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ABSTRACT

Mahakam River has a vital role in the lives of the people of the East Kalimantan province, including
providing a raw source of clean water. The multi-activity of the Mahakam River watershed, as a water
traffic lane, mining, fisheries, hotels, restaurants, and resident houses, has the potential to produce waste
into the water. Increasing waste in the water flow can increase the pollution potential of river water,
threatening people’s health. Therefore, precaution is necessary. In this research, statistical prevention
was proposed, providing information to the East Kalimantan people regarding the factors affecting the
pollution potential of the Mahakam River through Weibull regression (WR) modeling on dissolved oxy-
gen (DO) data 2022. Research data was secondary data provided by the Life Environmental Department
of East Kalimantan province. The WR model is a Weibull distribution that is directly influenced by co-
variates. WR model consists of Weibull survival regression, cumulative distribution regression, hazard
regression, and Weibull mean regression. This research aims to obtain the factors affecting the pollu-
tion potential and to provide the pollution potential information of Mahakam River 2022. The research
concluded that factors influencing the pollution potential of the Mahakam River were watercolor degree
and nitrate concentration. Applying the WR model to DO data 2022 was able to provide the pollution
potential information of Mahakam River, namely the probability of river water isn’t polluted is 0.6555,
or the probability of the polluted river water is 0.3445, the pollution rate is 6 locations are polluted for
every 10 mg/L DO, and the DO average of river water is 5.7450 mg/L. Increasing water color degree
and nitrate concentration will decrease the probability of the Mahakam River being polluted, increase
the probability of the Mahakam River being polluted, increase the pollution rate, and reduce the DO of
Mahakam River water.
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A. INTRODUCTION
The Weibull distribution is one of the continuous random variable distributions that is widely used to analyze time data (Fajriati

et al., 2022). Discussion of the Weibull distribution is still limited to parameter estimation and data distribution testing, so developing
a distribution model directly influenced by covariates is necessary. Furthermore, the Weibull distribution that is directly affected by
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covariates is called the Weibull Regression (WR) model (Rinne, 2008). WR model consists of Weibull survival regression, Weibull
cumulative distribution regression, Weibull hazard regression model, and Weibull regression model for the mean (Suyitno et al.,
2022). Many problems in the medical, health, and environmental fields are solved through WR modeling (Collett, 2023; Inayah
et al., 2021).

The WR model is mostly applied to time data, such as research discussed by Azizah et al. (2023) which discusses the application
of the WR model to the hospitalization time of COVID-19 patients. However, data in the environmental field (not time data) is often
found to be Weibull-distributed, and the environmental field problems can be solved using WR modeling. In this research, an
application of the WR model was developed to non-negative continuous data (not time data), which was applied to Dissolved Oxygen
(DO) data of Mahakam River water. Some research related to environmental data, such as research by Olivera & Heard (2019), which
discusses increases in extreme rainfall events, and Shu & Jesson (2021), which discusses wind energy. Moreover, Azad et al. (2014)
discuss wind energy conversion.

DO is the amount of oxygen dissolved in water. DO is one of the important parameters in determining water quality. Good
water quality is determined by high dissolved oxygen content (Yuliantari et al., 2021). DO can come from the photosynthesis process
of aquatic plants, where the amount is not fixed depending on the number of plants, and from the atmosphere (air) that enters the
water at a limited speed Fardiaz (1992). Based on Government Regulation Number 22 of 2021 concerning the implementation of
environmental protection and management, the minimum limit of DO for class 1 water quality is 6 mg/L (Pemerintah Republik
Indonesia, 2022). Based on this regulation, the DO value can be classified into two categories: DO content more than or equal to 6
mg/L indicates good water quality, and DO content less than 6 mg/L indicates polluted water quality. Some factors that are thought to
affect DO are watercolor degree, nitrate concentration, detergent, water pH, total phosphate, Total Dissolved Solids (TDS), ammonia
concentration, and ferrum.

