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Abstract - Mushroom production in mushroom processing 

factories produces waste from composting, where the media used 

include water to maintain humidity and chemical/organic 

fertilizers. The water used for mushroom cultivation contains 

hazardous substances, which if dissolved and flow into drains, 

water sources, or community irrigation, can cause several 

problems, producing liquid pollutants. The main objective and 

contribution of this research is to develop and implement a liquid 

pollutant monitoring system in liquid waste from mushroom 

factories based on Arduino with the integration of four sensor 

parameters. The 4D method used includes the stages of definition, 

design, development, and implementation. development of tools 

in the form of prototypes that are ready for implementation in the 

field. The results of the feasibility analysis with 20 samples have a 

percentage above 80% in the good category and are suitable for 

use. The results of implementation in the field by taking 20 

samples with a distance range of 0-150 m from the mushroom 

waste site, namely Temperature and pH also tend to be stable 

without significant changes. The pH value tends to be stable in the 

neutral range of 7.2–7.3, which is generally still suitable for 

supporting the survival of aquatic organisms. Dissolved oxygen 

(DO) levels in the water were generally low, ranging from 2.46 to 

3.01 mg/L, which is already below the standard for good water 

quality (generally >5 mg/L). Meanwhile, turbidity parameters 

indicated the presence of pollution, characterized by very high 

turbidity reaching 300 NTU. Then showed a drastic decrease 

from very high conditions at the beginning (300 NTU) to near zero 

after a longer distance, indicating an effective natural 

sedimentation process in improving water clarity. 

Keywords — Liquid Pollutant, Pollutant Monitoring System, 

Arduino UNO, Mushroom Factory, 4 Parameter Sensors. 

I. Introduction 

Mushroom production carried out by industries, both large and 

small scale, usually uses Sengon wood sawdust as a growing 

medium. Sawdust is one of the substrates that meets the 

nutritional needs of mushrooms, one of which is sengon wood 

sawdust  [1]. Agricultural waste that can be used as a substrate 

for growing button mushrooms includes corn cobs, bagasse, 

and straw [2]. Button mushrooms are made by composting 

corn cobs, bagasse, and straw. Composting begins by breaking 

down the organic material and then watering it with water, 

followed by sterilization and inoculation, [3]. During 

composting, microorganisms such as bacteria and fungi 

decompose the organic matter in the compost [4]. The 

decomposition process produces various organic and inorganic 

compounds from chemical fertilizers, including strong-

smelling gases such as ammonia, sulfur, and organic acids  [5]. 

In addition, the process also releases dyes and solid particles 

into the water. The accumulation of these compounds causes 

the water used for irrigation to turn into cloudy and highly 

pungent waste, which can pollute the surrounding environment 

if not managed properly. 

Based on a review of several previous studies, it can be seen 

that the development of wastewater monitoring systems has 

been quite extensive, but each study still has certain limitations. 

The study conducted in system monitoring waste water only 

used pH and temperature sensors to design a control and 

monitoring prototype for wastewater processed into biogas [6]. 

The focus of the study was directed more towards palm oil 

industry wastewater, thus not addressing other aspects such as 

dissolved oxygen levels and turbidity levels. This resulted in the 

resulting information being less comprehensive in describing 

the overall quality of the wastewater. Another study analyzed 

the quality of hospital wastewater in the Brang Biji River, 

Sumbawa, using parameters such as temperature, pH, TDS, and 

TSS. This research yielded a picture of the water quality, but 

did not yet provide a technological solution in the form of a 

monitoring device [7]. Further research is underway on the 

development of a website-based wastewater monitoring system 

for the palm oil industry. This research is quite innovative, 

integrating it with an online system. However, the parameters 

used are still limited to turbidity and pH sensors, as well as palm 

oil wastewater sensors [8]. Further research conducted in the 

tofu industry in Purbalingga resulted in an Internet of Things 

(IoT)-based prototype with turbidity, pH, and temperature 

sensors [9]. This research utilized IoT technology to facilitate 

remote monitoring, but still left limitations in terms of 

measurement parameters. One major weakness was the lack of 

a dissolved oxygen (DO) sensor, even though this parameter is 

crucial for measuring the impact of liquid waste on the 

environment. 

