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Abstract: A capacitive sensing probe is suggested to detect the 

concentration of urea in bovine urine samples. The variation in the 

relativepermittivity of the medium measures the change in 

capacitance, magnitude and phase parameters due to the change in 

concentration of urea in bovine urine. The sensor characteristics 

are observed for the simulating frequencies of 100Hz, 1 kHz, and 

10 kHz and20kHz for the entire experiment. It is observed that 

there is a linear increment in magnitude and phase accompanied 

with a linear decrement in the capacitance. The sensor can identify 

a range from 10mg to 100mg of urea per ml of urine. It is also 

obvious that change in capacitance is better compared to the 

magnitude and phase variations of the sensing probe. 
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I. INTRODUCTION 

Urea is the final waste product of degradation of protein 

into nitrogen com-pounds as a result of tissue metabolism. 

The urea travels in blood from liver and excreted through 

urine from kidney [1].Being an important biomarker its level 

in the urine and blood are monitored periodically which 

gives the nutritional levels of liver and kidney [2]. The urea 

level for a normal healthy human body is 20-40 mg/dl. 

However there may be an elevation in this range due to 

pathophysiological conditions and ageing. Serious problem 

in human body like Azotemia [3] which finally cause uremia 

or uremic syndrome may be raised due to the higher 

concentration of urea levels in blood and in urine it may 

leads to renal dysfunction, urinary tract obstruction, 

dehydration, diabetes, shock, burns, and gastrointestinal 

bleeding [4] [5] [6].The decrement in the status of urea levels 

in urine may cause severe liver disease, malnutrition, hepatic 

failure, nephritic syndrome, and cachexia [4].Hence, the 

determination of urea levels in urine plays an important role. 

Analytical methods are enhanced for urea detection such 

as fluorimetry [7], high-performance liquid chromatography 

[8] surface plasmon resonance [9], enzymatic assay [10] 

[11], calorimetry [12], electrochemistry [13] [14], gas 

chromatography [15]. 

Several techniques are available in the previous works to 

determine the urea levels in urine which are the most 
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complex analytical methods that need specialized technical 

expertise and this determination of urea is in influential in 

various fields like foods science, agricultural processes, 

environmental monitoring and medical diagnosis. Non-

enzymatic piezoelectric sensor based on the modification of 

molecularly imprinted TiO2 was used to detect urea 

concentration in urine [8]. Spectrophotometric method was 

the first method to determine the urea by urease enzyme 

which is developed by Watt and Crisp. Later this method 

was modified by using alcoholic Ehrlich reagent [3].On the 

other hand, catalyzed hydrolysis of ammonia may be used 

for urea detection .Universally, potentiometric method is the 

most commonly used method for urea detection. The major 

disadvantages of this method is sensitivity and metal ion 

interference effects[16].In addition, Calorimetry, fluorimetry 

and gas chromatography are conventional methods for 

detection of urea concentration in urine [17]. 

Materials and Methods 

Optimal selection of Sensor 

The construction of an open ended cylindrical probe 

consists of two hollow cylinders varying in inner and outer 

diameter. The inner cylinder has the inner and outer 

diameter as 10mm and 8mm respectively whereas the outer 

diameter has the inner and the outer diameter as 19mm and 

17mm.The two hollow cylinders are at a constant height of 

50mm .The two electrodes which evolves from the two 

cylinders leads to LCR meter. These two sensors are dipped 

into the sample solution at a depth of 20mm.The depth of 

the sensor is constantly maintained and monitored. The LCR 

meter is used to study the characteristics of the sensor in 

both magnitude and phase mode. 

Sensor design 

As cited above capacitive sensor has been used. The 

assembly of the capacitive sensor is made up of an open 

ended cylindrical probe. The dielectric medium used in the 

project is urine whose urea levels have to be measured. 

There are some governing factors which leads to change in 

capacitance value in cylindrical probe. Those factors are 

namely the area of the plates, the distance between the plates 

and the dielectric medium between the plates. 

The governing factors for an open ended cylindrical probe 

may be specified as namely the length of an open ended 

cylindrical probe, the inner radius of the outer cylinder, the 

outer radius of the inner cylinder and the dielectric medium 

between the two cylinders. These factors can be depicted 

mathematically as  
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C = ((πεrε0 / ln(rb//ra))L……………………………… (1) 

As mentioned earlier ε0 = 8.854 x10
-12

m
-3 

kg
-1

s
4
A

2
; εr= 

Relative permittivity of the medium. Here,’L’ represents the 

length of an open ended cylindrical probe, ’ra’ stands for 

outer radius of the inner cylinder and ‘rb’ signifies an inner 

radius for the outer cylinder. 

For an open ended cylindrical probe, the dielectric 

medium which covers the surface of the sensor is expressed 

mathematically by 

Total surface area = 2π (ra-rb) h…………………… (2) 

Where h = height of an open ended sensor which is 

dipped inside the dielectric medium; ‘ra’ represents the 

inner radius of the outer cylinder and ‘rb’ shows the outer 

radius of the inner cylinder. The change in the dielectric 

medium causes the change in the capacitance of the sensor. 

