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Abstract: Water quality and fish health are two important
interrelated aspects of the pond ecosystem, in areas adjacent to
wastewater treatment sources. In this study, the observed water
quality parameters were pH, temperature, and electricity
conductivity (EC) measured periodically. Meanwhile, fish health
was assessed based on visual indicators of fish morphometry and
histology. Data obtained from sensors and observations were
collected and processed through a web-based system that can be
accessed real-time by users. Water quality observations of the
Chemistry and Physics Departments ponds were carried out for 1
month, with data collection in 1 week carried out 3 times. While
observations for fish health were made within a span of 1 month.
Data observation parameters of temperature, pH and EC for pond
water of the Department of Chemistry and Physics, the average
temperature is 30 °C, the pH in the chemistry pond has an acidic
pH and the pH in the Physics pond has an alkaline pH. While the
average EC value in the Chemistry and Physics ponds were 2.5273
and 2.5218 pS/cm respectively. The results of fish histology slide,
including gills, liver and kidneys, showed some damage to these
organs in both ponds in the Department of Physics and Chemistry,
characterized by organ deformities compared to the control pond.
The tissue damage in those organs might be due to the content of
heavy metal or pollutants above the normal standard from the
Wastewater Treatment Plant - Faculty of Science and Data
Analysis, Institut Teknologi Sepuluh Nopember (IPAL FSAD).

Keywords: aquatic ecosystem, fish histology, water quality, web-
based.

1. Introduction

Wastewater Treatment Plant (WWTP) is one of the
commonly used solutions to process waste before it is released
into the environment. The current WWTP is located between
the Chemistry and Physics Departments of the Faculty of
Science and Data Analytics (FSAD). Although the WWTP aims
to reduce the negative impact of effluents, some potential
environmental issues could still arise, especially if the WWTP
is not functioning properly or the effluents exceed its capacity.
One important aspect to consider is the impact of the WWTP
effluent on the water quality in the surrounding environment,
especially if there are fish in the pond. The water quality and
health of the fish in the ponds around the WWTP are important
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indicators of the condition of the aquatic environment. If the
fish show symptoms of illness or stress, this could be a sign of
water quality problems or pollution.

Currently, the commonly used monitoring methods for water
and fish quality measurements are direct observation and
laboratory testing, however, this approach is time-consuming,
difficult, and must be carried out continuously, hence the need
to develop more efficient monitoring methods that can be
accessed in real-time. In today's digital era, information and
communication technology offers great potential to improve
environmental monitoring by utilizing a web-based system,
information about fish health can be accessed directly from the
pond. This is very helpful for monitoring fish health and water
quality more efficiently and responding to changing conditions
quickly.

Water quality can be monitored using sensors as supporting
components during monitoring that are connected to the
internet so that they can be read in real time. Therefore, this
research aims to develop a web-based system to monitor fish
health indicators and water quality in ponds around WWTPs
that have never been studied and done before. By
PERMENKES RI, the parameters studied include temperature,
acidity (pH), electricity conductivity (EC) related to the amount
of dissolved ion content in pond water, and the web as an
interface. Through this approach, it is expected that monitoring
of fish health and water quality can be carried out more
efficiently and effectively, thus assisting in the sustainable
management of the aquatic environment in the FSAD
environment.

2. Material and Methods

A. Materials

The equipment used in this research are a set of glassware,
pve pipe, net, pH meter sensor, temperature sensor, electric
conductivity sensor, water pumps, water hose, aquarium, a
wooden boat, a surgical board, a dissecting set, batere, remote
control, rotary microtome, microtome blade, brushes, object
glass, staining jars, cover glass, water bath, oven, hot plate,
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microscope and optilab. While the materials used are buffer
solution, formalin solution, tilapia fishes, Haematoxylin-Eosin
staining chemicals, alcohol series solutions, paraffin, xylol
solution, entellan, glycerine-albumin solution, aquadest, and
standard solutions.

B. Methods
1) Tilapia Rearing, Sampling, and Making Histological
Preparate

A number of tilapias were first conditioned in the control
aquarium for one week before being moved to the physics
department pond and chemistry department pond. The fish
sampled were uniform in weight and length. After 1 week, a
number of fish were transferred to the two ponds with a total of
15 fish each, and left for one month, and also for normal control
fishes still at the aquarium. In both ponds, the fishes used as the
object of research were placed in a box made of PVC pipes
covered, dimensions (60x60x100) cm? substitute of aquariums,
which are covered with nets and labelled to avoid misidentify.
The size of the fishes refers to the standard size for tilapia
cultivation, and each habitat contains 10 - 15 fishes.

