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Abstract  

The poor condition of the Citarum River demands more significant 
pollution control. One alternative for controlling pollution can be 
limiting the amount of wastewater entering one of the tributaries of 
the Citarum River, namely the Cikakembang River. This study is a 
follow-up study that will model heavy metal parameters in the 
Cikakembang River. Data collection was carried out six times, where 
the heavy metal parameter detected was copper. Numerical 
modelling for copper parameters was carried out using MATLAB 
software with the Runge Kutte-4 discretisation scheme. The study 
location covers 2.36 km upstream of the Cikakembang River, with 12 
textile industry wastewater disposal points. Numerical modelling 
results for copper parameters show a settling rate of heavy metal 
particles 40 day-1, with a maximum RRMSE value of 9.97%. 
Combining the water quality models for organic and heavy metal 
parameters, pollution control simulations can be run in both seasons. 
The pollution control scenario aims to find the maximum amount that 
enters the Cikakembang River without passing the class four river 
water quality standards. The selection of the standard is based on 
the use of Cikakembang River water, namely for irrigation purposes. 
Based on the results of pollution control simulations, the pollutant 
carrying capacity for BOD, COD, and copper parameters in the 
Cikakembang River is 199.43 kg/day, 1103.80 kg/day, and 4.06 
kg/day, respectively.  
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INTRODUCTION 

The Citarum River is the largest in West 
Java province, flowing from the Cisanti spring and 
emptying into the Java Sea [1]. The large area 
covered by the Citarum River means that the 
management of the Citarum watershed is divided 
into three areas: upper, middle, and lower [2]. 
Some functions supported by the Citarum River 
are as an electrical energy generator, for 
recreation purposes, and for supporting irrigation 
water needs [3, 4, 5]. Even though the benefits of 
the Citarum River are so great, the water quality of 
the Upstream Citarum River was named one of the 
most polluted rivers [6].    

One potential factor that significantly 
worsens the Citarum River's water quality is the 

textile industry wastewater discharge in the 
Majalaya District. The textile industry in this area 
accounts for 40% of the total textile industry in 
Indonesia [7]. The resulting textile industry 
wastewater is discharged into the Cikakembang 
tributary, which flows into the Citarum River. The 
characteristics of textile industry wastewater are 
that it contains low concentrations of Dissolved 
Oxygen (DO) with high concentrations of 
Biological Oxygen Demand (BOD) and Chemical 
Oxygen Demand (COD) [8, 9, 10]. Some textile 
industry waste also contains heavy metals, such 
as zinc, chromium, copper and lead [11][12]. 
Concentrations of BOD, COD, and heavy metal 
parameters that exceed standards will damage 
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the local aquatic ecosystem; if consumed by 
humans, they will be lethal [13][14]. 

Research related to the water quality of the 
Citarum River has primarily focused on testing 
pollutant concentration. A study by [15] calculated 
the Water Quality Index (WQI) for the upper 
Citarum watershed from 2011 to 2019. The WQI 
values in the upper Citarum watershed ranged 
from 11.53 to 62.35, indicating a status from very 
poor to fair [15]. Another study [16] measured the 
concentrations of various heavy metals and 
assessed pollution levels using the Pollution Index 
method. Restoring the Citarum River's condition 
through numerical models can expedite policy-
making efforts to reduce pollution. 

The prior study conducted numerical 
modelling on the Cikakembang River using data-
driven models for three organic parameters: DO, 
BOD, and COD [17]. The advection-dispersion 
equation (ADE) was utilised as its governing 
equation. In addition, the Runge Kutte-4 
discretisation scheme is also used to linearise the 
governing equations. Modelling DO, BOD and 
COD parameters in the calibration and verification 
process produced RRMSE values below 2%, so 
the results were declared accurate [17]. This study 
will focus on two things, namely, modelling heavy 
metal parameters from textile industry wastewater 
and developing a pollution control program for the 
detected DO, BOD, COD and heavy metals 
parameters. Subsequently, the heavy metal 
pollutants will be identified, followed by numerical 
modelling for these pollutant parameters. 
Afterwards, the developed model will simulate 
several pollution control scenarios. Ultimately, 
wastewater quantity limit values are determined 
for BOD, COD, and Copper parameters to ensure 
the Cikakembang River meets irrigation water 
quality standards, thereby contributing to the 
downstream improvement of the Citarum River's 
condition. 
 
