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ABSTRACT

Water has recently become a final disposal site for wastewater. Land use has evolved with the global population
growth and is generally transformed into settlements and industrial areas. These land use changes could potentially
increase wastewater generation from both domestic and non-domestic activities. The Garang watershed, one of the
watersheds in Central Java, flows through the Semarang Regency, Kendal Regency, and Semarang City. This study
analyzed the water quality conditions in the Garang watershed and designed a real-time water quality monitoring
system. The methods used in this study included SWMM modeling, the national sanitation foundation water quality
index (NSF-WQI), and the internet of things. Samples were collected from 10 points in the Garang Watershed, with
a sampling frequency of five times at each point. The results of the data analysis demonstrated that the differences
in land use resulted in varying water parameter levels. The results of the SWMM modeling demonstrated an accept-
able model value (NOF between 0 and 1). On the other hand, the WQI analysis results demonstrated that the quality
status at the Garang watershed is “medium” at nearly all location points. The designed real-time water quality sensor
tool successfully transmitted water quality data online and in real-time, particularly for temperature, pH, turbidity,
and DO. This water quality monitoring system offers a variable percentage error value, with the pH sensor ranging
between 0.16% and 9.86% and the temperature sensor ranging between 0.64% and 1.72%.

Keywords: water quality index, SWMM, monitoring system, internet of things.

INTRODUCTION

Water is one of the most important compo-
nents of all life forms (Ewaid, Abed, Al-Ansari, &
Salih, 2020). Humans, animals, and plants cannot
survive in the absence of water. It can be obtained
from a variety of sources, such as surface water,
groundwater, and rainwater (Budihardjo et al.,
2022). Rivers are currently the final disposal sites
for wastewater in terms of water sources (Khan et
al., 2020). Human activity has, consequently had a
substantial impact on river water quality (Akhtar et

al., 2021). Land use has evolved over the years to
maintain the stability with increasing global popu-
lation, with the land typically being transformed
into settlements and industrial areas (Ellis, 2021;
Tong et al., 2023). These land-use changes may
potentially increase wastewater generation from
both domestic and non-domestic activities (Kumar
Sarangi et al., 2023).

Semarang, the capital city of Central Java, has
a relatively dense population of 1.659.975, with
a 0.22% growth rate from 2020 to 2022 (BPS,
2022). One of the watersheds in Semarang City is
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the Garang watershed, comprising four sub-wa-
tersheds — the Upper Garang, Kripiki, Kreo, and
Lower Garang (Hanafi & Pamungkas, 2021). The
Garang watershed flows through the Semarang
Regency upstream, and the Kendal Regency and
Semarang City downstream. The Garang water-
shed provides numerous benefits to human life —
the upstream section serves as a runoff reservoir.
In contrast, the downstream section is used as a
raw water resource and a flood control canal. The
Jatibarang Dam plays a significant role in flood
management specifically in the Kreo sub-water-
shed (Huda et al., 2019).

However, various problems have occurred
along the Garang watershed due to the changes
in land use (Dibaba, Demissie, & Miegel, 2020).
One of the largest changes in land use occurred
around the upper watershed, formerly used as a
protected area and is currently being converted
into a settlement and an agricultural area. Several
industries have developed in this area, includ-
ing food and beverage packaging, textiles, steel,
pharmaceuticals, and hotels. Waste is, conse-
quently, abundant in agriculture, domestic house-
holds, and industrial operations in the upstream of
the Garang watershed. The overflow of wastewa-
ter in the watershed results in the degradation of
water quality, as indicated by increased turbidity,
BOD, and COD, as well as decreasing DO. This
was reinforced by the water quality data of the
Garang River from January 2020 to 2022, which
were obtained from the PDAM Tirta Moedal
Semarang. The NTU level increased to 40 NTU
in 2021, whereas it increased to 1,3 and 1,6 mg/L
from 2021 to 2022.

The internet of things (IoT) can generally
work on multiple platforms and can be used in
various applications (Deng et al., 2021). It has
inspired the development of numerous technolo-
gies, including water quality monitoring sys-
tems (Gulati et al., 2022). In this study, a water
quality monitoring tool based on the internet of
things was developed specifically for the Garang
watershed. This tool provides a water quality
measurement system for the river continuously
and in real-time. The measurement results of the
system were integrated into a publicly accessi-
ble website. Unlike the previously developed in-
ternet of things-based water quality monitoring
system, this study also analyzed water quality
against the land-use changes occurring around
the Garang Watershed. SWMM modeling may
be a better method to assess the correlation

between the Garang watershed quality and land
use change. SWMM is a modeling software that
can simulate rainfall and dynamic runoff for
single occurrences, as well as long-term runoff
quantity and quality studies (McDonnell et al.,
2020). Along with the development of technol-
ogy that is currently underway in the Industrial
Revolution 4.0, the model validation method
will be utilized as a design for monitoring the
water quality of the Garang Basin River in real
time based on the [oT. IoT refers to the process
of connecting various sensors in the environ-
ment to nets (Kumar et al., 2019). As a result, the
use of [oT will make the real-time monitoring of
water quality significantly easier (Smys, 2020).

This study also explored the design of a real-
time Garang watershed quality monitoring tool
model based on the IoT. This study analyzed
the water quality of the Garang Watershed dur-
ing the rainy season without any prior treatment.
The observed parameters consider the sources of
pollutants entering the Garang Watershed, domi-
nated by domestic, industrial, and agricultural
activities, including temperature, pH, turbidity,
DO, BOD, and chemical oxygen demand COD.
The parameters that are monitored using the IoT-
based monitoring tool are limited to those that can
be monitored directly in real-time, including tem-
perature, pH, turbidity, and DO.

