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local pollution points and their pollution status and to map the location of the company
to determine the possible contribution of the company to water pollution using a
Web-based Geographical Information System (Web-GIS) technology. The data used in
this study came from the Environmental and Sanitation Service (DLHK) Sidoarjo
Regency. The Pollution Index (IP) method is used for the spatial analysis process based
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INTRODUCTION

Water pollution is the entry or inclusion of living things and other components into water by human
activities, therefore, the water quality decreases to a certain level cause water cannot function according to its
use [1]. Indonesia has entered the list of 10 water-rich countries with water availability reaching 3.9 trillion
m3 / year, but only 17.69% can be utilized and 25.3% of them for irrigation, domestic, urban and industrial
needs [2]. Abundant water is collected in water sources of =5,590 rivers and 1,035 lakes [2]. Based on
PP-RI No0.82 of 2001 concerning Water Quality Management and Water Pollution Control, it has been
explained that water is an important component of the environment for human life and other living things [1].
Therefore, knowing and understanding environmental conditions and quality is very important. This is useful
as a basis for a country's policy to utilize the potential of the environment to improve people's welfare [2]

Sidoarjo District is located in East Java Province which surrounded by two rivers, the Surabaya
River and the Porong River, which is a branch of the Brantas River which has an upstream in Malang
Regency. Indonesia has thousands of rivers, but the exact number is not known [2]. Some of the famous
large rivers are the Ciliwung, Bengawan Solo, Kapuas and Cisadane rivers. But unfortunately, all the big
rivers are in polluted condition [2]. In 2016, the three rivers were heavily polluted. Today, although Sidoarjo
District is one of the big cities in East Java, but there are still many problems related to environmental
conditions. An interim survey based on the results of an interview by Mr. Mohamad Edi Kurniadi, ST, MM
as the Head of Environmental Management and Pollution Control at DLHK Sidoarjo District on September
27, 2019, at 11:00 WIB, it was stated that there were environmental conditions including waste problems,
floods, fires, and lack of clean water. The results of Indonesian Environmental Statistics in 2018 regarding
the status of river water quality in 2016 stated that the Surabaya River, Porong River, and Brantas River were
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heavily polluted, so that Sidoarjo Regency is very critical of clean water, because the three large rivers
surrounding it have been polluted [3].

Previous studies used the IP method to map pollution [4], to determine the status of river water
quality [5]. Physical, chemical, and biological parameter data to determine the level of pollution due to waste
[6]. IP and IDW methods as well as data on the rainy and dry seasons were used to predict water quality
conditions spatially [7]. Water quality data for the period January-December 2017 is for determining water
quality status [8], BOD and COD monitoring data are used to determine the characteristics of sea water
guality at low tide [9]. Data of spatial and temporal variations in physico-chemical parameters were used to
evaluate chemical physics characteristics [10]. The Water Quality Index (WQI) method with 15 parameters
aims to provide an understanding of water quality [11]. The use of GIS technology aims to evaluate river
water quality [12], water quality data from several river water samples are used to quickly determine the
status of river water quality [13]. Based on a literature review study, the analysis process was carried out
only on one river flow and there was a lack of other actions to utilize data or documents owned by the
agency. This study will use the IP method to identify water quality in Sidoarjo Regency.

The purpose of this study is to provide information on the location of the river test post and the point
of the surface water pollution area (river area range) with a radius of 100m based on the pollution status, and
to provide information on the location of companies in Sidoarjo Regency in knowing the correlation of
surface water pollution levels based on data mapping. companies (companies that contribute as a cause of
water pollution). Correlation of pollution levels will be adjusted to company data based on environmental
documents, namely Environmental Management Efforts and Environmental Monitoring Efforts (UKL-UPL).
This research will utilize web-based Geographic Information System (GIS) technology (Web-GIS).

This study will use the IP method to determine the status of water quality which will show 4 levels
of condition, namely good, lightly polluted, moderately polluted, and heavily polluted within a certain time
based on river test results with physical (TSS), chemical (DO, BOD, COD, Phosphate), and microbiology
(Total Coliform, Fecal Coliform), as well as company data used to find out the contribution of each company
to water pollution. The status of water quality in the IP Method is in a good category if it has a value of 0 <
Plj < 1.0, the category is lightly polluted with a value of 1.0 <PIlj<< 5.0, the category is moderately
polluted with a value of 5.0 <PIj<< 10, and is polluted weight with PIj value> 10.