Fig. 1. Fishes rearing
(a. Net; b. Water pump; c. PVC pipe)

After one month, the fishes were taken to make histology
preparate of the gill, kidney and liver organs using the paraffin
method. Fish were placed on the surgical table, cut lengthwise
and each 2 cm of gill, kidney and liver organs were taken and
immersed in 0.89% physiological saline solution then fixed in
the buffer formalin. Each organ was cut into 0.3 cm pieces and
soaked with 70% alcohol.

To make histology preparate, there are some procedures that
must be carried out. First, dehydration process was carried out
by entering the samples into alcohol series solution, then the
clearing process by inserting the samples into xylol series
solutions. Then the paraffin infiltration process was carried out
in the oven, then the embedding is taken place by making
paraffin blocks, which is the samples were embedded into
paraffin using cassette until harden. After hardening, the sample
was cut transversely and longitudinally using a microtome with
a thickness of 6 um, the results of the incision were attached to
a cover glass that had been given glycerine-albumin
Furthermore, the staining process was carried out using
Haematoxylin-Eosin. The last process is mounting, which is
closing the cover glass that is glued with entellan [a].

Then the preparates were observed under a microscope and
after the tissue is clear, microscopic photos are made using
optilab.

2) Water Quality Measurement
Water monitoring devices are essential tools used to assess
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and manage water quality in various environments, including
natural water bodies, municipal water supplies, industrial
applications, also wastewater treatment plant. These devices
can measure a range of parameters to ensure that water meets
safety and quality standards [b]. The wooden board is modified
with several sensors to measure the water quality in the pond
around the chemical department wastewater treatment plant,
then connected to the web and IoT |wusing the
ESP32microcontroller, so that it can generate data in real time.
There are sensors that installed in the wooden board, such as
temperature sensor, electric conductivity sensor, and pH sensor.

Fig. 2. Fishes histological preparator’s procedures

The Power of Hydrogen (pH) sensor is a sensor used to
measure a degree of acidity in a liquid. This tool has a range of
0-14, where for a neutral pH value has a value of 6.5 to 7.5 when
less than 6.5 the liquid is said to be acidic and or more than 7.5
then the liquid is worth alkaline [c]. Temperature sensors are
essential for monitoring water quality because temperature
influences chemical and biological processes in aquatic
environments. They help detect changes in water temperature,
which can indicate potential issues such as thermal pollution or
the mixing of different water layers. Electric conductivity
sensors measure the ability of water to conduct electricity,
which correlates with the concentration of dissolved ions (salts)
in the water. High conductivity levels can indicate pollution or
high salinity levels [d].

Fig. 3. Water monitoring device’s diagram

The figure 3 above the communication in the wooden boat.
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The three sensors are connected to a ESP32 microcontroller,
that has high performance capabilities with a compact form and
wi-fi connectivity. The wi-fi feature will be used to send the
data read by the microcontroller to the cloud real time database
so that the data can be accessed in real-time from anywhere. To
supply power to the microcontroller, a Lithium Polymer 4S
battery is used which is converted with a step-down buck
converter so that the voltage received by the ESP32 can be
stabilized at 5 Volts. This power is also later used by each
sensor. The 4S battery is used because it is suitable for
supplying power to the electric motor used to move the wooden
boat so that the water monitoring point can be reached easily.
Power from the battery is channelled first to the ESC
(Electronic Speed Controller) which functions as a motor speed
regulator by receiving a signal from the remote controller
receiver. The wooden boat use a servo to move the rudder which
functions to change the direction while operating in the water.
Figure 4 of the system design below shows the inputs
contained in the system are the EC sensor, pH sensor, and
tempera sensor, then connected to the microcontroller to
process data from the three sensors used. Then the output of the
system will be displayed on the website through a cloud system
using a laptop or mobile phone that has been connected to the

internet.
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Fig. 4. Water monitoring device’s design

3) Test Procedure

The procedure of the Water Monitoring System was
conducted by placing it into ponds. There are several steps to
use and connect it to the web system. The following is a
flowchart test procedure:

3. Results and Discussion

The picture below is, the result of designing the water
monitoring device using a wooden boat device equipped with a
microcontroller, temperature sensor, pH sensor, and EDC
sensor.

Web Display Results using Blynk IoT Software. The web
displays a value or result from the measurement of the sensors
used, temperature sensor, pH sensor, and EDC sensor. This web
is still shortcomings where the website cannot save data that has
previously appeared, so the data will repeat back to the
beginning and cannot see data that has previously appeared
first.
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A. Wastewater Treatment Plant (WWTP) Observations

The measurement of water quality indicators in ponds around
the ITS Faculty of Science and Data Analytics Wastewater
Treatment Plant (FSAD WWTP) was carried out in an
integrated equipment with a web-based platform. This system
allows real-time monitoring of pond water quality. The main
parameters measured include pH, temperature, and electrical
conductivity (EC), that are closely related to the balance of the
pond ecosystem and as an indicator of water quality. This
observation uses sensors installed in the wooden boat with
remote control integrated with the web.

