be seen in Figure 5 and Table 13.

The simulation results in scenario 2 show re-
sults that are not too different from the results of 
scenario 1 simulation. Similar to the results of the 
scenario 1 simulation, the results of the scenario 
2 simulation can be seen on the WQ Out sheet as 
presented in Table 13. Based on the simulations 
carried out, it was found that the water quality of 
the Garuda River with efforts to reduce the con-
centration of pollutants entering it was still not 
able to meet the TSS parameters following class 
III quality standards. This could happen because 
the Garuda River in its natural condition already 
contains a high concentration of TSS. One of the 

factors that causes high concentrations of TSS in 
natural conditions is the rainy season which can 
cause turbid water conditions that can inhibit 
the penetration of light into the waters (Marlina 
et al., 2017). This condition, of course, inhibits 
the photosynthesis process which can eventually 
lead to a lower availability of dissolved oxygen 
in the waters. Meanwhile, the BOD and COD pa-
rameters still meet class III quality standards, be-
cause in existing conditions they also meet class 
III quality standards.

Scenario 3

The simulation in scenario 3 was carried out 
using upstream water quality data (headwater) 
following existing data obtained from field mea-
surements and laboratory tests. In this scenario, it 
is assumed that there are no sources of pollutants 
that come in with water quality data, each segment 
is assumed to meet the class III river water quality 

Table 12. Results of WQ out simulation data sheet scenario 1

Measurement location
TSS (mg/l) BOD (mg/l) COD (mg/l)

Models QS Models QS Models QS

Point 1 129.50

100

5.46

6

22.50

40

Point 2 129.54 5.56 22.89

Point 3 129.53 5.45 22.11

Point 4 129.53 5.39 21.71

Point 5 129.53 5.33 21.30

Figure 5. Scenario 2 simulation results: (a) TSS parameter simulation results; (b) BOD parameter 
simulation results; and (c) COD parameter simulation results (QUAL2Kw Modeling, 2024)

Table 13. Results of WQ out simulation data sheet scenario 2

Measurement location
TSS (mg/l) BOD (mg/l) COD (mg/l)

Models QS Models QS Models QS

Point 1 129.50

100

5.46

6

22.55

40

Point 2 129.48 5.41 22.21

Point 3 129.48 5.30 21.46

Point 4 129.47 5.24 21.07

Point 5 129.47 5.18 20.66
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standards following Government Regulation of the 
Republic of Indonesia No. 22 of 2021. This sce-
nario was carried out to see the self-purification 
ability of the Garuda River without any input of 
pollutant loads that enter the river, both industrial 
and domestic waste. However, in this scenario, 
there is still an assumption that there are natural 
sources of pollution that enter the river from tribu-
tary channels, drainage systems, groundwater, and 
rainwater. The simulation results in scenario 3 can 
be seen in Figure 6 and Table 14.

The simulation results in scenario 3 show results 
that are not too different from the simulation results 
of scenarios 1 and 2. Similar to the simulation results 
of scenario 1 and scenario 2, the simulation results 
of scenario 3 can be seen on the WQ out sheet as 
presented in Table 14. Although the water quality 
condition has been assumed to meet class III quality 
standards and there are no domestic waste pollutants 
and industrial waste entering the river, this simula-
tion produces a concentration of TSS model parame-
ters that still exceed the class III river water quality 
standards. This condition can be influenced by the 
existence of inflows that come from natural flows 
such as drainage channels, tributaries, and groun-
dwater. Meanwhile, the BOD and COD parameters 
still meet class III quality standards.

Garuda River pollution load capacity

In this study, the calculation of the large pol-
lutant load and PLCC was limited to segment 

B (between point 2 and point 3) of the Garuda 
River only. This is based on the high percentage 
increase in the pollution index value in this seg-
ment compared to other segments. This condition 
occurs because point 3 is a location with quite a 
lot of pollutant inputs, one of which is caused by 
the input of domestic waste and liquid waste from 
the tofu industry which is located between point 2 
and point 3. So through this research, the results 
of pollutant load values and PLCC in segment B 
of the Garuda River will be obtained.