This paper discussed the analysis of the water
quality conditions in the Garang Watershed using
SWMM modeling, analysis of the water qual-
ity index status, and the design of an Internet of
Things-based real-time water quality monitoring
tool model (more effective and efficient monitor-
ing, evaluation and control of water quality) (Ija-
radar & Chatterjee, 2018) in the Garang Water-
shed which is equipped with tool monitoring data
calibration. This paper is structured into several
sections, including introduction, methodology,
results, discussion, and conclusion. This study is
expected to provide a recommendation for wa-
ter quality monitoring points in the Garang wa-
tershed in real time to identify and analyze any
significant change in water quality. This study is
additionally expected to be one of the materials
for the advancement of land use and water quality
modeling technology using SWMM software as
the basis for designing a model of real-time water
quality monitoring tools based on the IoT, partic-
ularly in the Garang Watershed.
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METHODS

Materials

The water samples at the Garang watershed
were collected at 10 locations across the four
Garang sub-watersheds — the Kripik, Kreo,
Garang upstream, and Garang downstream
sub-watersheds. Several parameters including
temperature, pH, turbidity, and DO were test-
ed based on these water samples, considering
these parameters represent river water quality
and require testing in real-time. Furthermore,
the BOD and COD are additional parameters
tested considering these parameters are gener-
ally contained in the wastewater from domes-
tic, industrial, and agricultural activities that
flow through the Garang Watershed (Sharma
et al., 2022).

Several supporting tools were used to
sample the water in the Garang watershed, in-
cluding the Global Positioning System (GPS)
which is used to determine the position of sam-
pling coordinates, a water sampler to assist
the water collection process, containers in the
form of sterile jerry cans with a volume of 1
liter equipped with labels as storage of water
samples for physical and chemical parameters,
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roll meters to measure the width and depth of
the river, and buckets to collect water from the
sources that are difficult to reach (Specht, 2020;
Tsuji et al., 2019). A cool box was additional-
ly used to store the samples to ensure that the
condition of the sample did not change. Several
parameter-measuring devices were provided to
directly measure certain parameters, including
a digital pH meter for measuring pH, a ther-
mometer for measuring temperature, a neph-
elometer for measuring water turbidity, and a
DO meter for measuring DO parameters (Ud-
din et al., 2021). In addition to these param-
eters, river flow velocity was measured using
a current meter (Pasika & Gandla, 2020). Sam-
pling was performed ten times with different
location coordinates, as presented in Table 1. A
total of five measurements were recorded five
times based on 10 sampling points.

In addition to water quality, discharge data
were also utilized, which was obtained based on
the rating curve. Water discharge is controlled
by the flow rate and cross-sectional area (Dong
et al., 2020). The rating curve demonstrates the
correlation between the flow rate and water level
(Xiang & Demir, 2020). The water discharge of
the Garang Watershed was, therefore, determined
at each water level interval.
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Figure 1. Sampling point location



Ecological Engineering & Environmental Technology 2024, 25(2), 1-16

Table 1. Sampling point location

No Sampling point Coordinate Description
. . 0441 N Point 1 is located in the Garang Sub-upperstream was
1 Egr':ta (;]ps;:]eam) located in Dusun 11701;2126498E chosen since there are still few activities along the
puyang ) river, hence no or minor pollution has occurred.
Point 2 is located in Suwaktu, Village 7°06'57 4" S Point 2 was chosen because of the presence of
2 Bandarjo, Sub-district West Ungaran, 110024,16 o E settlement activities around the location so that it is
Semarang Regency ' located in a location that has received sewage.
Point 3 is located on JI. Tanah Putin Il o0&’ " Point 3 was chosen because it has forest and
3 Pudakpayung, 7°05'04.6" S plantation land use mixed land use. At this point allows
Banyumanik District, Semarang City, 110°24’'14.6" E . . ’
for self purification
Central Java Central
Point 4 is located in JI. Gunungpati 7°04'43.6” S Point 4 was chosen because of the presence of
4 Raya, Gunung Pati District, Semarang 110022,2'1 »E settlement activities around the location therefore it is
City ’ located in a location that has received sewage.
. . . " ony » Point 5 was chosen because of the presence of
5 E?Jlr?ltjr? ISPI:(:t(i: ?:g(ias(:rzgtsgie(s:zjrgry '”gigt’e‘ 1170(322(?2.179"8'5 agricultural activities around the location therefore it is
9 ’ g Lty ’ located in a location that has received sewage.
Point 6 is located in Jombon, Medono 7°08'10.1” S Point 6 is located in the Garang Sub-upperstream was
6 Village, Boja sub-district, Kendal 110020,34 3 E choosen since there are still few activities along the
Regency ' river, hence no or minor pollution has occurred.
; |Pom7is ocaedinGunngpat | Togtaxs | ORLAve chosen becmee o prosence st
’ 9 ity ’ located in a location that has received sewage.
8 Point 8 is located in Sadeng, Gunung 7°01'50.4” S Point 8 was chosen because the location of the river
Pati District, Semarang City 110°21°32.8" E | after Jatibarang dam.
Point 9 is located in Tugu Suharto 0N’ » . L . .
! ) . 7°01°01.1” S Point 9 was chosen because it is meeting point
9 | Bridge, Bendan village, Gajahmungkur | 11505316 0" £ | between the Garang Hulu, Kreo River and Kripik River.
subdistrict, Semarang City
Point 10 (downstream) is located in 6°57'18.4" S Point 10 was chosen because is the downstream
10 | Yos Sudarso Bridge, North Semarang 110°23'53.7" E of the Garang watershed and the accumulation of
District, Semarang City ' pollutants that flow from upstream to downstream.