Connect to hotspot/WIFI
v

Turn on the remote control

Put it on the pond

v

Open the link blynk and sig in

v

Sensors detect object

v

The website shown the
measurement from sensors

Fig. 6. Water monitoring’s wooden boat
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Fig. 7. Web display

Table 1
Observation data in chemical’s pond and physics’ pond

No. Chemical’s Pond Physics’ Pond
Temp. pH EC Temp. pH EC

1 31,88 6,8 2,484 31,44 8,11 2,464
2 31,81 6,81 2,466 31,56 822 2474
3 31,56 6,69 2452 31,56 8,24 2,476
4 31,94 6,609 2,468 31,56 8,28 2474
5 32,06 6,74 2,494 31,44 8,32 2,464
6 32,12 6,72 2,386 31,31 8,07 2,458
7 32,88 6,33 2,598 31,12 8,01 2,454
8 32,81 6,29 2,588 3244 8,2 2,540
9 32,88 6,31 2,606 32,38 7,46 2,542
10 34,88 7,07 2,628 3531 8,02 2,632
11 30,81 6,96 2,578 3532 8,01 2,630
12 30,88 6,99 2,58 31,25 742 2,654

From data’s above shows that the pH, temperature and EC
can be explained as follows:

1) pH’s Water

The measurement results show that the pond in front of the
Chemistry Department has an acidic pH, while the pond in front
of the Physics Department has an alkaline pH. This difference
in pH has the potential to affect the health conditions of the fish
in each pond. The acidic pH in the Chemistry Pond may be
caused by the flow of wastewater or the content of organic
substances undergoing decomposition, which usually increases
the acidity of the water. In contrast, the alkaline pH in the
Physics Pond may be caused by natural chemical processes or
exposure to alkaline compounds that may be present in the
environment surrounding the FSAD WWTP. These non-neutral
pH conditions can impact fish stress levels, affect respiration,
as well as ionic balance in the fish body.
2) Temperature’s Water

The average temperature measured in both ponds was 30°C.
This temperature is within the tolerance range of most fish
species, although too high a temperature can increase the
oxygen demand of the fish while reducing the dissolved oxygen
levels in the water. This is important to consider in pond
management, especially around sewage treatment areas that
have the potential to increase the thermal load on aquatic
ecosystems.
3) Electrical Conductivity (EC)’s Water

The average EC values in the Chemical and Physical ponds
were 2.5273 and 2.5218 pS/cm, respectively. These values
indicate a high content of dissolved ions in the pond water,
which may come from sewage or other solutes. High
conductivity can have an impact on fish physiological stress, as
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it indicates high concentrations of potentially toxic minerals or
solutes. Under optimal conditions, EC values should be within
a range that does not cause discomfort to fish, so adjustments
need to be made to the ponds if these EC levels continue to
increase.

Research shows that the difference in water quality in the
Chemistry’s Department Pond and the Physics’ Department
Pond have a significant impact on the ecosystem conditions of
each pond. Fish health is affected by these environmental
parameters, especially pH and EC which can disrupt biological
balance and cause stress.

B. Fish’s Histological Preparate Observation

Tilapia (Oreochromis niloticus) were used in this research;
this tilapia has good resilience but is still affected by the quality
of the pond water. Tilapia’s health in freshwater can be affected
by various factors such as poor water quality, excessive
population density, lack of nutrients that can inhibit growth, and
risk from organic and inorganic waste contamination. Before
the tilapia fish are placed in a large pond, they were first placed
in the aquarium for 1 week to make fish adapt to the
environment, slowly adjusting the temperature and water
quality which may be different from the pond conditions and
also reduce stress. Then fishes were released in the 2 ponds but
in a special place to make it easy when the sampling time came.

Fig. 8. Fishes rearing
(a. Aquarium; b. Chemical Pond; c. Physic Pond)

After a month, the fishes were taken from the ponds and
process for histological preparate. Below are the following
procedures from sampling, sectioning, making preparate,
observing it using microscope and identify the damages to
organs such as gill, liver and gill from fish.

Preparate that have been prepared observed by using
Olympus CX 21 microscope with magnifications varying from
objective 4x, 10x. and 40x.