METHOD 
Research Flowchart 

The research flowchart of this study is 
represented in Figure 1. First, pollutant 
parameters from heavy metals for textile industry 
wastewater will be identified. After that, data were 
collected on three types: water quality data 
through water sampling, hydraulic parameters, 
and physical parameters. Data was collected six 
times from 27 January 2022 to 19 October 2022. 
Three were taken during the rainy season, and the 
others were taken during the dry season. Water 
samples from the Cikakembang River are tested 
at Parahyangan Catholic University for four 
parameters: Copper, Iron, Zinc, and Chromium. 
Hydrodynamic modelling was carried out in the 

same process using HEC-RAS to obtain hydraulic 
parameters at 36 points at the study location. 

Afterwards, a water quality model for heavy 
metal parameters was developed using MATLAB. 
Numerical modelling was carried out using the 
Runge Kutte-4 explicit discretisation scheme. The 
calibration and verification process were carried 
out to obtain the water quality coefficient value for 
the Cikakembang River. Furthermore, pollution 
control was developed in the Cikakembang River 
using the water quality coefficient values obtained. 
Pollution control simulations are carried out in the 
rainy and dry seasons with four scenarios. Each 
scenario will show the impact of the amount of 
incoming wastewater on the water quality 
conditions of the Cikakembang River. Then, limits 
on the amount of wastewater entering the 
Cikakembang River during the rainy and dry 
seasons can be determined. 

 
Figure 1. Research Flowchart 
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Study Location 
This study covers a modelling area of 2.36 

km upstream of the Cikakembang River, as shown 
in Figure 2. A total of 36 points in the location study 
were measured bathymetrically to obtain the river 
cross-sectional area. Then, water sampling was 
carried out at three locations, with detailed 
coordinates shown in Table 1. Each sampling 
location point had its reasons for selecting the 
location. The first sampling point is the upstream 
area of the Cikakembang River, where the 
dominant wastewater entering comes from 
domestic effluent. The second sampling point is in 
the middle of the Cikakembang River study 
location. Meanwhile, the third sampling point is 
downstream of the river, with the dominant type of 
wastewater being textile industry effluent.  
 
Data Availability 

This study assumes the rainy season starts 
from October to April, while the dry season starts 
from May to September. The results of water 
samples testing on four heavy metals parameters 
are shown in Figure 3, with black and red showing 
data taken during the rainy and dry seasons, 
respectively. To see how severe the concentration 
of heavy metals parameters is in the Cikakembang 
River, river water quality standards according to 
Indonesian government regulation no. 22 of 2021 
are used. Based on the test results, it was found 
that the Zinc, Chromium, and Iron content 
parameters were often under the range or in the 
safe range. 

 
Figure 2. Research Area 

 
Table 1. Coordinates of sampling locations 

Location 

Details 

Sampling 

Point 
Longitude Latitude 

C4 S1 107.746 -7.061 

C19 S2 107.746 -7.050 

C24 S3 107.743 -7.047 

So, in this study, numerical modelling for heavy 
metal parameters was only carried out for copper 
parameters. 

The hydraulic and physical parameters of 
the Cikakembang River are shown in Table 2 and 
Table 3, respectively. The hydraulic parameters 
measured are flow velocity and water depth. 
Measurements for hydraulic parameters were 
carried out on 19 October 2022 and 24 August 
2022. Two data were measured for physical 
parameters: pH and water temperature. Physical 
parameter measurements were also carried out 
on the same date as hydraulic parameter 
measurements. 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

Figure 3. Heavy Metals Concentration for  
(a) Copper, (b) Zinc, (c) Iron, and (d) Chromium 
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Table 2. Hydraulic Parameters of the 
Cikakembang River 

Parameter 
Sampling 

Points 

10/19/2022 

(Rainy 

Season) 

8/24/2022 

(Dry 

Season) 

Flow rate 

(m/s) 

S01 0.56 0.63 

S02 1.05 0.70 

S03 0.46 0.44 

Hydraulic 

depth (m) 

S01 0.33 0.38 

S02 0.27 0.25 

S03 0.56 0.35 

 
Table 3. Physical Parameters of the  

Cikakembang River 

Parameter 
Sampling 

Points 

10/19/2022 

(Rainy 

Season) 

8/24/2022 

(Dry 

Season) 

pH 

S01 7.25 6.57 

S02 6.86 6.79 

S03 7.15 6.93 

Temperature 

(˚C) 

S01 28.00 29.00 

S02 28.00 30.00 

S03 28.00 29.00 

 
The Governing Equation 

Pollutant transport is formulated using the 
Advection-Dispersion Equation (ADE), with each 
reaction derived from the parameters considered 
[18][19]. Equation (1) shows the ADE for the heavy 
metals parameter.  