Analytical methods

SWMM is a software that is used to analyze
land use against the quality of the Garang Water-
shed, especially in terms of DO, BOD, and COD
(Hussain et al., 2022). Modeling simulation us-
ing SWMM generates tables and graphs of the
correlation between pollutant concentration and
water discharge in three different conditions,
such as existing conditions, maximum rain, and
minimum rain. Modeling with the SWMM begins
with the division of sub-catchments. The Garang
Watershed is divided into sub-catchments based
on the value of land development and the move-
ment of rainwater runoff. The division resulted in
ten sub-catchments, where each represented one
sampling point. A network model was created by
entering the hydrological and hydraulic data (An-
dimuthu et al., 2019). The sub-catchment data and
rain gauges were included in the new hydrologi-
cal datasets. The addition of rain gauges at certain
points as rainfall data in the form of intensity, vol-
ume, and time interval for one or sub-catchment
areas in the Garang Watershed. The hydraulic
data that must be provided comprises nodes in the
form of junctions and outfalls, as well as links in

the form of conduits. The junctions are intercon-
nected through conduits, where the flow moves
from a junction at a certain elevation to a junction
at a lower elevation. The entire network will en-
counter an outfall.

The Garang Watershed has different land use
types, which can affect the river quality consid-
ering they are related to the leaching of pollut-
ants on land use during wet weather events; they,
therefore, have various event mean concentration
(EMC) values (Wang et al., 2021). EMC is the
concentration of specific pollutants contained in
stormwater runoff resulting from a particular land
use type within the specific land use type within
the watershed (Puspita et al., 2023). EMC rep-
resents the average pollutant concentration for a
rainfall event. The EMC during sampling is the
ratio of the total pollutant mass to the total runoff
volume during an event (Perera, McGree, Ego-
dawatta, Jinadasa, & Goonetilleke, 2021).

Model evaluation was performed using
the root mean square error (RMSE) method as
a form of validation to measure the accuracy
level of the modeling work. RMSE is the most
frequently used model to measure the qual-
ity of alignment between existing data and the
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hypothesized model (Prasetyo et al., 2021). Ad-
ditionally, a water quality index calculation using
the method by the national sanitation foundation
(NSF-WQI) was used to analyze the quality of
the Garang Watershed. This method simplifies
the values of six measured parameters — temper-
ature, pH, turbidity, DO, BOD, and COD - into
a single rating that represents the overall water
quality (Wiranto, 2019).

A monitoring system integrated with sensors
was designed to monitor the water quality of the
Garang watershed in real time. The sensors re-
corded real-time temperature, pH, turbidity, and
DO measurements every 30 min. The data from
the sensors were recorded and processed using
an Arduino Leonardo microcontroller with Lat-
tePanda V1. These monitoring tools use the Inter-
net of Things (IoT) for data storage; water quality
data can, therefore, be retrieved in real time over
the Internet. The monitoring system was designed
for several nodes in a single area, where the sys-
tem was intended to accept data from several pre-
set river stations/locations. The primary frame-
work of the station nodes comprises sensor-node
modules, a master database, and a web server.
AutoCAD was used in the system design process
to construct the hardware and block diagram. The
water quality data from the monitoring system
were, however, compared with laboratory test re-
sults as a type of data calibration for the monitor-
ing system outcomes.

RESULT AND DISCUSSION

The planning area of the Garang Watershed
covers a total of 20,792.89 Ha covering four sub-
watersheds that are mostly comprised of dryland
forest, secondary plantation forest, plantation,
dryland agriculture, industry, settlement, open
land, mixed dryland agriculture, and reservoirs.
The differences in land-use patterns served as
the basis for partitioning the Garang Watershed
into 10 sub-catchments. Domestic, agricultural,
and industrial wastes are consequently the pri-
mary sources of wastewater flowing through the
Garang Watershed. The pollutant content of each
wastewater source differed significantly (Pan et
al., 2020). Domestic wastewater contains BOD
and COD with emission rates of 53 and 101.6
grams/capita per day, respectively. Agricultural
waste comprises only 70 g BOD per capita per

day. The amount of water discharged can, howev-
er, also affect temperature, pH, turbidity, and DO.

The water discharge flowing into the Garang
Watershed significantly fluctuated and was also af-
fected by weather variables. The discharge of each
sub-watershed from upstream to downstream was
found to be the highest. Among the 10 points of
water sampling locations, the maximum discharge
was located at point 8 precisely in the Kreo sub-
watershed, Gunung Pati District, Semarang City,
with a measured discharge of 18.76 m%/s.