The research gap identified in the review above, as the main 

contribution of this study, lies in the development of a Pollutant 

Monitoring System specifically designed for mushroom factory 

wastewater. This study presents a more comprehensive 
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approach by integrating four key sensors: DS18B20 

temperature, pH, dissolved oxygen (DO), and turbidity. This 

combination of sensors enables the system to generate more 

comprehensive waste quality data, thus providing a complete 

picture of the potential environmental pollution. The 

combination of these parameters allows the system to provide 

more comprehensive information on wastewater conditions, 

particularly in the context of the understudied mushroom 

industry [10]. 

II. Research Method 

The research method uses research and development with 

Thiagarajan's 4D stages [16], namely define, design, 

development, & disseminate, which are modified according to 

needs as in Fig. 1. 

A. Define Stages 

The process of analyzing the problem is that in, Paguyangan 

District, there is a mushroom factory whose liquid waste 

sometimes flows into the waterways. Research has 

investigated the negative impacts of mushroom waste 

pollutants, which are very dangerous if they flow into fields, 

are ingested by livestock, or reach residential areas [11]. An 

analysis of local residents' needs, based on observations, 

revealed that they lack knowledge and understanding of the 

impacts of this waste. After obtaining information on the 

negative impacts of mushroom waste pollutants, the next step 

was to determine several components that can detect pollutants 

in mushroom waste. This will allow for a more structured tool 

design based on the theoretical foundation presented. 

B. Design 

After determining the objectives and the prototype/tool to be 

built, the prototype/tool design stage is carried out. The sensors, 

microcontroller, and other tool components are determined to 

ensure efficiency and effectiveness during use. Next, the circuit 

schematic is designed, as shown in Fig. 2 below. 

Figure 2 shows a circuit simulation of the application to adjust 

the tools and programming language to be used. These 

adjustments include four sensors: oxygen, turbidity, 

temperature, and pH meters. 

 

Figure 2. Wiring Diagram 

 

Figure 1. Research Stages 
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C. Develop 

The development process is carried out by fulfilling the tools 

and materials in making prototypes/tools. The main tools and 

materials needed are according to their function according to 

the following table 1. 
Table 1. Experimental equipment and materials requirements 

Sensor Specification Function 

Dissolved 

Oxygen 

Sensor 

Dissolved oxygen (DO) 

measurement range 0-20 

mg/L and saturation  -

100% Input voltage; 5v-

12v [12]  

To measure the 

concentration of 

dissolved oxygen in 

water  

Turbidity 

Sensor 

Measurement range: 0-

400 NTU Input voltage: 

5V-12V (20V) [13] 

To measure the 

turbidity level of water  

DS18B20 

Temperature 

Sensor 

Measurement Range: 

55°C - +125°C 

Accuracy: ±0.5°C From 

-10°C to +125°C 

Voltage Input: Internal 

[14] 

To measure the 

temperature of water  

pH Meter Range; 0-14 pH 

Accuracy; ± 0.1 pH 

Voltage; 5v-12v [15] 

To determine the 

degree of acidity  

Arduino Uno; Input voltage 3v-

12v 

Microcontroller 

LCD I2C 16X2Inpt voltage; 

3v-12v 

As an indicator / 

output 

 

Then adjust the block diagram for development and 

programming needs in the Arduino IDE. 

 

Figure 3. Block Diagram 

As shown in Fig. 3 above, the installed sensors will operate 

according to their respective specifications. They will detect 

the contents of the mushroom processing plant waste and 

convert the input into a digital signal that is directly connected 

to the Arduino. The digital data received by the Arduino will 

then be processed into data displayed on the LCD screen. 

D. Disseminate 

After the development phase reaches testing, the 

prototype/tool is packaged in a compatible manner for 

implementation. The prototype is then disseminated to the 

Paguyangan District community using the following process. 