2

2
. . .u u u

x x u

C C C
v E C

t x x


  
= − + −

  
 (1) 

Where:  

uC  : Copper's concentration (mg/L) 

xv  : Advection term (m/s) 

xE  : Dispersion coefficient (m/s2) 

   : Settling coefficient for copper (day-1) 

Heavy metal parameters do not decompose 
like other organic parameters. Heavy metals in the 
flow can be found in two phases: the dissolved and 
deposited phases. Sedimentation and erosion 
processes in channels are the main causes of 
phase changes experienced by heavy metals 
parameters. When wastewater containing heavy 
metals enters a river flow, these parameters will 
first be found in the dissolved phase. As the flow 
progresses, heavy metal particles will be 
absorbed by sediment and sedimented at the 
bottom of the channel. Heavy metal particles that 
have been sedimented will be able to return to the 
dissolved phase if channel erosion occurs. 
Channel erosion will cause flow fluctuations, 
releasing heavy metal particles from the sediment 
back to a dissolved state. The process has been 
modeled using a constant representing the settling 
coefficient of the relevant heavy metal particles 

[20]. The settling coefficient values of the heavy 
metal parameters will be estimated during the 
calibration and verification process. 
 
Discretization Scheme 

ADE for the Copper parameter can be 
solved using the Runge Kutte-4 explicit 
discretisation scheme, with mathematical 
formulas in (2) to (6). The Runge Kutte-4 
discretisation scheme is often used to solve 
differential equations because of its ease of 
computing [21][22]. 

1

1 2 3 4( ).( 2 2 )
6

t t t t t t

i i

t
Cu Cu k k k k+ 

= + + + +
 

(2) 

1 1
1 2

2
.( )

t t t
t i i i

x

Cu Cu C
k E

x

+ −− +
=


 

1.( ) .
t t

ti i
x i

Cu Cu
v Cu

x
−−

− −


 

(3) 

1 1 1
2 2

2( 0.5 )
.( )

t t t t
t i i i

x

Cu Cu k C
k E

x

+ −− + +
=


 

1 1
1

( 0.5 )
.( ) .( 0.5 )

t t t
t ti i

x i

Cu k Cu
v Cu k

x
−+ −

− − +


 

(4) 

1 2 1
3 2

2( 0.5 )
.( )

t t t t
t i i i

x

Cu Cu k C
k E

x

+ −− + +
=


 

2 1
2

( 0.5 )
.( ) .( 0.5 )

t t t
t ti i

x i

Cu k Cu
v Cu k

x
−+ −

− − +


 

(5) 

1 3 1
4 2

2( )
.( )

t t t t
t i i i

x

Cu Cu k C
k E

x

+ −− + +
=


 

3 1
3

( )
.( ) .( )

t t t
t ti i

x i

Cu k Cu
v Cu k

x
−+ −

− − +


 
(6) 

Where:  

1 1, ,t t t

i i iCu Cu Cu− +  : Copper's concentration at each 

spatial step with temporal step-t 

(mg/L)  
1t

iCu +  : Copper's concentration at each 

spatial step with temporal step-

t+1 (mg/L) 

t  : The temporal step (s) 

x  : The spatial step (m) 

1 2 3 4, , ,t t t tk k k k  : Runge Kutte-4 constants 

 
Hydraulic Parameters of the Cikakembang 
River 

Water quality modelling requires the 
Cikakembang River hydraulic parameters to 
estimate the value of water quality coefficients. 
Previous research has succeeded in producing 
hydraulic parameters for the Cikakembang River 
in the rainy season and dry season, such as 
longitudinal flow velocity (ux), Froud Number (Fr), 
water depth (H), and channel's top width (W) [17], 
which are shown in Figure 4.  
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(a) 

 

 
(b) 

Figure 4. Existing Hydraulic Parameter of the 
Cikakembang River in (a) Rainy Season  

and (b) Dry Season 
 
Point Source Pollution (PSP) 

The textile industry is the source of copper 
parameter pollution entering the Cikakembang 
River. Twelve PSPs were detected, with detailed 
locations depicted using the scheme in Figure 5. 
Prior research has successfully estimated the 
discharge value at each PSP, ranging from 0.001 
m3/s to 0.053 m3/s. 