1) Fish Gills

Changes that occur in the aquatic environment directly or
indirectly will affect the structure and function of the gills.
Histopathological changes that are commonly found in the gills
are edema (cell swelling), hyperplasia, epithelial detachment
from the underlying tissue, fusion (fusion) of lamellae
secondary to the underneath, fusion of secondary lamellae due
to hyperplasia of the gill epithelium, loss of secondary lamellar
structure, and loss of secondary lamellar structure. (Saputra et
al., 2013).
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Fig. 9. Fishes’ histological procedures
(a. Dissecting fish; b. Organ sampling; c. Fixation process; d. Dehydration
and clearing; e. Paraffin infiltration; f. Paraffin block
g. Sectioning; h. Staining procedures; i. Mounting with entellan;
j- Observing with photomicroscope)

Fig. 10. Fish gills histolégy (10x magnification)
a. Control fish, b. Fish in chemical pond, C. fish in physical pond

Figure 10 shows there are differences in the lamella area both
primary and secondary, fish lamellae in the pond of the
Department of Chemistry and Physics are degraded due to the
pH condition of the pond is not neutral, the possibility of
pollutants in the pond so as to cause the gills in fish damaged
by disrupting the primary and secondary lamellar tissue
resulting in hyperplasia (Lu et al, 1995).

2) Fish Liver

The liver functions as a metabolic center and plays a role in
the detoxification process, storage of nutrients and reproduction
of various enzymes and hormones that support fish survival.
The fish liver consists of hepatocyte tissue that functions for
detoxification of toxins, metabolism, and bile production. The
sinusoidal blood vessels present between the hepatocytes allow
for the transportation of nutrients and the removal of waste
substances. Kupffer cells help maintain the immune system by
capturing foreign particles in the blood. The bile ducts channel
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bile produced by hepatocytes to support the digestive process.
These structures allow the liver to fulfill its role as a vital organ
in the fish body.

e A7 ol ;
Fig. 11. Fish liver histology (Magnification 40 x)
a. Control fish, b Chemical Pond fish, c. Physics Pond fish

Figure 11 shows that the liver of the control fish is different
from the liver of the fish in the chemical and physical ponds. in
the chemical ponds it is suspected that the toxic substances that
enter in large quantities are visible from the picture
degenerating, cells losing the normal structure of the cell due to
influences from within or from outside the cell. Cell
degeneration is characterized by metabolic disturbances. This
causes the accumulation of materials intracellularly and
extracellularly which then leads to cell death and is a sign of the
start of cell damage due to the presence of toxins (Fahrimal et
al., 2016). The resulting toxic response will be greater along
with the higher concentration of a compound that enters the
body. whereas in the Physics pool the toxic substance that
enters the body is relatively small and the liver detoxification
function is good, so it does not experience damage.

3) Fish Kidney

The kidney in fish is the main organ in the excretory and
osmoregulatory systems. The structure of the fish kidney
usually extends parallel to the backbone. Its functions include
regulation of ion and water balance (osmoregulation) and
excretion of nitrogenous waste in the form of ammonia (in
freshwater fish) or urea (in certain fish).

Pxm,

. e o 2 IS < =
Fig. 12. Fish kidney histology (Magnification 40 x)
a. Control fish, b. Chemical Pond fish, c. Physical Pond fish

Figure 12 shows that there is histopathological damage to the
kidneys of fish in chemical and physical ponds in the form of
necrosis (cell death) of tubular cells. This damage is caused by
the blockage of toxic compounds in the cells. Necrosis can be
caused by trauma, biological agents (viruses, bacteria, fungi,
and parasites), chemical agents such as toxic substances or
interference with blood supply. Necrosis is the death of cells or
tissues of living things and is the final stage of degeneration that
is irreversible (Ersa, 2008). The same opinion stated by
Takasima and Hibiya (1995) necrosis describes the state of
decreased tissue activity characterized by the loss of some parts
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of the cell one after another from one tissue, which is
histopathologically characterized by the appearance of cell
boundaries and cell nuclei unclear or even disappear. According
to Setyowati, et al (2010), the presence of toxic substances in
the fish body can affect the histological structure of the fish
kidney, cell instability in pumping sodium ions out of the cell
causes increased fluid from outside the cell to enter the cell so
that the cell is unable to pump enough sodium ions and cause
the cell to swell and lose membrane integrity, so that the cell
will release cell material out, then necrosis occurs and causes
irregular cells and even lysis.

4. Conclusion

Based on the observation data of temperature, pH and EC
parameters for chemical and physical pool water, the average
temperature is 30 °C, the pH in the chemical department pool
has an acidic pH and the pH in the Physics department pool has
an alkaline pH. While the average EC value in the Chemistry
and Physics ponds are 2.5273 and 2.5218 pS/cm respectively.
As for the observation of fish histology which includes gills,
liver and kidneys, there is damage to these organs in both the
Chemistry and Physics department ponds. This is suspected to
be the presence of pollutants from the FSAD WWTP that are
toxic in both ponds.
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