The temperature of the Garang Watershed
demonstrated a tendency to be higher when the
discharge was higher. The entire watershed had a
temperature range of 20-32 °C. The temperature
rise may be affected by a variety of factors, in-
cluding height, time, air circulation, cloud cover,
and water flow. The increased temperature re-
duces the amount of oxygen dissolved in the wa-
ter. Similar to the temperature, the pH levels in
the Garang watershed were also relatively stable,
ranging from 7.1-8.8. The highest pH level was
located at point 10, where settlements dominated
land usage. The toxicity of a chemical molecule
may be affected by its pH value; as the pH in-
creases, it leads to higher alkalinity and lower
carbon dioxide. Meanwhile, the turbidity level
in the Garang Watershed was affected by the sur-
rounding land use. Turbidity levels are high in
the areas where the land is used for agriculture
(Tahiru et al., 2020). Farmers require the ground
devoid of grass and other plants; therefore, when
it rains, the empty gaps between plants are di-
rectly exposed to rain, resulting in erosion. The
eroded soil is carried by the surface flow into the
river, thereby increasing the turbidity of the water
(Maruffi et al., 2022). The highest turbidity in the
Garang watershed was found to be 838 NTU.

According to the water quality analysis of
the Garang watershed, the DO content in the
water decreased downstream of the river. The
land around the river is particularly used for
settlements and industries. Domestic waste dis-
charge caused by community activities results in
an increase in incoming organic matter, which
can lower DO concentrations. The lower the DO
content, the lower the river water quality. The
lowest DO level in the entire Garang watershed
was found to be 3 mg/L. This statistic falls short
of the quality guidelines that require a minimum
value of 6 mg/L. The DO concentration in the
water was aligned with the BOD and COD lev-
els. The high concentrations of BOD and COD
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in water indicate the amount of organic mat-
ter that can be biologically degraded and the
amount that is difficult to biologically degrade,
comprising dead animals, plants, and domestic
and industrial waste products (Suryawan et al.,
2021). The highest BOD and COD concentra-
tions in the Garang watershed were found to
be in the agricultural, settlement, and industrial
sectors. The water emissions generated from do-
mestic and commercial activities near the river
led to an influx of organic matter, thereby affect-
ing the concentrations of BOD and COD, thus
indicating a significant level of water pollution.
The highest levels of BOD and COD in the Ga-
rang watershed were found to be 10.34 mg/L and
103.6 mg/L, respectively.

Storm water management model

Water quality analysis commenced with the
creation of a channel model along the Garang
River watershed using the SWMM software.
As presented in Figure 1, the SWMM modeling
for analyzing water quality was developed by
generating 10 sub-catchments, 11 junctions, eight
land uses, three rain gauges, and pollutants such
as DO, BOD, and COD. The land use type has an
impact on river quality, considering it is related to

Table 2. Composite EMC value of each parameter

the leaching of pollutants during the rainy season
and has varied EMC values (Soltaninia, Taghavi,
Hosseini, Motamedvaziri, & Eslamian, 2023).
EMC represents the concentration of specific
pollutants in stormwater runoff from a particular
land-use type within a watershed (Yazdi et al.,
2021). This value is generated from the ratio of
pollutant mass to the total runoff volume (Perera
etal.,2021). Industrial and commercial land types
have a higher percentage of impervious surfaces,
allowing for the more effective transport of pol-
lutants and runoff (Ghazavi et al., 2020). Howev-
er, when open areas, forests, and land with dense
vegetation cover were used, the concentrations
of pollutants were found to be lower because of
the reduced impervious surface area (Kafy et al.,
2022). The EMC values for DO, BOD, and COD
in the Garang watershed were then calculated at
each location. The range of EMC values at each
time throughout the 2-month calculation was
found to be 3.66 mg/L — 6.23 mg/L for DO pa-
rameters, 1.88 mg/L — 8.52 mg/L for BOD, and
44.75 mg/L — 99.13 mg/L for COD. The interpre-
tation of the details is presented in Table 2.
Observation point 1 was located in the up-
per reaches of the Garang watershed, an area
dominated by forests. At this point, the DO con-
centrations from the SWMM modeling results

Titik Month DO BOD COoD
] 1 5.5 3.09 53.89
2 6.23 2.45 49.92

1 4.98 3.72 53.47

2 2 4.92 3 51.71
1 5.1 3.38 51.9

S 2 5.4 3.41 52.21
4 1 5.51 2.98 57.49
2 5.27 4.34 50.41

1 6.05 4.99 52.23

° 2 5.15 3.56 62.64
1 5.36 1.88 59.86

® 2 5.66 3.26 54.2
1 4.99 5.01 45.89

! 2 5.53 5.18 99.13
1 4.63 6.24 44.75

8 2 5.25 5.17 72.48
9 1 4.88 8.52 91.05
2 5.47 3.12 49.61

10 1 3.66 4.97 46.63
2 4.16 4.76 61.71
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ranged from 5.61 to 5.87 mg/L, which were not
significantly different from the DO observations
of 5.61 mg/L of 6.25 mg/L. The DO concentra-
tion at this point was quite high and increasing,
and was found to be affected by the type of land
use with little human activity. Rainfall also has an
impact on the DO levels in water. According to
previous research by Brontowiyono et al. (2022),
the presence of wastewater entering the river
may increase the aeration process by the increas-
ing river flow rate. Increased aeration increased
the DO levels. In terms of the BOD levels, the
concentration of 2.07 mg/L—4.76 mg/L is close
to the modeling results of 2.07 mg/L—2.99 mg/L
based on the observation results. The observed
COD levels demonstrated a tendency to increase
when there was a decrease in discharge under
field conditions, ranging from 47.79 mg/L—59.37
mg/L. However, in COD modeling, there was an
increase in the COD concentration considering
the simulated discharge tends to be stable within
a range of 50.1 mg/L—-52.46 mg/L.