Mahakam River has a vital role in the lives of East Kalimantan people. Many activities along the Mahakam watershed, such
as industrial, agricultural, forestry, mining, and residential sectors, have the potential to produce domestic and non-domestic waste
(Suyitno et al., 2022). The amount of waste produced by these activities could cause the Mahakam River to be polluted and threaten
public health. Therefore, this study proposes to apply the WR model to DO data to statistically prevent Mahakam River water
pollution. This model can provide information regarding the pollution potential of Mahakam River water and the factors influencing
it. This information is very useful to the East Kalimantan people as it contributes to preventing pollution in the Mahakam River.

Through WR modeling, the factors influencing water pollution potential can be identified, and information on the pollution
potential of the Mahakam River can be obtained. The obtained pollution potential information consists of the probability that the
Mahakam River water is not polluted, the probability that the Mahakam River water is polluted, the pollution rate, and the DO average.
This modeling also discusses the interpretation of the WR model to DO data. Interpreting the WR model to DO data yields insights
crucial for developing effective strategies to protect the Mahakam River and ensure its sustainability for future generations. Based on
this description, this research will discuss the analysis of the potential for Mahakam River water pollution using WR modeling with
a case study of DO water pollution indicator data in 2022. The parameter estimation method was maximum likelihood estimation
(MLE), and the calculation uses R opensource software.

B. RESEARCH METHOD
1. Data

The research variables consist of response variables and independent variables (covariates) presented in Table 1.

Table 1. Research Variables
Variable Name Notation Variable Type Data Type

DO Y Response Variable Continuous
Degree of Color X1 Covariates Continuous
Detergent X2 Covariates Continuous
Nitrate Concentration X3 Covariates Continuous
pH X4 Covariates Continuous
Total Phosphate X5 Covariates Continuous
TDS X6 Covariates Continuous
Ammonia Concentration X7 Covariates Continuous
Ferrum X8 Covariates Continuous

This research used secondary data from the East Kalimantan Provincial Environmental Office. The population of this study
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is along the Mahakam River. The sample points on the Mahakam River flow from upstream to downstream Mahakam, which
have been determined by the East Kalimantan Provincial Environmental Office in 2022. The research procedure carried out is
given in Figure 1.

Figure 1. Analysis Step Flow Chart

2. Estimation of Weibull Distribution Parameters
The probability density function (PDF) of the random variable Y (Rinne, 2008), which has a scaled-shape version of the

Weibull distribution given by

f (y) =
γ

η

(
y

η

)γ−1

exp

[
−
(
y

η

)γ]
, (1)

where η is the scale parameter, and γ is the shape parameter. The PDF given by Equation (1) can be written in another form as

f (y) = λγyγ−1 exp [−λyγ ] (2)

with λ = η−γ where λ is the new scale parameter. The cumulative distribution function and the survival function, respectively,
are given by,

F (y) = 1− exp [−λyγ ], (3)

and

S (y) = exp [−λyγ ]. (4)

The Weibull distribution hazard function is given by,

h (y) = λγyγ−1. (5)

Based on Equation (1), the r-th moment and the mean (expectation) of the random variable Y respectively is
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and

µY = E (Y ) = λ− 1
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(
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γ
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)
. (7)

One method for estimating Weibull distribution parameters is Maximum Likelihood Estimation (MLE). The likelihood
function based on PDF given by Equation (1) is defined by

L(θ0) =

n∏
i=1

λγyγ−1
i exp (−λyγi ) , (8)

The log-likelihood function based on the likelihood function is

ℓ (θ0|y) = ln [L (θ0|y)] =
n∑

i=1

lnλ+ ln γ + (γ − 1) ln yi − λ yγi . (9)

θ̂0 which maximizes the likelihood function is obtained from the first derivative of the log-likelihood Function (9) for all param-
eters and is equated to zero, namely

∂ℓ (θ0|y)
∂θ0

= 0, (10)

with 0 is a 2-dimensional zero vector, and Equation (10) is called the likelihood equation. The left side of equation (10) is a
gradient vector of dimension 2, namely

g1 (θ0) =
∂ℓ(θ0|y)
∂θ0

=

[
∂ℓ (θ0)

∂λ

∂ℓ (θ0)

∂γ

]T
. (11)

Likelihood Equation (10) is a system of interdependent nonlinear equations, so the exact solution to obtain the maximum like-
lihood (ML) estimator cannot be found analytically. The method to obtain the ML estimator is the Newton-Raphson iterative
method (Suyitno et al., 2022).