The first test was carried out on a laboratory scale by taking 20 

samples from the same water source and then comparing them 

with a standardized measuring instrument. Then, 20 samples 

were taken in the field starting from the waste storage tank to 

the drainage channel as far as 150 m. Providing a response 

questionnaire to the Paguyangan District community regarding 

the usefulness/feasibility of the prototype or tool being 

developed and providing input regarding research development 

activities. 

Field data collection location at PT Jamur Etira, Pandansari 

Village, Paguyangan District, Brebes Regency, Central Java. 

E. Data Analysis Methods 

Expert validation and community response using data 

collection methods through assessment questionnaires with a 

Likert scale of 1-5 (5 = Very Good, 4 = Good, 3 = Fair, 2 = 

Average, & 1 = Poor). The assessment criteria are: Utility, 

Beneficial for the environment and society, Ease of use, 

Practicality of the product, Reliability, Interesting features, 

Accuracy, and Durability [16]. Next, it is analyzed according to 

Eq. (1) [17]. 

%𝑁 =
∑ 𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡 𝑆𝑐𝑜𝑟𝑒

∑ 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒
× 100%           (1) 

Next, component testing analysis and application of measuring 

tools are carried out through accuracy/error value analysis. To 

obtain a suitable prototype, namely having a small error value 

or high accuracy through Eq. (2) and Eq. (3) below . 

%𝐸𝑟𝑟𝑜𝑟 =
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡 𝑅𝑒𝑠𝑢𝑙𝑡 − 𝐶𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑉𝑎𝑙𝑢𝑒

𝐶𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑉𝑎𝑙𝑢𝑒
× 100%    (2) 

%𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = 100% − %𝐸𝑟𝑟𝑜𝑟     (3) 

This is further strengthened by RMSE (Root Mean Square 

Error) and MAE (Mean Absolute Error) analysis used to 

measure the extent of the error between the tool's results and the 

reference value (ground truth). 

𝑀𝐴𝐸 =  
∑(𝑚𝑒𝑎𝑠𝑢𝑟𝑒 𝑟𝑒𝑠𝑢𝑙𝑡𝑠− 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒)

𝑛
 (4) 

𝑅𝑀𝑆𝐸 =  √
∑(𝑚𝑒𝑎𝑠𝑢𝑟𝑒 𝑟𝑒𝑠𝑢𝑙𝑡𝑠− 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒)2

𝑛
         (5) 

Followed by data analysis, standard deviation is used to assess 

the consistency or stability of the measurement results, through 

how wide the spread of the data is regarding the average value. 

Standard deviation measurement with SPSS software 

III. Results and Discussion 

A. Feasibility Analysis by Experts 

The Arduino-based Pollutant Monitoring System for mushroom 

factory wastewater uses four integrated sensors. The sensors 

used are the DS18B20 temperature sensor, pH sensor, dissolved 

oxygen (DO) sensor, and turbidity sensor, each of which serves 

as an indicator for determining water conditions. The following 

is the result of the development of the Pollutant Monitoring 

System for mushroom factory wastewater, shown in Fig. 4. 



  

 

 

Zetroem Vol 08. No 01 2026 76 
This is an open access article under the CC BY-SA license 

 

Figure 4. Pollutan Monitoring System 

 

According to Fig 4, the components are (1) LCD, (2) pH meter 

sensor, (3) DS18B20 temperature sensor, (4) turbidity sensor, 

(5) dissolved oxygen (DO) sensor, (6) Arduino Uno, and (7) 

power supply. In the development process, expert validation 

was carried out by ensuring that the tool used was suitable for 

use according to the needs according to the experts. There were 

two microcontroller and microprocessor experts who were 

asked to provide validation on the tool. The following is an 

analysis of the results of expert validation in table 2. 
Table 2. Expert Validation Results Analysis 