Observation point 2 was located in an area that
had begun to be influenced by anthropogenic ac-
tivities considering it is dominated by settlements,
covering 54.16% of the total catchment area com-
prising 1511.03 Ha. The DO concentrations at
point 2 were lower than that at point 1. This was
influenced by the type of land in the area, domi-
nated by settlements. The runoff rate was, thus
high, which increases the pollutant leaching rate
from land to rivers (Muratoglu, 2020). Similarly,
the BOD and COD values at point 2 were higher
than those at point 1, considering the wastewater
input from residential areas greatly contributed to
the increase in BOD and COD.

Observation site 3 was located in an area where
34.60% of the total area was dominated by forests
and 65.29% more has been altered by anthropo-
genic activities — settlements and agriculture. The
SWMM DO concentrations demonstrated the re-
sults close to the observed DO values. Similarly,
the BOD and COD concentrations from the mod-
eling results were close to the field test values. The
BOD and COD values at point 3 were almost the
same as the BOD and COD values at point 2 con-
sidering both points comprised the same land use,
which is predominantly used for settlement. How-
ever, the wastewater input from the settlements
greatly contributed to the increases in BOD and
COD (Cicero Fernandez et al., 2019).

Observation point 4 was located where
50.58% of the total area was dominated by

plantations, and the rest was comprised of settle-
ment and agricultural activities. The modeled DO
and BOD concentrations were relatively similar at
this point. There were, however, instances when
the modeling results were lower than the observa-
tions. This is due to the difference in discharge
values because of the rain. This is supported by
a previous study that stated that the observation
model is related to rain. Rain can, therefore, lead
to differences in the values of the modeling re-
sults with existing conditions (Costabile et al.,
2020). In contrast, the modeled COD levels were
lower than the observed COD levels.

Observation point 5 was located in an area
where 63.02% of the total area was dominated by
agriculture, and the rest by settlements and plan-
tations. The modeled DO concentration showed
the results that were close to the observed DO
value. There was, however, a slight difference
owing to the differences in discharge values with
the existing conditions caused by rain. Similarly,
the modeled BOD was greater than the exist-
ing BOD, considering the former experienced a
small increase when the modeled discharge was
relatively stable, in contrast to the observed BOD,
which experienced a significant decrease due to
the dilution of pollutants caused by rain (Corsita,
2021). Meanwhile, there was a considerable dif-
ference between the modeled and observed COD
values. This is because the input COD concen-
tration at junction 5 of the model was considered
the average value of the COD observation for all
recorded times and not at a particular hour. The
modeled COD was, therefore, relatively stable.

Observation point 6 was located in an area
where 78.80% of the total area was dominated by
forests, and the rest was used for agricultural ac-
tivities. The modeled DO concentrations demon-
strated the results close to the observed DO values.
There was, however, a slight difference observed
between the modeled BOD and COD levels and
the existing conditions, which occurred because
of an increase in runoff from built-up land after
rainfall (Pal et al., 2023).

Observation point 7 was located in an area
dominated by agricultural land, plantations, for-
ests, and settlements. The results of the data in-
put for the inflow discharge (base flow) and base
concentration were correct, while the modeled
DO concentration demonstrated results close to
the observed DO value. The modeled BOD lev-
el, however, exhibited a larger value owing to
a small increase in the modeled BOD when the
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modeled discharge was relatively stable (Asgari
et al., 2020). On the other hand, the model dem-
onstrated good results for COD, because it had a
value that was close to the observed COD.

The land use around observation point 8 was
almost the same as that around point 7 — domi-
nated by agriculture, plantations, forests, and set-
tlements. At this point, the observation results of
DO were close to that of the DO model, whereas
there were still differences observed for BOD
and COD. This difference occurred because the
model BOD tended to increase when the model
discharge was relatively stable. In contrast, BOD
only increased when the existing water flow rate
increased in the test results (Ma et al., 2020).

Observation point 9 was located in an area
where 53.31% of the total area was dominated
by agriculture, and the rest by settlements and
plantations. The results of the DO modeling were
close to the conserved DO values. The modeling
results of the BOD and COD levels were, how-
ever, still very different from the observation re-
sults owing to the water flow. Previous research
has also shown that different water discharges in
the SWMM model with existing conditions due
to rain can affect the BOD and COD levels (Dwi
Sholehah et al., 2019).

Observation point 10 was located down-
stream of the Garang watershed, where 92.45%
of its total area was dominated by settlements,
whereas the rest comprised plantations and in-
dustrial areas. The input data for the base flow
and base concentration were correct in the model-
ing results. The results of DO, BOD, and COD
modeling were, therefore, close to the observa-
tions. There was, however, a slight difference in
that the result of the BOD model was higher than
the observation result. This condition developed
when the BOD value in the existing condition de-
creased as the discharge decreased, although the
modeled BOD value only decreased slightly.

The root mean square error (RMSE) ap-
proach was used to assess the findings of water
quality modeling with the SWMM simulation,
followed by the calculation of the NOF. The ac-
ceptable value range based on the NOF value cal-
culation is 0.0-1.0 (Hardyanti et al., 2023). On
the basis of the calculation of RMSE and NOF
from the results of water quality modeling for
DO, BOD, and COD parameters with SWMM at
the 10 sample point locations, most of the NOF
values were found to be below 1, indicating that
the model is acceptable. However, some results

demonstrated NOF values greater than 1, such as
at points 4 and 6 for BOD parameters, and points
8 and 10 for COD parameters.