 
Figure 5. PSP Discharging Scheme of the 

Cikakembang River 
 
 

Relative Root Mean Square Error (RRMSE) 
Evaluation of modelling results is needed to 

measure the accuracy of water quality coefficient 
values in the calibration and verification process. 
Relative Root Mean Square Error is an objective 
function measuring the error percentage in the 
observation data. The mathematical formula for 
calculating RRMSE can be seen in Equation 7. 
The error threshold for using RRMSE to declare 
the model accurate is 10% [23]. 
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Where:  

RRMSE  : Relative Root Mean Square Error 

(unitless) 

oC  : The mean observed data of a 

particular parameter (mg/L) 

oC  : The observed data of a particular 

parameter (mg/L) 

mC  : The model's result of a particular 

parameter (mg/L) 
N  : Total number of observation data 

(unitless) 
 
Pollutant Carrying Capacity (PCC) 

An appropriate pollution control program 
can involve estimating the maximum amount of 
wastewater load without exceeding river water 
quality standards to a certain level. The pollutant 
carrying capacity (PCC) calculates the flow rate, 
which includes variable discharge and effluent 
concentration discharged into the channel [24]. 
The mathematical formula for calculating PCC is 
written in Equation 8 [25]. 

 

.eff effPCC Q C=  (8) 

Where:  

PCC  : Pollutant Carrying Capacity of a 

particular solute (kg/day) 

effQ  : Industrial effluent discharge (m3/s) 

effC  : Industrial effluent's concentration of a 

particular solute (mg/L)  
 

The Indonesian Water Quality Regulations 

The development of pollution control 
requires reference regulations to evaluate water 
quality conditions. This study uses two regulations 
from Indonesia relating to water quality. The 
Indonesian River Water Quality Standard No. 22 
of 2021 is the first regulation. River water quality 
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regulations will be used to assess the pollution 
level of the Cikakembang River after including a 
certain level of pollutant load. The second 
regulation is the Indonesian Textile Industry 
Wastewater Standard No. 16 of 2019. Textile 
industry wastewater regulations were used to 
estimate the Cikakembang River PCC in a trial-
and-error process. The copper parameter in the 
Indonesian textile industry waste regulations has 
not yet been regulated in terms of its levels, so the 
chromium parameter is the reference 
concentration. These two regulations can be seen 
in Table 4 and Table 5, respectively. 

Table 4. River Water Quality Standard No. 22  
of 2021 [26] 

Parameter 

River Water Quality Standards 

Class 

1 

Class 

2 

Class 

3 

Class 

4 

DO (mg/L) >6 >4 >3 >1 

BOD (mg/L) <2 <3 <6 <12 

COD (mg/L) <10 <25 <40 <80 

Cu (mg/L) <0.02 <0.02 <0.02 <0.2 

Table 5. Textile Industry Wastewater Standard 
No. 16 of 2019 [27] 

Discharge BOD COD Cr 

≤ 100 60 150 1 

100 < x < 1000 45 125 1 

≥ 1000 35 115 1 

m3/day mg/L mg/L mg/L 

 
RESULTS AND DISCUSSION 
Model Setup 

The water quality model for heavy metals 
parameters will be simulated three times, namely 
once in the calibration process and twice in the 
verification process. The numerical model will be 
calibrated using observation data on 23 February 
2022. Then, the verification process will be carried 
out using observation data on 24 August 2022. 
The copper concentration on 24 August 2022 was 
detected at only two sampling points because the 
value at the second sampling point was Under 
Range (UR). Therefore, further validation is 
required to assess the accuracy of the modelling 
results. The second verification process will use 
observation data from 7 September 2022. 