The calculation of the pollutant load carry-
ing capacity for TSS, BOD, and COD param-
eters in the Garuda River is first carried out by 
calculating the pollution load on each of these 
parameters. The amount of the pollution load 
of the Garuda River can be calculated based on 
the results of modeling simulations with 3 sce-
narios that have been carried out previously that 
represent the existing, maximum, and minimum 
conditions of the river. Where the results of the 
simulation of scenario 1 represent the existing 
pollutant load following the results of field mea-
surements and laboratory tests that have been 
carried out, the results of the simulation of sce-
nario 2 represent the maximum conditions with 
the presence of incoming sources of pollutants 
but still meet the quality standards of waste-
water, and the results of the simulation of sce-
nario 3 represent the minimum condition of the 
river without the input of any pollutant sources 
other than tributaries, drainage channels, and 

Figure 6. Scenario 3 simulation results (QUAL2Kw Modeling, 2024), (a) TSS parameter simulation 
results; (b) BOD parameter simulation results; and (c) COD parameter simulation results

a) b) c)

Table 14. Results of WQ out simulation data sheet scenario 3

Measurement location
TSS (mg/l) BOD (mg/l) COD (mg/l)

Models QS Models QS Models QS

Point 1 129.50

100

5.46

6

22.55

40

Point 2 129.50 5.41 22.21

Point 3 129.50 5.30 21.46

Point 4 129.50 5.24 21.07

Point 5 129.50 5.18 20.66
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rainwater. The calculation of the pollutant load 
value was carried out by utilizing the results of 
the water quality scenario simulation contained 
in the source summary sheet. The pollutant load 
is calculated by multiplying the discharge value 
by the pollutant concentration in each scenario. 
The results of the concentration of pollutant 
sources for each scenario can be seen in the 
source summary sheet as presented in Table 15.

The pollutant concentrations produced in 
each scenario are then calculated to obtain the 
pollutant load of the model. In addition, in this 
section, the standard pollutant load will also be 
calculated, which is the maximum amount of pol-
lutant load that can be tolerated in the waters so 
that the amount meets quality standards and does 
not cause water pollution. The calculation of the 
pollutant load is carried out following the calcula-
tion formula stipulated in Government Regulation 
Number 82 of 2001 concerning Water Quality 
Management and Water Pollution Control. Where 
the pollutant load is obtained by multiplying the 
waste discharge by the pollutant concentration 
and conversion factor of 86.4. The results of the 
calculation of the pollutant load for each scenario 
are presented in Table 16.

Based on the calculation of the pollutant load, it 
was found that the standard pollutant load for TSS 
parameters was 259.20 kg/day, BOD was 15.55 
kg/day, and COD was 103.68 kg/day. Meanwhile, 

the results of the calculation of the model pollut-
ant load for the TSS parameter in scenario 1 are 
1,196.73 kg/day, scenario 2 is 25.93 kg/day, and 
scenario 3 is 0 kg/day, then for the BOD param-
eter in scenario 1 is 3,120.77 kg/day, scenario 2 
is 2.59 kg/day, and scenario 3 is 0 kg/day, and for 
the last parameter, namely the COD parameter in 
scenario 1 is 14,196.38 kg/day, Scenario 2 is 51.84 
kg/day, and scenario 3 is 0 kg/day. Based on these 
calculations, it was found that the pollutant load 
in scenario 1 had exceeded the standard pollutant 
load, while the pollutant load in scenarios 2 and 3 
still met the standard pollutant load.

After obtaining the standard and model pol-
lutant load, it can be calculated on the size of the 
Garuda River PLCC. PLCC is obtained by reduc-
ing the results of the calculation of the standard 
pollutant load and the model pollutant load. The 
results of the PLCC calculation for each scenario 
are presented in Table 17.

Based on the calculation of the Garuda River 
PLCC, it was found that under existing conditions 
(scenario 1) the PLCC value was below 0 kg/day 
or had a negative value. The negative value in the 
PLCC calculation shows that the Garuda River no 
longer can carry the pollution load for the TSS, 
BOD, and COD parameters because the incoming 
pollution load has exceeded the existing pollution 
load standards. Furthermore, it can be seen that 
efforts to reduce and eliminate pollutant sources 

Table 15. Results of sheet source summary of Garuda River

Debit (m3/s)
TSS (mg/l) BOD (mg/l) COD (mg/l)

S1 S2 S3 S1 S2 S3 S1 S2 S3

0.03 461.7 10 0 1204 1 0 5477 20 0

Note: S1 (Scenario 1); S2 (Scenario 2); and S3 (Scenario 3).