3. Weibull Regression Model Parameter Estimation
The WR model can be mathematically constructed from the Weibull distribution with the scale parameter (λ) expressed as

a function of the covariates or a function of the regression parameters. The scale parameter (λ) is a positive real number, so it
can be expressed as

λ (x) = exp
(
−βTx

)
= exp (−β0 − β1X1 − β2X2 − . . .− βpXp), (12)

where βT =
[
β0 β1 . . . βp

]
and x = [1X1 . . . Xp]

T .

Substituting Equation (12) into Equation (4) obtained a general Weibull survival regression model, namely

S(y,x) = exp
(
−yγ exp

[
−βTx

])
. (13)

Based on Equations (3) and (12), the Weibull cumulative distribution regression model has an expression,

F (y,x) = 1− exp
(
−yγ exp

[
−βTx

])
. (14)

The Weibull hazard regression model can be constructed from Equations (5) and (12), that is,

h (y,x) = γyγ−1 exp
[
−βTx

]
. (15)

The mean Weibull regression model is obtained by substituting Equation (12) into Equation (7), and it has an expression
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µy (x) = Γ

(
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γ
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)
exp

[
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γ
βTx

]
. (16)

Based on Equations (13) and (15), we obtain the probability density function (pdf), which is directly influenced by the regression
parameters, namely

f(Y,x) = γyγ−1 exp
[
−βTx

]
exp

(
−y exp

[
−βTx

])
. (17)

Estimating the parameters of the WR model can use the MLE method. The first step in the MLE method is defining the
likelihood function (Fajriati et al., 2022). The likelihood function can be written in the form

L (θ) =

n∏
i=1

(
γyγ−1

i exp
[
−βTxi

])δi
exp

(
−yγi exp

[
−βTxi

])
, (18)

with xi =
[
xi0 xi1 xi2 . . . xip

]T
;xi0 = 1 and δi is the classification status of the i-th individual, defined by

δi =

{
0, if yi ≥ y∗

1, if yi < y∗
,

where y∗ is a known positive real constant. Applying the natural logarithm to Equation (18) can be obtained the log-likelihood
function, namely

ℓ (θ) = lnL(θ) =

n∑
i=1

(
δi
[
ln γ + (γ − 1) ln yi − βTxi

]
− yγi exp

[
−βTxi

])
. (19)

The ML estimator of the WR model is obtained by solving the likelihood equation given by

∂ℓ (θ)

∂θ
= 0, (20)

where 0 is the zero vector of dimension p+ 2, and the right side of Equation (20) is the p+ 2 dimensional gradient vector. The
general form of the gradient vector based on Equation (20) is

g (θ) =
∂ℓ (θ)

∂θ
=

[
∂ℓ(θ)
∂γ

∂ℓ(θ)
∂βT

]T
(21)

The likelihood Equation (20) consists of nonlinear equations, so the exact solution to obtain the exact ML estimator cannot be
found analytically. The method for solving Equation (18) to obtain an approximation of the ML estimator is the Newton-Raphson
iterative method (Khairunnisa et al., 2023).

4. Hypothesis testing of Weibull regression model parameters
The regression parameter significance test will be carried out simultaneously and partially. Simultaneous parameter testing

is done to determine the significance of the β parameter on the response variable simultaneously or to determine the feasibility
of the model (Suyitno, 2017). The simultaneous testing hypothesis is

H0 : β1 = β2 = . . . = βp = 0

H1 : at least one βk ̸= 0, k = 1, 2, . . . , p

The test statistic based on the likelihood ratio method is

G = 2
(
ℓ
(
θ̂
)
− ℓ

(
θ̂1

))
(22)

where θ̂ =
[
γ̂ β̂0 β̂1 . . . β̂p

]
is the set of parameters under the complete Weibull regression model (population

model), and ℓ
(
θ̂
)

is the maximum value of the log-likelihood function in the Equation (19) (Khairunnisa et al., 2023).
Partial parameter testing was done to determine whether certain variables individually affected the Weibull regression model

(Suyitno, 2017). The partial testing hypothesis for certain k with k = 1, 2, . . . , p is
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H0 : βk = 0

H1 : βk ̸= 0

The test statistic is given by

Zs =
β̂k√

var
(
β̂k

) (23)

where Zs ∼ N(0, 1) for n → ∞, var
(
β̂k

)
is the p+1th diagonal element of the inverse of the Fisher information matrix that is[

If

(
θ̂
)]−1

. The Fisher information matrix is defined by If

(
θ̂
)
= −H

(
θ̂
)

(Suyitno et al., 2022).