This study uses Dirichlet's and Neumann's 
boundary conditions methods at the upstream and 
downstream channels. Dirichlet's boundary 
condition determines the magnitude of a 
parameter. Neumann's boundary condition 
method assumes that the change in the gradient 
of a parameter is zero. Using Neumann's 
boundary condition principle, the numerical 
computation of a parameter at one point can be 
written as having the same value as the quantity 

at the previous point. Details of the boundary 
condition values used can be seen in Table 6. 

The stability of the water quality model also 
needs to be considered by setting the Courant 
Number value. This study set the Courant Number 
value below one, with a mathematical formula in 
Equation 9. The temporal step, spatial step, and 
Courant number values used in modelling are 
shown in Table 7. 

.x

t
CN v

x


=


 (9) 

Where:  

CN  : Courant Number (unitless) 

xv  : Longitudinal flow velocity (m/s) 

 t  : The temporal step (s) 

x  : The spatial step (m) 

Water quality modelling will be run for 24 
hours starting from 06.00 AM. Domestic 
wastewater disposal into the Cikakembang River 
will not be regulated while the model runs. 
Working hours from 08.00 AM to 05.00 PM are 
used as textile industry wastewater disposal time. 
The concentration of copper parameters in the 
effluent at each PSP point is regulated according 
to the textile industry wastewater quality 
standards, namely 1 mg/L. 
 
Calibration and Verification 

Two water quality coefficients must be 
calibrated: the dispersion coefficient (Ex) and the 
settling coefficient for the copper parameter (α). 
The dispersion coefficient for the Cikakembang 
River has been estimated using the regression 
equation developed by Iwasa and Aya (1991). The 
dispersion coefficient value ranges from 2.33 m2/s 
to 7.64 m2/s and 2.31 m2/s to 7.54 m2/s, 
respectively, in the rainy and dry seasons.  

 
Table 6. The Details of Boundary Conditions 

Used in Calibration and Verification Processes 

Location Symbol 
Process 

C V1 V2 

Upstream 1

tCu  
0.235 

mg/L 

0.155 

mg/L 

0.42 

mg/L 

Downstream 36

tCu  
35

tCu  

 
Table 7. Validating the Model's Stability 

Variable Units 
Rainy 

Season 

Dry  

Season 

t  s 20.00  

x  m 20.40 – 186.60 

CN unitless  0.03 – 0.83  0.03 – 0.90 
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The slight difference in the dispersion coefficient 
value is caused by differences in the hydraulic 
parameters of the Cikakembang River in the two 
seasons. The value is calibrated using the trial-
and-error method for the settling coefficient for the 
copper parameter. This study uses an α value of 
40 day-1 in the calibration and verification. 

The results of numerical modelling for 
copper parameters are shown in Figure 6. Next, 
the modelling results are evaluated using the 
RRMSE objective function. The RMMSE values 
for the three modelling results are shown in Table 
8. The evaluation results of the three simulations 
produced RRMSE values below 10%, so the 
modelling results were declared accurate. 

 

 
(a) 

 
(b) 

 
(c) 

Figure 6. The Numerical Modelling Results of 
Copper Parameter in (a) Calibration Process, (b) 

Verification Process-1, and (c) Verification 
Process-2 

 
Table 8. The RRMSE Values of Copper 

Numerical Modelling Results 

Objective 

Function 

Process 

C 

(02/23/22) 

V1 

(08/24/22) 

V2 

(09/07/22) 

RRMSE (%) 2.30 2.41 9.97 

 

Pollution Control Scenario 
Combining previous research [17] results 

with the current study, the water quality model for 
the DO, BOD, COD, and Cu parameters has been 
obtained. Using the developed model, the existing 
pollutant carrying capacity (PCC) for BOD, COD, 
and Cu parameters are calculated: 968.12 kg/day, 
1290.82 kg/day, and 21.51 kg/day, respectively. 
The pollution control aims to estimate the 
maximum PCC of the Cikakembang River from 
textile industry wastewater while staying within 
class four river water quality standards during both 
the rainy and dry seasons. The selection of the 
reference standard for class four river water 
quality standards is based on the function of the 
Cikakembang River, which is used for irrigation 
purposes. 