Sensors are selected based on the two criteria.Change in 

capacitance with the change in concentration of the sample 

solution is considered at first followed by the least deviation 

in the constant capacitance at the given medium.  

Investigation Procedure 

Experimental procedure is started at normal temperature 

and pressure (NTP) with fresh urine sample collected from 

the farm. To test the urea in urine, the sensor is first dipped 

inside the fresh urine sample and the capacitance is noted 

for reference. The designed probe is dipped 20mm inside the 

sample of urine to be tested. Urea is added to 100 ml of 

urine sample in steps of 1g to 10g.The capacitance, 

magnitude and phase of the sensor are logged for every 15 

minutes after preparation(mixing using a magnetic stirrer) of 

each sample so that the added urea reaches an equilibrium 

condition in the urine sample.  

Statistical Analysis 

Urea concentrations in urine were correlated with LCR 

meter readings via, capacitances, magnitudes and phase 

using least square regression analysis. Regression analysis 

was performed for all frequencies. 

Results 

A standard LCR meter (Agilent 4263B LCR meter) is 

used for measuring the change in magnitude, phase and 

capacitance in the test samples for investigating the 

characteristics of the sensor. The experiment is carried out at 

four different frequencies via, 100Hz, 1 kHz, 10 kHz and 20 

kHz. The Pearson’s r value, slope and intercepts for all the 

four frequencies with respect to magnitude, phase and 

capacitance is determined using linear regression analysis 

and the results are shown in Table 1. 

II. DISCUSSION 

For the sensor selection, the main criterion considered is 

its sensitivity. The characteristics are observed using a 

standard LCR meter (Agilent 4263B LCR meter). The entire 

experiment is carried out under normal temperature and 

pressure. Each reading is repeated thrice to check the 

reproducibility of the sensor. For every gram of urea added 

to 100ml of fresh urine sample, capacitance, magnitude and 

phase is noted from the LCR meter. The experiment is a 

carried out at a frequency range from 100Hz to 20 kHz. It is 

observed that the sensor exhibits high linearity and has good 

sensitivity at 100Hz frequency for magnitude, phase and 

capacitances (Figure 1, figure 2 and figure 3).  

The corresponding regression analysis shows Pearson’s 

coefficient, r values as 0.89 for magnitude (Figure 1(a)), 

0.78 for phase (Figure 2(a)) and -0.98 for capacitance 

(Figure 3(a)) at 100Hz frequency. The result also shows that 

capacitance variation is much better than magnitude and 

phase variations. Hence the change in capacitance is the 

main criteria to detect the variation in urea concentration in 

urine. 

 

 

Frequency 

(Hz) 

Pearson's r Slope, intercept 

Magnitude 

(Ohm) 

Phase 

(degree) 

Capacitance 

(µF) 

Magnitude 

(Ohm) 

Phase 

(degree) 

Capacitance 

(µF) 

100 0.89 0.78 -0.98 0.49, 20.11 0.58, -46.95 -1, 108.19 

1k 0.74 0.41 -0.93 0.33,7.9 0.52, -32.42 -0.72, 37.67 

10k 0.62 -0.21 -0.97 0.24, 3.84 -0.17, -18.21 -0.2, 11.94 

20k 0.46 0.77 -0.97 0.14, 3.56 3.15, -18.87 -0.14, 9.37 

Table 1: Readings of Pearson’s r, slope and intercept for magnitude, phase and capacitance change in the cylindrical 

Probe with respect to variation in concentration of urea at four different frequencies viz., 100Hz, 1 kHz, 10 kHz and 

20 kHz 
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Figure 1: Plot of variation in magnitude at different frequencies (a) 100Hz, (b) 1 kHz, (c) 10 kHz, (d) 20 kHz and it 

also shows that there is a linear increment with respect to variation in urea concentration. 
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Figure 2: Plot of variation in phase at different frequencies (a)100Hz, (b)1kHz, (c)10kHz, (d)20kHz and it also shows 

that there is a linear increment with respect to variation in urea concentration. 
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Figure 3: Plot of variation in capacitance at different frequencies (a)100Hz, (b)1kHz, (c)10kHz, (d)20kHz and it also 

shows that there is a linear decrement with respect to variation in urea concentration. 

 

III. CONCLUSION 

In this work, a preliminary study on the characteristics of 

a cylindrical sensing probe for the variation of urea 

concentration in the bovine urine samples is done. The 

resultsprove that the sensor can differentiate the urea 

concentration variation by observing the magnitude, phase 

and capacitance of the sensor using a standard LCR meter. 

However the capacitance obtained from the fresh bovine 

urine with normal urea need to be considered as a reference 

sample. Any deviation from the reference value indicates an 

increment or decrement in urea concentration in urine. It is 

observed that there is a linear increment for magnitude and 

phase value and there is a linear decrement in capacitance 

value for the sensor. Also, the results prove that capacitance 

change has a high significance compared to the magnitude 

and phase. Further, a detailed study is required to design a 

signal conditioning circuit to measure the variation in urea 

concentration based on the change in capacitance of the 

cylindrical probe. 
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