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Abstract— Illegal dumpings in sewerage can cause 
problems in wastewater treatment plants, so it may become an 
environmental problem. In this paper, we propose a system for 
detecting these illegal dumpings. We use conductivity sensors 
for detecting a change in the conductivity of water because this 
change may appear due to a dump. The system is based on two 
coils. One of the coils is powered by a sinus-wave and the other 
coil is induced. To prevent damage from water in the copper 
we encapsulate the coils in a PVC tube. These coils are 
connected to a Flyport in order to send the values and generate 
alarms. We tested the prototype with different configurations 
of coils with encapsulation of 3 and 1 mm. When the 
encapsulation is of 3 mm, we do not observe differences in the 
induced voltage. The prototype selected has a difference of 4.10 
Volts between the samples 0 and 40 g/l of the table salt. In the 
verification test this prototype has a relative error of 2.54%. 

Keywords— Coils, Conductivity, Smart cities, Illegal 
dumping, Flyport. 

I. INTRODUCTION  

Illegal discharges are an important problem in cities all 
over the world, because they can cause problems in water 
bodies [1]. Historically, people have thrown their waste to 
the rivers, to be washed down. Thus, it caused a handful of 
environmental issues in the surrounding area downstream. 
Nowadays, we have water treatment plants, which process 
the sewage water so it can be returned to a water stream. 
They are designed to operate for a calculated range of flow 
and concentration of pollutants. Therefore, if there is an 
illegal discharge, the water treatment plant will be unable to 
completely process the water. Moreover, this is very 
important because if the water is not processed correctly it 
will affect the ecosystem downstream [2]. These discharges 
contain pollutants such as nitrates, sulphates and in the worst 
cases even heavy metals and other pernicious compounds. 

Nowadays, sensors are being included in the sewer 
system to detect possible irregularities. E.g., in the 
Netherlands there is a method that consists of distributed 
sensors to measure the temperature, along with a fiber-optic 
cable that is being used to detect illicit sewage connections. 
It uses the temperature difference from the storm drain water 
and the sewage water to detect it. The cable has high 
temporal (30 seconds) and spatial (2 meters) resolution, and 
it measures 1300 meters [3]. Although it is a very good 
device, it is difficult to operate with it, since it is so long. It 
also could present difficulties such as a portion of the cable 

could be torn. The usefulness of a smart wireless sensor 
network has been widely proven in [4]. 

The integration of technologies in these cities (Smart 
cities) can help to detect illegal dumps. A smart city is a city 
in which technologies are ingrained in every day’s life [5]. 
This proves to be highly beneficial for the citizens, who have 
more available information, as well as better services. The 
services for smart cities do not only benefit the population 
directly using an app, but also provide energy efficiency and 
environmental management. Both factors affect the lives of 
the citizens, as well as the planet. A good smart city would 
be one that not only covered the citizens’ main necessities, 
but also the environmental ones.  

The aim of this paper is to design a system, which could 
be used in smart cities for the detection of illegal discharges. 
If we are able to determine the precise time and location of 
the discharge, we will be capable of mustering a better 
course of work than the standard one. Our sensor is based on 
two coils insulated with a PVC tube. One of them is powered 
by alternating current and the other is induced. The two coils 
are connected to a flyport node. If the system detects an 
unusual change in the conductivity, it will generate an alarm 
in order to take the appropriate actions. 

The rest of the paper is structured as follows. Section II 
presents the published related works about the measurement 
of pollutants in water. A description of the sensor node is 
developed in Section III. Section IV shows the structure of 
the message flow between IoT devices. In Section V we 
explain how we have obtained the results. The results are 
explained in Section VI. Finally, Section VII presents the 
conclusion and future work. 

II. RELATED WORK 

In this section, we are going to discuss some recent 
papers related to our work. We will talk about how coils 
have been used for other water related analysis. Moreover, 
we will mention some methods for detecting sewage water in 
the storm drainage system. 

Siregar et al. [4] proved the need of a low-cost smart 
environment system to analyze in real-time the wastewater 
quality. They developed a wireless sensor network to detect 
changes in pH, conductivity, temperature and dissolved 
oxygen. Besides, it was equipped with a notification feature 
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VI. RESULTS 

In this section, we are going to show the results of the 
different prototypes tested. 

A. 3mm of tickness 

In this subsection, we indicate the results of 
encapsulating the prototypes P1, P2, P3, and P4. We test 
with the samples 0 and 45 mg/l of table salt. We search if a 
difference exists between these samples. 

In Table 4, we can observe the results of the prototypes 
P1, P2, P3 and P4 with an encapsulation of 3mm of PVC. 
The prototype 4 has the highest difference between 0 to 45 
g/l of table salt with a value of 0.4V. The prototypes P2 and 
P3 have a difference of 0.28V and finally the prototype 1 has 
a difference of 0.08V. These differences are small which 
causes the sensor to have low sensibility. For this reason, we 
are going to test with a less thick encapsulation.  

Table 4. Result of the prototype with 3 mm PVC encapsulation 

Prototypes 
Frequency 
(kHz) 

Sample 0 
g/l (V) 

Sample 45 
g/l (V) 

Difference 
(V) 

P1 150 8.88 8.80 0.08
P2 170 10.20 9.92 0.28
P3 210 5.24 4.96 0.28
P4 270 8.24 7.84 0.40

B. 1 mm of tickness 

After trying with an encapsulation of 3 mm of PVC, we 
test with an encapsulation of 1 mm of PVC. In this 
subsection we show the results of this test. 