Assessment 

Aspects 

Expert Validation 1 Expert Validation 2 

Score % Category Score % Category 

Utility 5 100% Very good 5 100% Very 

good 

Beneficial for 

the 

environment 

and society 

5 100% Very good 5 100% Very 

good 

Ease of use 4 80% Good 4 80% Good 

Practicality of 

the product 

4 80% Good 4 80% Good 

Reliability 3 60% Fair 4 80% Good 

Interesting 

Feature 

4 80% Good 4 80% Good 

Accuracy 5 100% Very good 5 100% Very 

good 

Durability 3 60% Good 

Enough 

3 60% Good 

Enough 

𝑋 4,14 80% Very good 4,29 83% Very 

good 

 

In accordance with table 2, the overall average validation from 

experts 1 and 2 was obtained at a percentage of 80% and 83%, 

meaning in the "very good" criteria, indicating that the 

developed tool is suitable for use/valid. With aspects of 

usability, benefits for the environment and society, and 

accuracy obtaining a maximum score with a percentage of 

100% from both experts, the criteria are "Very Good". This 

shows that the developed tool is considered truly useful, on 

target, and able to provide accurate measurement results. In the 

aspect of ease of use and practicality, both experts gave a 

percentage of 80% with the criteria of "Good". The assessment 

shows that the tool is easy to use and quite practical in its 

operation, although the experts noted that it could still be 

improved in terms of interface or system integration. The 

reliability aspect received varying scores, namely 60% in the 

“Fair” criteria from the first expert and 80% in the “Good” 

criteria from the second expert. The difference is due to the 

experts' notes that the tool has not been implemented for a long 

period of time, meaning there is still room for improvement, 

especially in the consistency of the tool's performance when 

used over a long period. The attractive features aspect received 

a score of 80% in the “Good” criteria from both experts, 

indicating that the tool already has relevant and useful features. 

The durability aspect received a score of 60% in the “Fair” 

category from both experts. According to expert suggestions, 

the material and design of the device still need to be improved 

so that it can be used longer, especially in conditions where the 

liquid waste environment tends to be extreme. 

Validation with a score above 80% indicates that the instrument 

has met academic and practical feasibility standards. Previous 

research also confirmed that well-validated sensor-based 

devices can improve the reliability of pollutant detection and 

minimize potential measurement bias, [18]. The reliability of 

this system is highly dependent on the initial validation process, 

as accurate results can only be obtained from valid instruments, 

[19]. Another study showed that an integrated multi-sensor 

system is able to provide more comprehensive real-time data in 

monitoring water and air quality, which ultimately improves the 

quality of decision-making in environmental management [20]. 

With a “very good” validation result, the developed system can 

be positioned as a scientific instrument capable of providing 

quality data to support the sustainability of mushroom factory 

liquid waste processing. 

B. Measurement Accuracy Testing 

Each sensor was then tested using standard measuring 

instruments to ensure it performed according to its intended 

characteristics. The following table 3 shows the results of the 

sensor tests using water taken from the source. 



  

 

 

Zetroem Vol 08. No 01 2026 77 
This is an open access article under the CC BY-SA license 

Based on Table 3, it shows the results of sensor testing on 

water source samples from one point with a measuring 

instrument that was repeated 20 times for data collection to 

determine the error value of each sensor. In the DS18B20 

temperature sensor compared with a thermometer measuring 

instrument, the average error value is 0,024 or if expressed as 

a percentage, it becomes 2,4%, meaning that the error 

interpretation is <10% or a very good/very accurate sensor in 

measuring temperature. The pH meter sensor compared with 

the SNI pH Meter measuring instrument obtained an average 

error value of 0,061 or if expressed as a percentage, it becomes 

6.1%, meaning that the error interpretation is <10% or a very 

good/very accurate sensor in measuring pH.  
Table 4. MAE and RMSE Analysis Results 

 Temp. 

Sensor 

pH 

Sensor 

DO Sensor 

 

Turbidity 

Sensor 

MAE 0,6 0,4 0,213 0,042 

RMSE 0,6 0,401 0,2800 0,062 

The analysis results showed that all sensors had a good level 

of accuracy with relatively low error values, where the 

turbidity sensor provided the best performance (MAE 0,042; 

RMSE 0,062), followed by the DO sensor (MAE 0,213; RMSE 

0,280) which indicated a slight variation in measurements. The 

pH sensor showed high consistency because the MAE and 

RMSE values were almost the same (0,4 and 0,401), while the 

temperature sensor had the largest error (MAE and RMSE 0,6) 

but remained stable without any indication of significant 

outliers. Overall, the sensor system was considered quite 

reliable and consistent for monitoring mushroom factory 

waste. 