Water quality index-national sanitation
foundation

The NSF-WQI method requires the iden-
tification of the state of the water quality of the
Garang watershed in each sub-catchment based
on the findings of water quality monitoring using
specific criteria. On the basis of the findings of
the analysis, a graph was created of the results of
the multiplication of the weight (Wi) of each pa-
rameter that affected the water quality status with
the quality index (Li) of the measurement results
plotted against the pollution index curve. The to-
tal of all parameter Wi x Li values generates the
value of the water quality status; the greater the
Wi x Li value, the higher the water quality status.

Sub-catchment 1, dominated by dryland for-
est, was mostly classified as “medium” with a
value range of 65.06-67.10; at certain times,
the water status at point 1 may be classified as
“good.” The improved water quality status was
attributed to the higher DO parameter values and
lower temperatures.

Sub-catchment 2, which includes the Bergas,
East Ungaran, and West Ungaran subdistricts,
has 54.16% of its land comprised of settlements,
with the rest used for plantations, forests, and
industries. Open spaces account for only 1.20%
of the total area. The land use in sub-catchment
2 resulted in a “medium” water quality index
in the area, with a value ranging from 64.73 to
56.54. The most dominant polluting parameters
were found to be temperature and turbidity in this
sub-catchment.

Point 3 represents the river flow output from
sub-catchment 3, comprising the Banyumanik
sub-district, Bandungan sub-district, West Unga-
ran sub-district, East Ungaran sub-district, Boja
sub-district, Gunugpati sub-district, Sumowono
sub-district, Bergas sub-district, and Limbangan
sub-district. There were considerable fluctuations
in the water quality at this point. The water qual-
ity rating at point 3, however, remained “medi-
um” after five sample periods with the range of
54.87-67.68. These changes may be attributed to
rainfall. The presence of rain causes an input of
contamination loads from agricultural and plan-
tation activities, considering that agriculture and
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plantations are also the dominant land uses in this
area besides settlements (Kondo et al., 2021).

Meanwhile, 50.58% of sub-catchment 4,
which includes Gunungpati and West Ungaran
subdistricts, is utilized for plantations, while
25.14% is used for settlement areas. Temperature
was found to be one of the most dominant param-
eters in this sub-catchment. Water temperature
also affects DO saturation—when the tempera-
ture is higher, the DO saturation concentration is
lower. Turbidity is a key characteristic the values
of which are heavily impacted by rain. Despite
this, the sub-catchment 4 water quality index was
found to be in the “medium” range.

Point 5 represents the river flow output from
sub-catchment 5, comprising numerous areas with
land use dominated by dryland agriculture and
settlements, accounting for 56.35% and 28.08%,
respectively. The accumulation of domestic and
agricultural waste, combined with the presence of
rain, has an impact on the water quality, result-
ing in a high turbidity level. As a result, the water
quality index status was considered “bad” during
rainy days, with the worst index value of 46.63.
Conversely, the best index value at this time was
65.5, classified as “medium.”

Sub-catchment 6 comprises numerous settle-
ments from the Boja subdistrict, with a total popu-
lation of 218. According to the NSF-WQI anal-
ysis, sub-catchment 5 had a water quality index
value ranging from 67.27 to 69.2. As a result, the
water quality status was categorized as “medium”.

Sub-catchment 7 had a total population of
12,726 and included the subdistricts of Mijen,
Boja, Limbangan, and West Ungaran. On the ba-
sis of the data analysis, temperature, and turbidity
were determined to be the most important charac-
teristics. Furthermore, rain increased the turbid-
ity levels, surpassing water quality limits. How-
ever, the water quality status at point 7 was rated
as “medium” at all sampling times, with values
ranging from 55.63 to 64.72.

Point 8 represents the river flow output from
sub-catchment 8, in which 412.52 ha (14.25%
of the land area) is used as a settlement, and the
rest is used for agriculture. From the calculation
results obtained, the water quality status at point
8 is classified as “medium,” with water quality
index values ranging from 54.91-67.3. The low-
est index value was obtained after rainfall, thus
increasing the turbidity of the water.

Point 9 is the river flow output from sub-
catchment 9. The most dominant pollutant pa-
rameters at point 9 were determined to be BOD,
turbidity, and temperature. In the calculation of
the water quality index, a low sub-index value in-
dicates high pollution of the water body. At this
point, turbidity was high owing to rain, exceeding
the quality standard. Similarly, the high concen-
tration of BOD exceeded the quality standards. A
high BOD concentration in water indicates a high
level of water pollution originating from organic
materials (Saadali et al., 2020). The organic mat-
ter content in water can originate from domestic
waste due to human activities, as well as from

75
70 Good
65 Point 1
> Point 2
L) Point 3
= —— Point 4
60 1 Point 5
Point 6
——Point 7
55 —— Point 8
—— Point 9
—— Point10
50 - \ Medium
45

T T
07:00 11:00

I I 1
15:00 08:00 1400

Time

Figure 2. Water quality index



Ecological Engineering & Environmental Technology 2024, 25(2), 1-16

agricultural and plantation waste. The water qual-
ity index value in sub-catchment 9 ranged from
61.89 to 65.01, the water quality status being
classified as “medium.”

The last sub-catchment, point 10, was com-
prised of plantations (4.44%) and industries
(3.11%). According to the analysis, the dominant
pollutants in sub-catchment 10 were determined
to be turbidity and BOD. A high BOD concentra-
tion was produced due to the waste from activities
along the Garang watershed. The location of sub-
catchment 10, which is downstream of the Ga-
rang Watershed, causes higher pollution pressure.
Nevertheless, the water quality index at point 10
was still classified as “moderate”, with values
ranging from 55.24-65.44.