Table 16. Results of sheet source summary of Garuda River

Pollutant load
TSS (mg/l) BOD (mg/l) COD (mg/l)

S1 S2 S3 S1 S2 S3 S1 S2 S3

Model 1196.73 25.92 0 3120.77 2.59 0 14196.38 51.84 0

Standard 259.20 15.55 103.68

Note: S1 (Scenario 1); S2 (Scenario 2); and S3 (Scenario 3).

Table 17. Results of the Garuda River PLCC calculation
TSS (mg/l) BOD (mg/l) COD (mg/l)

S1 S2 S3 S1 S2 S3 S1 S2 S3

-937.53 233.28 259.20 -3.105.22 12.96 15.55 -14.092.70 51.84 103.68

Note: S1 (Scenario 1); S2 (Scenario 2); and S3 (Scenario 3).
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that enter river water bodies through simulation 
of scenario 2 and scenario 3, obtained much bet-
ter results and positive values (meeting PLCC). 
Based on the results of the calculation, it was 
found that the maximum PLCC of the Garuda 
River for TSS parameters was 259.20 kg/day, 
BOD was 15.55 kg/day, and COD was 103.68 kg/
day. Meanwhile, the minimum PLCC of the Ga-
ruda River for TSS parameters is 233.28 kg/day, 
BOD is 12.96 kg/day, and COD is 51.84 kg/day.

Reducing the pollutant load of the Garuda River

The reduction of the pollution burden is the 
amount of pollutant burden that must be lowered 
so that the water quality condition of the Garuda 
River is better than the current condition and can 
still meet the class III water quality standards. The 
existing condition of the Garuda River, which has 
currently passed the class III water quality stan-
dard, indicates the need for efforts to reduce the 
burden of pollutants entering the Garuda River. 
This step is very necessary to be taken so that the 
water quality in the Garuda River can continue to 
be in good condition and meet quality standards. 
The calculation of the magnitude of the decrease 
in the concentration of pollutant load on the Ga-
ruda River can be done by comparing the amount 
of pollutant load in existing conditions with the 
pollutant load that is a priority.

In this study, the large pollutant load of the 
Garuda River in existing conditions uses the data 
generated from the simulation of scenario 1 mod-
eling, while the priority pollutant load uses the 
results of the simulation of scenario 2 modeling. 
This is because, in scenario 1, the water quality 
data and pollutant source data used are based on 
existing data, field measurements, and laboratory 
tests so that they can describe the large pollutant 
load of the Garuda River in actual conditions. 
Meanwhile, the priority pollutant load uses the 
results of scenario 2 simulation because in this 
scenario the maximum pollutant load that can be 
tolerated in the waters is generated. After all, it 
represents the water quality of the Garuda River 
in an existing state with a pollutant source that 
still meets the quality standards. The amount of 
pollutant load reduction that must be done so that 
the Garuda River can meet the PLCC is TSS with 
a decrease of 1,170.81 kg/day, BOD with a de-
crease of 3,118.18 kg/day, and COD with a de-
crease of 14,144.54 kg/day. 

CONCUSIONS

Based on the analysis of Garuda River’s water 
quality, it does not meet Class III standards becau-
se several parameters exceed the established limits, 
including temperature, TSS, nitrite (NO2

-), and 
total Coliform. The water quality standards used 
refer to Class III water quality standards from Go-
vernment Regulation Number 22 of 2021 concer-
ning the implementation of environmental protec-
tion and management. The pollution index calcu-
lation shows that Garuda River is lightly polluted, 
with a pollution score ranging from 1.49 to 2.91. 
The QUAL2Kw modeling conducted reveals that 
the minimum and maximum pollutant load capa-
cities of Garuda River for TSS are 233.28–259.20 
kg/day, for BOD are 12.96–15.55 kg/day, and for 
COD are 51.84–103.68 kg/day. The simulation 
results indicate that to control water pollution in 
Garuda River, one of the effective measures is to 
reduce the pollution load from each point source, 
particularly from tofu industry wastewater.
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