 

Table 5. Analysis Statistic 

Statistics 

 Temperature pH DO Turbidity 

N Valid 20 20 20 20 

Missing 0 0 0 0 

Std. Deviation 0,00000 0,02200 .79974 0,00000 

Variance 0,000 0,000 0,640 0,000 

Table 5 shows the analysis using SPSS. The standard deviation 

value for the temperature and turbidity sensors shows 0,000, 

which indicates no variation or fluctuation in data during the 

measurement, so that the readings of both sensors are very 

stable. The pH sensor has a standard deviation of 0,022 with a 

variance close to zero, which indicates a small variation but is 

still within reasonable limits and reflects good measurement 

stability. Meanwhile, the DO sensor shows a higher standard 

deviation of 0,799 with a variance of 0,640, which indicates a 

greater variation in data compared to other sensors. This may 

be caused by the sensitivity of the DO sensor to changes in 

environmental conditions such as temperature, solute content, 

and water flow dynamics. Overall, these results indicate that 

most sensors have a high level of consistency, although the DO 

sensor requires more attention in terms of measurement 

stability under field conditions. 

The results of the error value analysis shown from the sensor 

testing indicate that the designed tool has been able to work 

according to the expected function. The trial process carried out 

on a laboratory scale has provided consistent results, so that the 

tool can be declared to have successfully passed the verification 

stage and is suitable for use in mushroom factory liquid waste 

media. Thus, this system not only functions as a laboratory test 

Table 3. Laboratory scale accuracy test analysis results 

No 

Temp. 

Sensor 

(oC) 

Measuring 

instrument 

(oC) 

Error 
pH 

Sensor 

Measuring 

instrument 
Error 

DO 

Sensor 

(mg/L) 

Measuring 

instrument 

(mg/L) 

Error 

Turbidity 

Sensor 

(NTU) 

Measuring 

instrument 

(NTU) 