5. Analysis Steps
The steps of data analysis in this research are as follows:

1) Perform descriptive statistical analysis.
2) Estimating the pdf parameters of the scale-shape version of the Weibull distribution.
3) Testing the distribution of response variable sample data.

Testing the suitability of data distribution is used to determine the distribution of survival data. One method of testing data
distribution is the Kolmogorov-Smirnov test (Dimitrova et al., 2020).

4) Detect multicollinearity between independent variables.
Multicollinearity in the regression model causes the variance of the parameter estimator to be large. Multicollinearity
cases can be detected using the Variance Inflation Factor (VIF) value. A VIF value greater than 10 indicates a case of
multicollinearity (Sugiarto et al., 2021).

5) Determine the best Weibull regression model.
The best model selection is done to get the simplest and best model. Model selection is based on the smallest Akaike
Information Criterion (AIC) value (Rencher & Schaalje, 2008).

6) Estimate Weibull Regression model parameters.
7) Hypothesis testing of Weibull regression model parameters simultaneously.
8) Hypothesis testing of Weibull regression model parameters partially.
9) Interpret the Weibull Regression model.

Interpretation of the Weibull regression model based on the ratio values of the Weibull survival regression model, Weibull
cumulative distribution regression, Weibull hazard regression and Weibull mean regression. Weibull hazard regression
ratio of the i-th individual based on covariate Xk

Rh (xik) = exp (−β̂k), k = 1, 2, . . . , p (24)

The values of the survival regression ratio and Weibull cumulative distribution based on continuous covariate Xk are
respectively

RS (xik) =
Ŝ (yi,xi|xik + 1)

Ŝ (yi,xi|xik)
, (25)

and

RF (xik) =
1− Ŝ (yi,xi|xik + 1)

1− Ŝ (yi,xi|xik)
. (26)

The ratio value of mean regression based on continuous covariate Xk is

Rµ (xik) = exp

(
1

γ̂
β̂k

)
. (27)
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C. RESULT AND DISCUSSION
1. Descriptive Statistics

Data description is stated in descriptive statistics consisting of mean value (average), maximum value, minimum value, and
standard deviation. Descriptive statistics are displayed in Table 2.

Table 2. Descriptive Statistics
Variable Average Maximum Minimum Standard Deviation

DO (Y ) 5.3636 7.0 3.6 1.2254
Degree of Color (X1) 86.7878 170 21 46.6394
Detergent (X2) 0.0162 0.1300 0.0020 0.0201
Nitrate Concentration (X3) 0.3168 1.6.0 0.02 0.4278
pH (X4) 7.0769 7.830 6.350 0.3210
Total Phosphate (X5) 0.0309 0.180 0.025 0.0272
TDS (X6) 59.7557 184 12 47.0111
Ammonia Concentration (X7) 0.3445 5.00 0.01 0.9299
Ferrum (X8) 0.6093 4.00 0.04 0.7585

Based on the descriptive statistics in Table 2, the average DO is 5.3636 mg/L, below the standard number threshold of 6
mg/L. This shows that, in general, the Mahakam River water is indicated to be polluted.

2. Weibull Distribution Parameter Estimation
Weibull distribution parameter estimation was performed on DO data with classification status δi = 1 for DO data less

than 6 mg/L. It is assumed that the DO data follows Weibull distribution with PDF is given by Equation (2). The result of the
parameter estimation using the MLE method is presented in Table 3.