In the first step in the pollution control 
simulation, the upper boundary conditions must be 
set as the third-class river water quality standard. 
Then, the PSP discharge value for each textile 
industry effluent is changed to 1000 m3/day, or the 
equivalent of 0.012 m3/s, by the lower limit in 
textile industry wastewater regulations No. 16 of 
2019. The selection of the discharge value of 1000 
m3/day was based on the similarity of the hydraulic 
parameter characteristics between the pollution 
control scenario and the existing condition. Figure 
7 shows all hydraulic parameter values used in the 
pollution control simulation. 

 

 
(a) 

 
(b) 

Figure 7. Hydraulic Parameters in Pollution 
Control Simulations of (a) Rainy and  

(b) Dry Season 
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Changes in the hydraulic parameters of the 
Cikakembang River in the pollution control 
simulation also change several water quality 
coefficient values. Small changes in water quality 
coefficient values are found in the reaeration rate 
(Ka), decomposition rate for the COD parameter 
(Kc), and dispersion coefficient (Ex). The values of 
all water quality coefficients used for pollution 
control simulations can be seen in Table 9.  

The pollution control simulation produces 
maximum concentration values for the textile 
industry effluent's BOD, COD, and Cu parameters. 
The DO concentration is set at 1 mg/L because 
regulations do not specify a minimum standard for 
DO recovery. Table 10 shows the range value of 
the effluent load entering the Cikakembang River 
during the pollution control simulation. Figure 8 
and Figure 9 show the effects of entering textile 
industrial effluent into the Cikakembang River 
without passing class four river water quality 
standards in the rainy and dry seasons, 
respectively. The PCC of the Cikakembang River 
is calculated for both seasons and is shown in 
Table 11. 

 
Table 9. Water Quality Coefficients Used in the 

Pollution Control Simulations 

Water Quality 

Coefficients 
Units 

Value Used 

Rainy 

Season 

Dry 

Season 

Reaeration Rate (Ka) day-1 10.13 - 

48.27 

10.21 - 

45.92 

Deoxygenation Rate (Kd) day-1 0.23 

Decomposition Rate (Kc) day-1 
0.27 - 

3.77 

0.27 – 

4.31 

Dispersion Coefficients 

(Ex) 
m2/s 

2.32 - 

7.60 

2.31 – 

7.52 

Settling Coefficient for 

Copper Parameter (α) 
day-1 40.00 

 
Table 10. Pollution Control Scenario  

in the Rainy and Dry Season 

Point Qeff 

(m3/s) 

Rainy Season 
DOeff 

(mg/L) 
BODeff 

(mg/L) 
CODeff 

(mg/L) 
Cueff 

(mg/L) 

C5 
C6 
C12 
C13 
C16 
C17 
C20 
C21 
C22 
C23 
C24 
C25 

0.012 1.00 

15.53 

to 

 23.25 

85.00 

to 

147.50 

0.30 

to 

0.54 

Qeff 

(m3/s) 

Dry Season 

DOeff 

(mg/L) 
BODeff 

(mg/L) 
CODeff 

(mg/L) 
Cueff 

(mg/L) 

0.012 1.00 

14.70 

to 

19.20 

84.00 

to 

122.00 

0.27 

 to 

 0.42 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

Figure 8. Pollution Control Simulations Results in 
Rainy Season for (a) DO, (b) BOD, (c) COD,  

and (d) Copper Parameter 
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(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

Figure 9. Pollution Control Simulations Results in 
Dry Season for (a) DO, (b) BOD, (c) COD, 

and (d) Copper Parameter 
 

Table 11. Pollutant Carrying Capacity of the 
Cikakembang River 

Season 
PCC (kg/day) 

BOD COD Cu 

Rainy 221.68 1171.75 4.61 

Dry 199.43 1103.80 4.06 

 
Discussion 

This study has carried out water quality 
modelling for copper parameters in the 
Cikakembang River. The heavy metal model's 
reliability and generalizability heavily depend on 
three parameters: flow velocity, dispersion 
coefficient, and settling coefficient. The flow 
velocity and dispersion coefficient have been 
validated in prior research [17]. Sensitivity 
analysis is not required since only one parameter 
has an undefined value. However, future research 
needs to consider the settling coefficient value 
better because, currently, the coefficient value 
does not have a recommended range. Modelling 
generally consists of calibration and verification 
processes, where all simulation results are 
evaluated using the RRMSE objective function. 
The second verification process produced the 
highest RRMSE value at 9.97%. This value is 
close to the error threshold of 10%, which can 
declare the model acceptable. Nevertheless, all 
simulation results have RRMSE values below this 
threshold, so the model is declared accurate. 