Error 

1 25,6 25 0,024 6,97 6,56 0,063 1,48 1,27 0,17 1 0,98 0,02 

2 25,6 25 0,024 6,89 6,56 0,050 0,66 0,57 0,16 1 0,98 0,02 

3 25,6 25 0,024 6,97 6,56 0,063 1,48 1,29 0,15 1 0,89 0,12 

4 25,6 25 0,024 6,97 6,56 0,063 3,22 2,58 0,25 1 1 0,00 

5 25,6 25 0,024 6,97 6,56 0,063 1,48 1,23 0,20 1 0,9 0,11 

6 25,6 25 0,024 6,93 6,56 0,056 1,58 1,29 0,22 1 0,99 0,01 

7 25,6 25 0,024 6,97 6,56 0,063 1,42 1,27 0,12 1 0,9 0,11 

8 25,6 25 0,024 6,97 6,56 0,063 0,11 0,1 0,10 1 1 0,00 

9 25,6 25 0,024 6,97 6,56 0,063 1,37 1,27 0,08 1 1 0,00 

10 25,6 25 0,024 6,97 6,56 0,063 1,37 1,27 0,08 1 1 0,00 

11 25,6 25 0,024 6,93 6,56 0,056 0,55 0,54 0,02 1 1 0,00 

12 25,6 25 0,024 6,97 6,56 0,063 1,48 1,27 0,17 1 1 0,00 

13 25,6 25 0,024 6,97 6,56 0,063 3,61 3,58 0,01 1 0,89 0,12 

14 25,6 25 0,024 6,97 6,56 0,063 1,53 1,23 0,24 1 0,9 0,11 

15 25,6 25 0,024 6,97 6,56 0,063 1,53 1,29 0,19 1 0,97 0,03 

16 25,6 25 0,024 6,93 6,56 0,056 1,64 1,27 0,29 1 0,98 0,02 

17 25,6 25 0,024 6,97 6,56 0,063 0,55 0,54 0,02 1 0,89 0,12 

18 25,6 25 0,024 6,97 6,56 0,063 1,42 1,23 0,15 1 0,9 0,11 

19 25,6 25 0,024 6,97 6,56 0,063 1,45 1,29 0,12 1 1 0,00 

20 25,6 25 0,024 6,97 6,56 0,063 1,97 1,27 0,55 1 1 0,00 

𝑋 25,6 25 0,024 6,96 6,56 0,061 1,50 1,28 0,16 1 0,96 0,05 
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medium, but is also ready to be applied directly to monitor 

liquid waste in real-time. The success of this tool's accuracy 

measurement proves that the design of integrating four sensors 

with Arduino Uno. 

C. Data Analysis of Mushroom Factory Liquid Waste 

Pollutants 

The analysis results from direct measurements at the 

mushroom factory site, with data collection from the factory's 

waste reservoir to the disposal site, 150 meters from the 

reservoir. The following graph displays data from each sensor 

based on the distance from the waste reservoir to 150 m from 

the reservoir. 

 

Figure 5. Temperature sensor data from the waste storage tank up to 

150 meter 

According to Fig. 5 , the initial graph at a distance of 0 meters 

or in the mushroom waste storage tank, the temperature is 

around 20.2 °C, then at about 10 m it immediately drops to 

19.3 °C. After that, the temperature is relatively stable in the 

range of ± 19.3–19.4 °C until about a distance of 60 m. At 

around 60–80 m there is a further decrease to 18.9–19.0 °C, 

then the temperature rises again to approach 20–20.5 °C at 

around 90–100 m. After that there is a slight fluctuation, then 

at a distance of more than 130 m the temperature drops sharply 

to 18.2 °C and then rises slightly again to approach 18.4 °C. 

Based on the graph above, it shows that the temperature data 

from the storage tank to a distance of 150 meters is recorded in 

the range of 18–20.5 °C. These conditions are quite good for 

water as a medium for plants and living creatures, although 

slightly cooler than optimal for tropical fish, but very friendly 

for hydroponics and cold water organisms [21], [22]. 

 

Figure 6. Water pH meter sensor data from the waste storage tank up 

to 150 meter 

Fig. 6 shows the results of pH measurements on a graph 

indicating that water quality is in a relatively stable range, 

namely between 7.16 and 7.25. Fluctuations that occur 

throughout the measurement range are not too significant, only 

around ±0.09, which indicates that the water system has a fairly 

good buffer capacity. 

 

Figure 7. Dissolved oxygen sensor data from the waste storage tank up 

to 150 meter 

Fig.7 Dissolved oxygen (DO) levels show a fairly varied pattern 

with values ranging from 1.1 to 3.0 mg/L from the mushroom 

factory waste storage tank to 150 meters. After the starting point 

of the factory's wastewater reservoir, there was a sharp spike, 

reaching 3.0 mg/L at a distance of 10–20 meters. The DO value 

then remained relatively stable at 2.8–3.0 mg/L for a distance 

of approximately 50 meters, before gradually decreasing to 2.4–

2.6 mg/L between 60–100 meters. At a distance of 120–140 

meters, the DO level rose again, approaching 3.0 mg/L. 
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Figure 8. Turbidity sensor data from the waste storage tank up to 150 

meter 

Fig. 8 shows the change in water turbidity (NTU) over a 

distance of 0–150 meters. From the initial point up to a distance 

of approximately 20 meters, turbidity was recorded as very 

high, stable at around 300 NTU. After 20 meters, turbidity 

decreased drastically to around 70–80 NTU. At a distance of 

60–150 meters, turbidity continued to decrease gradually to 

around 20–40 NTU, before finally reaching a point near 0 NTU 

after 60 meters until the end of the measurement at 150 meters.  