Table 3. Estimated Weibull Distribution Parameters
Parameters Estimated

Scale (λ) 4.6694
Shape (γ) 6.7000

Based on the parameter estimates in Table 3, the estimated probability density function based on Equation (2) is

f̂ (y) = 31.28498 y5.7000 exp
[
−4.6694 y6.7000

]
(28)

and the estimated cumulative distribution function based on Equation (3) is

F̂ (y) = 1− exp
[
−4.6694 y6.7000

]
. (29)

3. Weibull Distribution Testing
Testing the distribution of DO data using the Kolmogorov-Smirnov approach. The cumulative distribution function of the

sample is expected to be the same as the population distribution function. The cumulative distribution function of the population
is F (y). The distribution testing hypothesis formulation is

H0 : F (y) = F̂ (y)

(DO data is Weibull distributed with the distribution function F̂ (y) given by Equation (29))

H1 : F (y) ̸= F̂ (y)

(DO data is not Weibull distributed).
The results of the calculation of the D test statistic are presented in Table 4.

Table 4. Weibull Distribution Testing of DO Data
Test Statistics (D) D(18;0,05) Pvalue Decision

0.2331 0.3090 0.2818 H0 accepted
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Based on the calculation of the test statistic presented in Table 4, it was decided to accept H0 at the 0.05 significance level.
It is supported by the statistical value of D = 0.23315 < D(18;0,05) = 0.3090. The conclusion of the hypothesis test states that
the DO data is Weibull-distributed.

4. Multicollinearity Detection
The initial step of parameter estimation is multicollinearity detection between covariates. Multicollinearity detection is

based on the Variance Inflation Factor (VIF) value. VIF value > 10 indicates that there is multicollinearity between covariates.
Based on result of computation, it was obtained that every VIF value of covariate displayed on Table 2 was less than 10. Conclu-
sion of detecting of multicollinear is there is no multicollinear between covariates, so that WR modeling in this study can involve
8 covariates which is given by Table 2, namely water color degree, detergent, nitrate concentration, pH, total phosphate, TDS,
ammonia concentration, and ferrum.

5. Parameter Estimation of the Best Weibull Regression Model
WR model in this study consists of the Weibull survival regression model, Weibull cumulative distribution regression model,

Weibull hazard regression model, and Weibull regression model for the mean. The best model is obtained based on the minimum
AIC value. After the selection process, the best WR model was a model with 2 covariates: color degree and nitrate concentration.
The result of estimating the parameter of the WR model using the MLE method is presented in Table 5.

Table 5. Parameter Estimation of Weibull Regression Model
Parameter Estimated

γ 5.7028

β0 12.5639

β1 −0.0203

β3 −1.6266

Based on the results of estimating the Weibull regression model parameters in Table 5, the Weibull survival regression model
is obtained as follows:

Ŝ (y,x) = exp
(
−y5.7028 exp (−12.5639 + 0.0203X1 + 1.6266X3)

)
. (30)

The Weibull cumulative distribution regression model is

F̂ (y,x) = 1− exp
(
−y5.7028 exp (−12.5639 + 0.0203X1 + 1.6266X3)

)
. (31)

The Weibull hazard regression model is

ĥ (y,x) = 5.7028Y 4.7028 exp (−12.5639 + 0.0203X1 + 1.6266X3), (32)

and the Weibull regression model for the mean is

µ̂Y (x) = 0.9250 exp (2.2031− 0.0035X1 − 0.2852X3), (33)

The Weibull survival regression model shows the probability that the Mahakam River water is not polluted, the Weibull
cumulative distribution regression model shows the probability that the Mahakam River water is polluted, the Weibull hazard
regression model shows the pollution rate of Mahakam River water, and the Weibull mean regression model shows the average
DO of the Mahakam River water.

6. Hypothesis Testing of the Best Weibull Regression Model Parameters Simultaneously
Simultaneous parameter testing aims to determine whether the covariates simultaneously affect the RW model. The hypoth-

esis for simultaneous parameter testing is

H0 : β1 = β3 = 0

H1 : At least oneβk ̸= 0, k = 1, 3
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The test statistic is the G statistic with G ∼ χ2
2. The test decision of WR parameters simultaneously is presented in Table

6.