The results of this study can facilitate DLHK Sidoarjo District, as well as use supporting methods in
providing information about areas that have been identified as water pollution and their pollution status, and
can identify companies that contribute to water pollution based on UKL-UPL documents. So that DLHK can
immediately take firm action and re-monitor the contaminated surface water flow area

Spatial dataset consists of two components, namely spatial data and attribute data [14]. The parameters
used in this study will be adjusted to the results of the Decree of the State Minister for the Environment
Number: 115 of 2003 [15] as in Table 1 (Source: Guidelines for the Indonesian IKLH 2013 [16]).

Parameters Total Suspended Solid (TSS) is a solid in the solution but not dissolved, cannot turn into
a cloudy solution, cannot immediately settle. Example: mud, clay, metal, fungus [15]. Dissolved Oxygen
(DO) parameter is the dissolved oxygen content in river water for measuring water quality parameters [15].
Biochemical Oxygen Demand (BOD) parameters are the amount of dissolved oxygen required by
microorganisms in the air to break down organic matter [15]. Parameter of Chemical Oxygen Demand or
Chemical Oxygen Demand (COD) is the amount of chemical compounds needed for oxygen in the air to
break down organic matter [15]. Phosphate parameter is any compound in the form of dissolved, suspended
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in the organism cell [15]. Parameters Total Coliform or Total Coliform Bacteria are bacteria found in soil
and air environments that affect surface water, as well as those that affect the disposal of animal and human
waste [15]. The parameter of Fecal Coliform or Coliform Bacteria Content is the total coli group, but more
specifically the indication is an accurate indication of animal or human waste contamination [15].

Table 1. Water Pollution Index Spatial Data

Spatial Data Quiality standards
TSS 50
DO 4
BOD 3
COD 25
Fosfat 0
Total Coliform 1000
Fecal Coliform 5000
Firm Location
METHOD

Spatial data analysis resulted from spatial data modeling. Spatial data sets were used as baseline data
[17]. The process stages in spatial data modeling to identify the surface water pollution index in Sidoarjo
Regency are shown in the flowchart of Figure 1. This stage provides an overview of how the system works.
Starting from inputting all the data needs, then the spatial data modeling process is carried out by
determining the Al method that matches the behavior of the data obtained from the recording process, and
the final process is displaying the spatial data modeling results file according to its function and purpose in
GIS [14].

The first step is defining spatial data and attribute data in the spatial shapefile dataset (* .shp). The
dataset includes maps of Sidoarjo Regency, including TSS, DO, BOD, COD, Phosphate, Total Coliform and
Fecal Coliform which are included in the Pollution Index calculation method. The Pollution Index method
already has a value classification with good coverage categories, lightly polluted, moderate polluted and
heavily polluted as in Table 2 (Source: KepMenLH Number 115 of 2003 [15]). It can be concluded that the
good category will be indicated by a green dot description, the lightly polluted category will be shown in
yellow, the moderate polluted category will be shown in orange, while the heavily polluted category will be
shown in red.

Table 2: Category Result Of Water Pollution

Pollution Index value Water Criteria
0<PIj<1,0 Good

1,0<Plj<5.,0 Lightly Polluted
5,0<PIj<10 Moderately Polluted
Plj> 10 Heavily Polluted
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Figure 1. Flowchart of Spatial Data Modeling with Pollution Index Method
The Pollution Index Method
The steps for the Pollution Index Method are as follows [15]:

The pollution index method Pliin Q).

Pl = o G/ +(C/ )R
] 2 (1)

Where :

PI;= pollution index of Designation to-j

€; = The concentration of water quality parameter to-i
measurement result

L ;= The concentration of water quality to-i listed in the
designation quality standard to-j

(€i/Li)M = Maximum Value Ci/ Li;

(C: / Lif)R = Average Value i/ L
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The initial step for the value of Pl; in the equation (1) is calculated with 2 conditions, namely having no

theoretical value and having a theoretical value. In conditions that have no theoretical value, parameters TSS,
BOD, COD, Phosphate, Total Coliform and Fecal Coliform are shown in Equation (2). Meanwhile,
conditions that have a theoretical value are found in the DO parameter shown in Equation (3).