The characteristics of heavy metal 
modelling differ slightly from those of organic 
parameter modelling. The concentration of 
organic parameters is interdependent. For 
example, if the DO concentration increases, the 
BOD concentration decreases, and vice versa. 
However, this phenomenon does not apply to 
heavy metal modelling. Heavy metal parameters 
do not influence the concentration changes of 
other heavy metal parameters or organic 
parameters such as DO, BOD, or COD. 

The water quality modeling of heavy metal 
parameters in the Cikakembang River was 
conducted under the assumption of no channel 
erosion. The developed model cannot simulate 
the transition of heavy metals from the sediment 
phase back to the particulate phase, despite 
actual conditions allowing for the possibility of both 
processes. Another factor to consider is the 
sediment accumulation. According to [28], the 
accumulation of heavy metals originating from 
anthropogenic sources is contributing to a 
reduction in the lake's water capacity. While this 
phenomenon of sediment accumulation due to 
heavy metals does not appear in rivers, it is worth 
reviewing, given the potential for a decrease in 
river channel capacity. Therefore, further research 
is needed to develop hydraulic models 
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incorporating erosion and sedimentation, enabling 
more comprehensive heavy metal modelling. 

Pollution control simulation was 
accomplished on DO, BOD, COD, and copper 
parameters. Hydraulic parameters change in the 
pollution control simulation due to variations in 
industrial wastewater discharge at each PSP. 
Changes in water quality coefficient values in 
pollution control simulations differ significantly 
from existing modelling conditions. The textile 
industry wastewater quality standards do not 
regulate a DO value limit, so the DO concentration 
in the textile industry effluent is set to be 1 mg/L. 
Even though the simulation results show DO 
levels are between class three and class four river 
water quality standards, stakeholders must 
propose effluent concentration limits for DO 
parameters before being discharged into the river. 
This is important for addressing pollution from 
BOD and COD in textile industry wastewater. 

As written in Table 11, the PCC of the 
Cikakembang River is greater in the rainy season 
than in the dry season. Rivers can better 
accommodate wastewater during the rainy season 
because the river's ability to regenerate is better 
during the rainy season. Establishing a pollution 
control policy requires a single value that can be 
used in both seasons. So, the industrial effluent 
concentration values recommended for use result 
from dry season pollution control simulations. 

Previous research [17] focused on 
developing a numerical water quality model for 
organic parameters and successfully determined 
various water quality coefficient values for the 
Cikakembang River. However, the prior research 
[17] did not establish limits for permissible 
wastewater quantities, leaving pollution control 
efforts suboptimal. This study successfully 
addresses these issues. 
 
CONCLUSIONS 

A water quality model for heavy metal 
parameters, especially copper, in the 
Cikakembang River has been successfully 
developed. The developed model can describe 
the number of copper particles in the particulate 
phase, which will settle at the bottom of the 
channel. The heavy metal modelling results were 
evaluated using the RRMSE objective function, 
with a maximum value of 9.97%. Based on the 
threshold error value, namely 10%, the modelling 
is accurate. 

Combining the heavy metal and organic 
parameters models, pollution control simulations 
were carried out to estimate the pollutant carrying 
capacity (PCC) of the Cikakembang River. The 
main objective of pollution control is to restore the 
Cikakembang River water for irrigation. If the two 

PCCs are compared, the simulation results in the 
dry season are smaller than those in the rainy 
season. The PCC for BOD, COD, and copper 
parameters is 199.43 kg/day, 1103.80 kg/day, and 
4.06 kg/day, respectively. Any parameter that 
exceeds the PCC value will cause the 
Cikakembang River water condition to exceed 
class four river water quality standards. 

Limiting the Cikakembang River's water 
quality to at least class four river water quality 
standards can regenerate the Citarum River, 
which is the main river, even better. Future 
research could focus more on investigating other 
areas that have the potential to pollute the Citarum 
River from its upstream. Apart from that, in the 
Majalaya District area, other pollutant parameters, 
both organic and inorganic, from different 
industries can be investigated. 
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