Table 6. Hypothesis Testing Results of WR Model Parameters Simultaneously
Test Statistics (G) χ2

(0,95;2)
Pvalue Decision

21.27537 5.9914 2.3994× 10−5 H0 was
Rejected

Based on the results of the test statistic calculations shown in Table 6, it was decided to reject H0 at the significance
level α = 0.05. So, it can be concluded that the WR model is a fit model or that the color degree and nitrate concentration
simultaneously influence the WR model. It is supported by the test statistical value G = 21.27537 > χ2

(0.95;5) = 5.9914 and
Pvalue = 2.3994× 10−5 < α = 0.05, which shows that the decision to reject H0 was correct with the probability maximum of
type 1 error of 5%.

7. Hypothesis Testing of the Best Weibull Regression Model Parameters Partially
Partial parameter testing aims to determine the effect of each covariate of the WR model. The partial parameter testing

hypothesis for the βk parameter with k = 0, 1, 3 is

H0 : βk = 0

H1 : βk ̸= 0

The test statistic used is the Zs statistic based on Equation (23) with Zs ∼ N (0, 1). The test results are presented in Table 7.

Table 7. Hypothesis Testing Results of WR Model Parameters Partially
Variable Parameter SE |Zs| Pvalue Decision

Constant (X0) β0 2.2192 5.6612 1.5026× 10−8 H0 Rejected
Degree of Color (X1) β1 0.0056 3.5691 3.5811× 10−4 H0 Rejected
Nitrate Concentration (X3) β3 0.4584 3.5482 3.8779× 10−4 H0 Rejected

Based on the statistical value |Zs| obtained in Table 7, the variables color degree (X1) and nitrate concentration (X3)
individually affect the WR model. It is supported by the value |Zs| variables X1 and X3, respectively, which are 3.5691 and
3.5482 greater than the critical value Z0.975 = 1.96 and the Pvalue of each variable respectively is 3.5811× 10−4 and 3.8779×
10−4, which is less than α = 0.05. The decision to reject H0 on this hypothesis testing was correct, with a confidence level of
95%.

Based on the WR models given by Equations (30), (31), (32), and (33), information on the potential water pollution on the
Mahakam River is obtained and displayed in Table 8. Based on Table 8, the average probability that the Mahakam River water
is not polluted is 0.6555, and the average probability that the Mahakam River water is polluted is 0.3444. The average pollution
rate of Mahakam River water is 0.6083 locations for every 1 mg/L DO, or equal to 6 locations polluted for every 10 mg/L DO.
The average DO for Mahakam River water is 5.7450 mg/L. Based on DO content, in general, Mahakam River water is indicated
to be polluted because the DO content is less than 6 mg/L.

Table 8. Hypothesis Testing Results of WR Model Parameters Partially
Regression Model Probability Average

¯̂
S(y,x) 0.6555
¯̂
F (y,x) 0.3445
¯̂
h(y,x) 0.6083
¯̂µ(x) 5.7450

8. Interpretation of the Best Weibull Regression Model
The interpretation of the Weibull regression model is based on the ratio value of hazard regression, survival regression,

cumulative distribution regression, and mean regression. Interpretation of the Weibull regression model is based on the ratio
value of the color degree variable (X1) and nitrate concentration (X3). The calculation results of survival regression ratio,
cumulative distribution regression ratio, hazard regression ratio and mean regression ratio can be seen in Table 9.
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Table 9. Hypothesis Testing Results of WR Model Parameters Partially

Regression Model
Weibull Regression Ratio Every

1 Unit Increase of Covariate
X1 X3

Survival Regression Ratio (RS (Xk)) 0.9965 0.5058

Cumulative Distribution Regression Ratio (RF (Xk)) 1.0188 3.7227

Hazard Regression Ratio (Rh (Xk)) 1.0205 5.0865

Mean Regression Ratio (Rµ (Xk)) 0.9964 0.7518

Based on Table 9, RS1 (x1) = 0.9965 shows that increasing the color degree will decrease the probability of the Mahakam
River not being polluted to 0.9965 times or a decrease of 0.35%. Graphically, decreasing the probability that the Mahakam River
water is not polluted after increasing one unit of the color degree can be seen in Figure 2a. Based on Figure 2a, it is known
that the blue graph is the graph after increasing 1 unit color degree, while the red graph is the graph before increasing color
degree. The blue graph is below the red graph, which shows that the probability of the Mahakam River water not being polluted
decreases when the color degree increases. Based on Table 9, RS (X3) = 0.5058 shows that increasing the nitrate concentration
will decrease the probability of the Mahakam River not being polluted by 0.5058 times or 49.42%.