Has no theoretical value

PI; value is calculated based on C: value which s the test result for each parameter and Ly variable is

the quality standard for each parameter.
PI; =C; [ Ly (2)
Has theoretical value

Value of Plitesoritik) is calculated based on C: than the result test of L that designation of each

parameter and Cim variable that maximum limit of saturated DO value (7).

—Cpo
Plpg (teoritik) = (T—L}_}g) /Lpo (3)
Determine £limewy that also has 2
Condition value based on the final result £Z < 1.0 as equation (4) and PLi>1.00n equation 5)

If result measurement value £%i < 1.0 based on equation (1) and (2), then in this second step the final

measurement results will be written down immediately, without any calculations.
PI;

Jjrhasil pengukuran) (4)

If result measurement £4i> 1.0 in equations (1) and (2), then the next calculation will be based on

equation (5). The calculation of the logarithm with the variable P, which is a predetermined constant, is 5.
Value of liaruy = 1,0 is a critical value, because this value is expected to meet the Water Allocation
Quality Standard.

(Ci / Lij)baru = 1.0+P.log (€ / Lif) result measurement (5)

Determine the maximum and average values based on the results of equations (4) and (5). The value of Flx
in equation (6) based on the variable M is the maximum value. The value of FIz in equation (7) based on
the variable M is the maximum value.

Fly = Flitgarwi (6)

Plg = Plitharw & 7)

Determine the final result of Plj based on equation (1) which will then be determined pollution category
based on Table 2.

Confusion Matrix Method

The Confusion Matrix method is used to determine accuracy, precision and recall values between the actual
data and the classification results [18] [19].

Measurements can be made based on equations. (8), (9) and (10).
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Accuracy = (TP +TN)/(TP + FP +TN + FN) ©)
Precision = TP/(TP + FF) )
Recall = TP/(TP + FN) (10)
Where:

» TP is positive value data that is properly labeled by the classifier, let the TP value be the true positive
number.

* TN is Negative value data correctly labeled by the classifier, let the TN value be the true negative number.

* FP is Negative data which is incorrectly labeled as positive, let the FP value be the number of false
positives.

* FN represents positive value data which is incorrectly labeled as negative, let the FN value be the number
of false negatives.

RESULTS AND DISCUSSION
The results of trials that have been carried out from 21 river test posts and 45 company location data in
Sidoarjo Regency in 2019, data were obtained from the Environmental and Cleanliness Service of Sidoarjo
Regency. The results of modeling the spatial data from the river test post with the category of surface water
pollution index classification using the Pollution Index method as in Table 3 and Figure 2.As for the results
of the company location mapping as in Table 4 and Figure 3.

Figure 3. The results of the company location mapping
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Table 3: Classification With Ip Method

Class Data in 2019
Good 0
Lightly Polluted 19
Moderately Polluted 2
Heavily Polluted 0
Table 4: The Results Of The Company Location Mapping
Type Data in 2019
PT 38
Cv 7

PI; value of equation (1) calculated with 2 conditions, namely having no theoretical value and having a

theoretical value. In conditions that have no theoretical value, parameters TSS, BOD, COD, Phosphate, Total
Coliform and Fecal Coliform are shown in Equation (2). Meanwhile, conditions that have a theoretical value
are found in the DO parameter shown in Equation (3). £ teoricixy will shaped in to PIT_DO. Cim value is
saturated DO with value of 7.