On the basis of the results of the NSF-WQI
analysis of the 10 sub-catchments in the Garang
watershed, almost every point was classified in
the “medium” category overall. A summary of the
index value of the entire Garang watershed sub-
catchment is presented in Figure 2.

Model design of real time water quality
monitoring tool based on the Internet of Things
The Garang Watershed water-quality moni-

toring system was designed to measure four

Sensor Suhu

Aki 12V 20A Rechargeable

°

Sensor pH

Internet

A

Mikrokentroler
Sensor DO

A

Sensor Kekeruhan

=

Sensor TDS

Pl

Lattepanda V1

parameters — temperature, pH, turbidity, and DO.
The monitoring system was equipped with appro-
priate sensors that recorded quality data every 30
min using a microcontroller in the LattePanda V1
module for processing. Water quality data were
subsequently transmitted in real-time to websites
over the Internet (Huan et al., 2020). Users can
obtain the monitoring results in the form of graphs
and tables through the website, which can be ac-
cessed freely using mobile phones or computers.
A total of five sensors were used in planning
the design of the monitoring tool, including the
DS18B20 sensor, which was used to detect and
monitor the temperature of the water — the SKU
sensor SEN1283758, which detects and monitors
pH levels; the sensor SKU: SEN0237, which de-
tects and monitors DO levels in water; the sen-
sor SKU: SEN0244, which detects and monitors
the TDS levels; and the sensor SKU: SEN 0189,
which detects and monitors turbidity levels (Ajith
et al., 2020). The microcontroller processed and
sent data from the sensor to the master data over
the Internet (Perdana et al., 2020). As a power
source, the monitoring tool stores and supplies
electricity using a rechargeable battery with a
voltage of 12 volts and current strength of 20 A.

Website

Pembacaan Melalui HP / Komputer

Internet [~

a

Data Berupa Grafik dan Tabel

Figure 3. Diagram block online monitoring water quality system
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Table 3. Specifications of the tools used

Component Specification

LattePandaV1

- Intel Cherry Trial Z8350 Quad-Core Processor

- Base Frequency : 1.44GHz (1.92Hz Burst Frequency)

- Operating System : Windows 10 Home Edition

- RAM : 4GB DDR3L

- Storage Capacity : 64GB

- GPU : Intel HD Graphics, 12 EUs @200-500Mhz, single channel memory

- USB3.0x1,USB2.0x2

- Wi - Fi 802.11n 2.4G

- Bluetooth 4.0

- Intergrated Arduino Co-processor : ATmega32u4
(Arduino Leonardo)

- Video Output : HDMI and MIPI-DSI

- Onboard touch panel overlay connector

- Support 100Mbps Ethernet

- Intel Processor GPIO x 20

- Voltage : 5V @2A

- Board Dimension : 88 x 70 mm

- NET Weight : 559

- Gross Weight : 100g

Motorcycle accumulator 12V 20A
- Capacity : 20AH
- Dimension : 180 x 78 x 172 mm
- Terminal Size : D7Baterai SMT Power SMT1220 12V 20AH
- Technology : Sealed Acid
- Voltage : 12V
- Terminal Type : Deep Cycle Battery
- NET Weight : 7kg

DS18B20

- Supply Voltage : 3,3V to 5V
Temperature Sensor - Temperature Range = -55 °C — 125 °C
- Interface : Digital
- Size : 22 x 32 cm

pH Probe = SKU: 1283758
- Type : Industrial Grade
- Detection Range : 0 — 14
- Temperature Range : 0 — 60 °C
- Accuracy : + 0,1pH (25 °C)
- Response Time : < 1 min
- Probe Life : 7*24 hours > 0,5 years (depending on the
PH Sensor - frequency of use)
- Cable length : 500 cm
- Probe Connector : BNC
Signal Voltage
- Supply Voltage : 3.3 -5.5V
- Output Signal : 0 — 3V
- Signal Connector : PH2.0 — 3P.
- Dimension : 42 mm x 32 mm.

Dissolved Oxygen Probe = SKU : SEN0237
Type : Galvanic Probe

- Detection Range : 0 — 20 mg/I

- Temperature Range : 0 — 40 °C

- Response Time : Up to 98% full response

- Pressure Range : 0 — 50 PSI

- Electrode Service Life : 1 year (normal use)

- Maintenance Period : 1 -2 month (in muddy water); 4 -5
DO Sensor - month (in clean water).

- Cable length : 2 meters

- Probe Connector : BNC
Signal Voltage

- Operating Voltage : 3.3 -5.5V

- Output Signal : 0 -3V

- Cable Connector : BNC

- Signal Connector : Gravity Analog Interface (PH2.0 — 3P.

- Dimension : 42 mm x 32 mm.

Turbldlty Probe = SKU : SEN0189
Operating Voltage : 5V DC

- Operating Current : 40mA (MAX)

- Response Time : <500ms

- Insulation Resistance : 100M (Min)
Turbidity Sensor - Output Methode : Analog
- Analog Output : 0 — 4,5V
- Operating Temperature : 5°C — 90°C
- Storage Temperature : -10°C — 90°C
- Weight : 30g
- Adapter Domention : 38 mm x 28 mm x 10 mm

Microcontroller

Battery
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The water quality monitoring equipment
has an LCD screen that performs similarly to a
Windows 10 PC as well as an Arduino Leonardo
microcontroller, Wi-Fi, and display record. The
specifications used in the design of the monitor-
ing tools are listed in Table 3.