Data collection was carried out directly at the mushroom 

factory location with the data collection process from the 

factory waste storage tank to the disposal site, which is 150 

meters from the storage tank, as shown Fig 9. 

  

(a) Liquid waste storage tank 0 

M (300 NTU) 

(b) Distance 20 M (300 NTU) 

  

(c) Distance 70 M (1 NTU) (d) Distance 100 M (1 NTU) 

  

(e) Distance 130 M (1 NTU) (f) Distance 150 M (1 NTU) 

Figure 9. Data collection from the liquid waste storage tank up to a 

distance of 150 m to the flow to the sewer/outside drain 

Fig.9 shows data collection in the field taken at a single point, 

where 3 data were collected: temperature, soil pH, dissolved 

oxygen, and turbidity. The following graph shows the 

temperature data collected at several variations of data 

collection from the reservoir to 150 meters. Temperature sensor 

data according to Fig. 5 shows fluctuating temperature changes 

due to several factors from environmental conditions such as 

sunlight, vegetation, strong water flow and soil/water humidity. 

For example, at a distance of 0 meters (in the reservoir) and at 

a distance of 90-100 meters from the reservoir, the temperature 

can reach ±20.2 °C, due to direct sunlight hitting the water in 

the reservoir and gutter, or there is no vegetation [23]. A sharp 

decrease above 130 m indicates a significant environmental 

change, perhaps the sensor is in a condition where there is 

vegetation, it is more humid, more shaded, or there is a cold air 

flow [24]. 

The results of pH measurements on the Fig. 6 show that the 

water quality is in a relatively stable range namely between 7.16 

to 7.25. Fluctuations that occur along the measurement distance 

are not too significant, only around ±0.09, which indicates that 

the water system has a fairly good buffer capacity. The graph 

shows the water pH between 7.16 to 7.25 with this smooth 

fluctuation is a fairly neutral and relatively stable condition, this 

value is in a safe zone for many aquatic organisms and plants 

(general ideal range 6.5–8.0) [25]. However, the soil pH taken 

in the mushroom factory waste reservoir shows 7.17 lower than 

data taken at other distances, meaning there is a decrease in pH 

due to mushroom waste. If not handled, there can be a decrease 

or increase in water pH that is too acidic (pH <6.5) can increase 

heavy metal toxicity, while water that is too alkaline (pH> 8.5) 

can disrupt nutrient availability and physiological balance of 

organisms [26]. 

Fig. 7 Dissolved oxygen (DO) levels show a fairly varied 

pattern with a range of values between 1.1 and 3.0 mg/L from 

the mushroom factory waste reservoir to 150 meters. At the 

beginning of the measurement, the DO value was around 1.1 

mg/L, a figure that is considered very low and indicates water 

conditions with limited oxygen supply. This is due to the exact 

location of the mushroom factory waste reservoir, coupled with 

minimal water movement, high oxygen consumption by 

microorganisms in the process of decomposing organic matter, 

or the presence of sediment rich in organic matter [19, 20]. 
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After the starting point from the factory liquid waste reservoir, 

there was a sharp increase to 3.0 mg/L at a distance of 10–20 

meters. This increase can be associated with increased natural 

aeration, for example due to more open water flow or the 

photosynthesis process of aquatic plants and phytoplankton 

that produce oxygen into the water column [27]. The DO value 

then remained relatively stable at 2.8–3.0 mg/L up to a distance 

of approximately 50 meters, before gradually decreasing to 

2.4–2.6 mg/L between 60–100 meters. This fluctuation 

indicates a balance between oxygen production through 

photosynthesis and oxygen consumption due to organism 

respiration and decomposition processes [28]. At a distance of 

120–140 meters, the DO increased again to nearly 3.0 mg/L, 

likely influenced by the interaction of the water with the 

atmosphere and photosynthetic activity in the area. However, 

it decreased again at the end point of the measurement (150 

meters) to 2.5 mg/L, indicating that the dynamics of the aquatic 

environment are still fluctuating. Dissolved oxygen (DO) 

levels in the range of 1.1 to 3.0 mg/L indicate that the dissolved 

oxygen conditions in the studied waters tend to be low and 

potentially stressful for aquatic organisms. When compared to 

water quality standards, the DO levels measured in this graph 

are still below the optimal threshold for aquatic life. Most 

aquatic organisms, especially fish and invertebrates, require a 

minimum DO level of 5 mg/L to survive normally [29]. 