The test results from 7 parameters such as Table 1 will be C_TSS, C_ DO, C_BOD, C_COD, C_Fosfat,
C_TotalC and C_FecalC. As for the quality standards of the 7 parameters, it will be L_TSS, L_ DO, L_BOD,
L_COD, L_Fosfat, L_TotalC and L_FecalC. Equation (2), namely:

PI_TSS =C_TSS/L_TSS

Pl_BOD = C_BOD/L_BOD

PI_COD =C_COD/L_COD

Pl_Fosfat = C_Fosfat/L_Fosfat

Pl _FecalC =C_FecalC/L_FecalC

Pl TotalC=C_TotalC/L_TotalC

Equation (3) described :

pIT Do = (22 /oo

Value of Pjtearu) has 2 condition value final result measurement £Zi < 1.0 as equation (4) and £% > 1.0 in

equation (5). Plimewy to be PIB_TSS, PIB_DO, PIB_BOD, PIB_COD, PIB_Fosfat, PIB_FecalC dan
PIB_TotalC. The value of P is a constant that has a value of 5. Flitbaruy will be determined by looking at the
final result of Equations (2) and (3). Equation (4), namely:

PIB_TSS = PIB_TSS(result measurement)

PIB_DO = PIB_DO(result measurement)

PIB_BOD = PIB_BOD(result measurement)

PIB_COD = PIB_COD(result measurement)

PIB_Fosfat = PIB_Fosfat(result measurement)

PIB_FecalC = PIB_FecalC(result measurement)

PIB_TotalC = PIB_ TotalC (result measurement)
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Equation (5) is:

PIB_TSS = 1.0+5*log PIB_TSS(result measurement)

PIB_DO = 1.0+5*log PIB_DO(result measurement)

PIB_BOD = 1.0+5*log PIB_BOD(result measurement)

PIB_COD = 1.0+5*log PIB_COD(result measurement)

PIB_Fosfat = 1.0+5*log PIB_Fosfat(result measurement)

PIB_FecalC = 1.0+5*log PIB_ FecalC (result measurement)

PIB_TotalC = 1.0+5*log PIB_ TotalC (result measurement)

The maximum and average values are determined based on Equations (6) and (7). The determination will be
seen based on the results of equations (4) and (5). Next, look for the final result Plj based on Equation (1)
to determine the classification of pollution categories based on Table 2.

The IP method testing based on Equation (1) to Equation (7) in Figure 2 is carried out with a spatial dataset
such as Table 2. The figure shows that the orange polluted category has a smaller number, namely 2 test
posts. The results of the moderate polluted category will be given an example as in Figure 4. In this figure
there is a test location at Pos VI Pucang Bridge JI. A. Yani who is in the Pucang Canal with a test value of
TSS 40.50, DO 4.20. BOD 13.70, COD 47.84, Phosphate 4.66, Fecal Coliform 191.50 and Total Coliform
1.155. Based on the data from the test results, it has given the final result an average value of 5.23, a

maximum final value of 61.38 and F!; is5.77.

+

[S)[ 1 ]=

———

(Features: 21, Selected: 1)

Figure 4. Result of Moderately Polluted Category IP Method
Meanwhile, for the data 19 test posts were categorized as lightly polluted which were marked in yellow.
The results of the moderate polluted category will be given an example as in Figure 5. In this figure there is a
test location at Post 111 Dsn Bridge. Tambaksari Tambakrejo Waru Village which is in the Buntung Channel
with a TSS test value of 11.00, DO 4.05. BOD 6.50, COD 21.45, Phosphate 0.45, Fecal Coliform 81.50 and
Total Coliform 295.00. Based on the data from the test results, it has given the final result an average value

of 0.97, a maximum final value of 7.49 and PI; of2.06.
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©IE)

————

Peta Analisa (Features: 21, Selected: 1)

Tambalsari Desa
Tambakrejo Waru

Figure 5. Results of the Light Polluted Category IP Method

.CONCLUSION

The analysis results with the Pollution Index method based on the parameters of physics (TSS),
chemistry (DO, BOD, COD, Phosphate), and microbiology (Total Coliform, Fecal Coliform) at 21 river test
posts gave classification results of 19 posts with lightly polluted status and 2 posts. has a medium tainted
status. At that post point with a radius of 100m, no company location points enter the circular area. The
results of calculations using the Pollution Index method are able to provide an accuracy value of 91%, 34%
precision and 49% recall. The development of further research is the need for research trials using other
methods that are considered supportive of the use of parameters and the addition of parameters in testing. It
is necessary to add the location of the test post to find out the differences in accuracy, precision and recall
values. The test results using the Confusion Matrix to test the feasibility of using the IP method with
Web-GIS technology to identify the surface water pollution index obtained the Accuracy 91%, 34%
Precision and 49% Recall.
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