(a) (b)

Figure 2. (a) Probability of Mahakam River Water Not Polluted After Increasing Color Degree (Blue) and Before Increasing Color
Degree (Red). (b) The probability of Mahakam River water being polluted after increasing the color degree (blue) and before

increasing the color degree (red).

Based on Table 9, RF 1 (x1) = 1.0188 shows that increasing the color degree will increase the probability of the Mahakam
River being polluted to 1.0188 times or increase by 1.88%. RF 3 (x3) = 3.7227 shows that increasing the nitrate concentration
will increase the probability of the Mahakam River being polluted to 3.7227 times or increase it by 272.27%. A graph of the
increasing probability that the Mahakam River water is polluted after increasing one unit of the color degree (X1) can be seen
in Figure 2b. Based on Figure 2b, it is known that the blue graph is the graph after increasing 1 unit color degree, while the red
graph is the graph before increasing color degree. The blue graph is above the red graph, which shows that the probability of the
Mahakam River water polluted increases when the color degree increases.

As presented in Table 9, Rh1 (x1) = 1.0205 shows that increasing the color degree will increase the pollution rate to 1.0205
times or an increase of 2.05%. Rh3 (x3) = 5.0865 shows that increasing the nitrate concentration will increase the pollution rate
to 5.0865 times or increase by 408.65%. A graph of the Mahakam River water pollution rate after increasing one unit of color
degree can be seen in Figure 3a. Based on Figure 3a, it is known that the blue graph is the graph after increasing 1 unit color
degree, while the red graph is the graph before increasing color degree. The blue graph is above the red graph, which shows that
the rate of Mahakam River water pollution increases when the color degree increases.

Table 9 shows Rµ1 (x1) = 0.9964 this means increasing the color degree will decrease the average of DO to 0.9964 times
or decrease by 0.36%. Rµ3 (x3) = 0.7518 means that increasing the nitrate concentration will decrease the average of DO to
0.7518 times or decrease by 24.82%. A graph of the decrease in the average of DO Mahakam River water after increasing one
unit of the color degree can be seen in Figure 3b.
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(a) (b)

Figure 3. (a) Mahakam River Water Pollution Rate After Increasing Color Degree (Blue) and Before Increasing Color Degree (Red).
(b) Average DO of Mahakam River Water After the Increasing Color Degree (Blue) and Before the Increasing Color Degree (Red).

Based on Figure 3b, the blue graph shows the Mahakam River water after increasing 1 unit of color degree, while the red
graph shows the Mahakam River water before increasing color degree. The blue graph is below the red graph, which means that
increasing the color degree will decrease the DO of the Mahakam River water.

Compared with research conducted by Panduwinata et al. (2022), using the Biochemical Oxygen Demand (BOD) indicator,
it is known that the factors that influence Mahakam River water pollution are pH, TDS, and water discharge. This study uses DO
indicators and obtains factors that influence Mahakam River water pollution: color degree and nitrate concentration. This study
also discussed the cumulative distribution regression model, which was not discussed in previous research.

D. CONCLUSION AND SUGGESTION
Based on the results and discussion carried out in the previous chapter, it is known that factors that affect the DO of Mahakam

River water are the degree of color degree and nitrate concentration. Increasing color degree and nitrate concentration, respectively,
will decrease the probability that the Mahakam River is not polluted, increase the probability of the Mahakam River being polluted,
increase the pollution rate, and decrease the average of DO. Based on the Weibull regression model, it is known that the pollution
potential of the Mahakam River water is that the average probability that the Mahakam River water is not polluted is 0.6555, and the
average probability that the Mahakam River water is polluted is 0.3445. The average rate of polluted Mahakam River water is 0.6083
locations for every 1 mg/L DO, or equal to 6 locations are polluted for every 10 mg/L DO, and the average DO for Mahakam River
water is 5.7450 mg/L. Based on DO content, in general, Mahakam River water is indicated to be polluted because the DO content is
less than 6 mg/L. Based on the conclusions, it is hoped that the surrounding community can maintain a clean environment. Besides
that, factory, mining and residential activities can control waste production.
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