Fig 8 shows the change in water turbidity (NTU) along a 

distance of 0–150 meters. From the starting point to a distance 

of approximately 20 meters, turbidity was recorded as very 

high, stable at around 300 NTU. At this distance, mushroom 

factory waste affects the turbidity from the reservoir to the 

drain at a distance of 20 meters. This value indicates turbid 

water conditions with very high concentrations of suspended 

particles, which generally originate from sediment, organic 

material, or waste carried by the flow [30]. After the 20 meters 

point, there was a drastic decrease in turbidity to reach around 

70–80 NTU. This phenomenon indicates a natural 

sedimentation process of suspended particles along the flow. 

Water flowing further tends to lose most of the solid particles 

because gravity causes sediment to settle to the bottom of the 

water [31]. At a distance of 60–150 meters, turbidity continues 

to decrease gradually to around 20–40 NTU, before finally 

reaching a point approaching 1 NTU after 60 meters until the 

end of the measurement at 150 meters. This condition indicates 

that almost all suspended particles have completely settled, 

resulting in clear water. This pattern is common in rivers or 

artificial channels, where turbulence decreases with distance, 

allowing for optimal sedimentation [32], [33]. 

The analysis of the four water quality parameters shows that 

the observed aquatic system experienced significant changes 

along the measurement path. Temperature and pH also tended 

to remain stable without significant changes. The pH value 

tended to remain stable in the neutral range of 7.2–7.3, which 

is generally still suitable for supporting the survival of aquatic 

organisms. Dissolved oxygen (DO) levels in the water were 

generally low, ranging from 2.46 to 3.01 mg/L, which is below 

the standard for good water quality (generally >5 mg/L). 

Meanwhile, turbidity parameters indicated pollution, 

characterized by very high turbidity reaching 300 NTU. This 

then showed a drastic decrease from the initial very high 300 

NTU to near zero after further distance, indicating an effective 

natural sedimentation process in improving water clarity 

IV. Conclusions and Suggestions 

A. Conclusions 

1. The development results reviewed from the feasibility 

obtained an average overall validation from experts 1 

and 2 at a percentage of 80% and 83% meaning in the 

criteria of "very good", indicating that the developed is 

suitable for use/valid.  

2. Laboratory-scale sensor testing was carried out through 

a comparison of measuring instruments obtained from 

the four sensors (temperature sensor, pH meter sensor, 

DO sensor, and turbidity sensor) the average accuracy 

value is >80% in the good category.  

3. The results of monitoring liquid waste from the 

mushroom factory, namely temperature and pH, also 

tend to be stable without significant changes. The pH 

value tends to be stable in the neutral range of 7.2–7.3, 

which is generally still suitable to support the survival of 

aquatic organisms. The dissolved oxygen (DO) levels in 

water are generally low, in the range of 2.46 to 3.01 

mg/L, which is already below the standard for good 

water quality (generally >5 mg/L). Meanwhile, the 

turbidity parameter indicates pollution, marked by very 

high turbidity reaching 300 NTU. Then it shows a 

drastic decrease from very high conditions at the 

beginning of 300 NTU to approaching zero after further 

distance, indicating an effective natural sedimentation 

process in improving water clarity. 

4. The limitation of the research is that the device is not 

integrated with the Internet of Things so that the data log 

is not recorded by the system. Then the power supply 

system is still based on a power bank so it is not good in 

terms of sustainable energy supply. 

B. Suggestions 

1. In the future, research can be expanded with additional 

sensors, such as heavy metal sensors and sensors for 

other toxic substances that can impact the environment 

and health.  

2. Furthermore, it can be integrated with IoT and control 

systems in waste processing, not just in mushroom 

factories. 
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