A water quality monitoring system can be ini-
tiated by connecting the battery through a power
socket; the microcontroller and LCD can, thus, be
turned on. Before testing, the sensor was first im-
mersed in water until it stabilized, and all the sen-
sor parameters were read (Trevathan et al., 2021).
By synchronizing the data to the Internet, the data
obtained by the sensor will automatically be re-
corded in the database (Al Rasyid et al., 2016).
Users will be able to obtain the water quality data
for the Garang River watershed via the website
after synchronizing with the Internet. Data read-
ings from the device sensors are obtained every 30
minutes and displayed on the website in the form
of graphs and tables that the user can download.
The website contains the results of water qual-
ity readings and monitoring in the Garang water-
shed. The website has two features — home and
acquisition logs. The home tool displays a graph
of water quality readings from numerous stations
at that time and from several locations, whereas

the acquisition log tool includes a data display in a
tabular form that users can download.
Furthermore, data calibration was performed
by comparing the measurement results of the
pH and temperature sensors with those of pH
standard solutions and thermometers to validate
the data measured by the real-time water qual-
ity monitoring device (Burns et al., 2005). Data
calibration aims to determine the error of a real-
time water quality monitoring sensor (Pasika &
Gandla, 2020). The percentage of error value is
calculated during this calibration, which is the
result of the difference between sensor readings
and actual conditions compared with the number
of trials (Wu et al., 2020). The pH sensor was
calibrated by reading the pH value using standard
solutions of pH 4, 7, and 9, and comparing the
results with those of the pH sensor. The percent-
age errors for pH 4, 7, and 9 were found to be
0.16, 5.95, and 9.86%, respectively. The tem-
perature sensor was calibrated in the laboratory
by comparing the temperature measurements of
the sensor device with those of a thermometer.
A total of three water temperatures were used
in this study — cold, standard, and hot. The per-
centage error value of the cold temperature read-
ing was 0.64%, whereas the normal temperature

Figure 4. Front display of water quality monitoring device
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sensor demonstrated an error percentage of 0.72%
and that of the hot temperature was 1.73%.

There are several factors to consider in the op-
eration and maintenance of real-time water qual-
ity monitoring devices based on the [oT system,
particularly in monitoring temperature, pH, tur-
bidity, and DO parameters, among others. Ultra-
sonic sensors may be employed for cleaning sen-
sors, microcontrollers should be included in a box
containing silica gel to maintain humidity, and
direct sunlight should be avoided when operating
the tool, considering excessive heat may harm its
operation (Swamy & Kota, 2020). Furthermore,
the DO sensor must be provided with a solution of
NaOH when it is initially used to allow it to read
the DO value of water (Akhter, Siddiquei, Alahi,
Jayasundera, & Mukhopadhyay, 2021).

Several factors determine the position of
real-time water quality monitoring equipment in
the Garang watershed (Ramadhan et al., 2020).
Several factors that determine system placement
include the locations with a water quality status
that changes significantly when sampling before
and after rainfall, sites with river physical quali-
ties that are not rocky, and locations that are eas-
ily accessible, allowing operators to monitor and
maintain the tool more easily (Salam et al., 2019).

Cost budget plan

Designing a real-time water quality monitor-
ing system for the Garang watershed based on
the Internet of Things is not just a matter of de-
sign; a budget plan is also required to meet the
costs associated with the monitoring instrument
(Campisi et al., 2020). A budget of Rp 21.760.500
was required as per the results of the cost calcu-
lation. This includes all the required tools, such
as sensors, batteries, cables, SIM cards, websites,
and support services for system assembly and
installation.

CONCLUSIONS

The changes in land use in each sub-catch-
ment demonstrated a significant impact on the
quality of water flowing into the Garang water-
shed. Settlements account for 32.31% of the land
use, while agriculture accounts for approximate-
ly 25.25% of the total catchment area. Domestic
and agricultural activities lead to significantly
high concentrations of BOD and COD caused

by the presence of organic matter entering rivers
via surface flow.

As per the results of the SWMM modeling,
most of them showed that the model concentra-
tion value of each parameter at each observation
point demonstrates an acceptable model value,
although the BOD and COD parameters were de-
clared invalid at points 4, 6, 8, and 10 considering
the NOF value was greater than 1. Meanwhile,
the range of EMC values in the Garang watershed
was 3.66 mg/L.—-6.23 mg/L for DO, 1.88 mg/L—
8.52 mg/L for BOD, and 44.75 mg/L—99.13 mg/L
for COD. On the other hand, the results of the
WQI analysis suggest that the water quality status
of the Garang watershed is “medium” at nearly all
location points. However, during a certain time,
point 1 demonstrated “good” status, while point 5
was noted to be in “bad” condition.

The designed real-time water quality sen-
sor tool successfully transmitted water quality
data online and in real-time. Temperature, pH,
turbidity, and DO were the parameters used to
monitor the water quality. The data were trans-
ferred to a database using an Arduino Leon-
ardo microcontroller and LattePanda V1. The
website allows users to access real-time water-
quality data via computers or mobile water
devices. This real-time water quality monitor-
ing equipment offers a variable percentage er-
ror value, with the pH sensor ranging between
0.16% and 9.86% and the temperature sensor
ranging between 0.64% and 1.72%.
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