The results of prototypes P1, P2, P3 and P4 are in Table 
5.  In Prototypes P1, P2, and P3 the difference of induced 
voltage is higher than in the ones whose thickness was of 
3mm of PVC. Prototype P4 has the same difference of 
induced voltage. The working frequency is the same in the 
cases of P1 and P2. In the cases of P3 and P4 are 10 kHz 
less. Due to the large induced voltage difference of prototype 
2 (6.06 against 1.28 of the second biggest difference). We 
take this prototype as a reference to distribute this coil in 
different layers 

Table 5. Result of the prototype with 1 mm PVC encapsulation 

Prototypes 
Frequency 
(kHz) 

Sample 0 
g/l (V) 

Sample 45 
g/l (V) 

Difference 
(V) 

P1 150 8.48 8.16 0.32
P2 170 9.20 3.14 6.06
P3 200 9.44 7.76 1.68
P4 260 8.40 8.80 -0.40

C. Turns distributed in different levels 1 tickness 

In this subsection, we test the prototypes P2, P5, P6 and 
P7. We test with the samples of 0 and 45 mg/l of NaCl to 
find the working frequency. After that, we test them with the 
samples of the Table 1. In the Table 6 we can observe that 
prototypes P2, and P5 have a good difference between the 
samples of 0 and 45 mg/l of table salt. The difference is 6.06 
and 4.10 in the prototypes P2 and P5 respectively. We select 
the prototypes P2 and P5 because these will have a better 
precision. 

 

Table 6. Result of the prototype with 3 mm PVC encapsulation 

Prototypes 
Frequency 
(kHz) 

Sample 0 
g/l (V) 

Sample 45 
g/l (V) 

Difference 
(V) 

P2 170 9.20 3.14 6.06
P5 130 8.56 9.76 1.20
P6 110 12.50 8.40 4.10
P7 110 12.60 12.80 0.20

 

With the prototypes P2 and P6 we test with the samples 
of Table 1 (the results can be seen in Fig 3). The different 
values of output voltage (current induced) are compared with 
the conductivity obtaining a mathematical model. The 
mathematical models that represent these prototypes are the 
equations 1, and 2 for the prototypes P2 and P6 respectively. 
The R2 (this is a statistical parameter that indicates how the 
mathematical model can be adapted for the different points) 
are 0.9974, and 0.9706 respectively. Since the two 
prototypes have a good R2, we perform the verification with 
both prototypes 

Vout (V) = -1.297*ln (conductivity (mS/cm)) +8.2589 (1) 

Vout (V) = 12.28*e-0.007* conductivity (mS/cm) (2) 

 

 
Fig 3. Induced voltage of the prototype 2, and 6. 

D. Verification 

Finally, in this subsection, we are going to perform the 
verification of the prototypes P2 and P6. 

To verify the prototypes, we prepared different samples 
with a concentration of table salt and conductivity that are 
shown in Table 2. 

The values of the output voltage in the verification of the 
prototypes 2 and 6 are in Table 7. The real value is the value 
of the induced voltage of the prototype in the lab. It is the 
theoretical value according to the model for a specific 
salinity. The absolute error is the difference between those 
values. The relative error is the absolute error divided the 
real value. The relative error of the prototype 6 is less than 
prototype 2. In the range of 1 to 9 mg/l the prototype 6 has 
the minor errors. In prototype 2 the minor errors are in the 
range of 2 to 15 mg/l. We decide to use the prototype 6 
because it has more precision at the cost of sacrificing 
sensor sensitivity. 
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Table 7. Conductivity and salt concentration of the samples of verification

Prototypes 

P2 P6 P2 P6 P2 P6 
Table salt 
(g/l) Conductivity (mS/cm) Real (V) Model (V) Real (V) Model (V) Absolutly error (V) Relative error (%) 

1 2.89 7.73 6.88 12.07 12.05 0.86 0.01 11.08 0.11

2 3.83 6.84 6.51 11.97 11.97 0.33 0.01 4.79 0.07

4 6.62 6.01 5.81 11.77 11.74 0.21 0.02 3.46 0.20

7 11.02 5.37 5.15 11.40 11.39 0.23 0.01 4.23 0.12

9 14.36 4.77 4.80 11.27 11.12 0.03 0.14 0.64 1.27

12 17.9 4.45 4.52 10.23 10.85 0.07 0.62 1.47 6.04

15 22.3 4.00 4.23 10.10 10.52 0.23 0.42 5.87 4.18

18 25.5 3.81 4.06 9.79 10.29 0.25 0.50 6.50 5.14

22 30.3 3.37 3.84 9.33 9.95 0.47 0.62 14.01 6.60

30 41.2 3.03 3.44 9.07 9.22 0.41 0.15 13.44 1.67

Media 0.31 0.25 6.55 2.54

 

VII. CONCLUSION AND FUTURE WORK 

In this paper, we present a system for monitoring the 
conductivity in sewage. This parameter can be used to detect 
illegal dumpings in smart cities.  

We determine that 3 mm of encapsulation has a low 
resolution and therefore a thinner encapsulation should be 
used. From the tested prototypes, we determined that the 
prototypes P2 and P6 are the ones that work best. Although 
the prototype P2 presents a greater difference between the 
sample of tap water and that containing 45 g / l of salt (which 
implies greater sensitivity). We choose the prototype P6 
because in the verification phase it presented less error. 

This sensor can be combined with other sensors as 
turbidity [13], colour, water level, etc. To improve the 
detection of illegal dumping. 

In future works, we are going to determine the effect of 
the temperature, the water flow and the biofouling in the 
coils. 
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