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Abstract: Phosphorus and ammonium nitrogen are typically an essential part of the 

living ecosystem, but the amount needs to be at the optimum level. The high 

concentration level can impact the nature of the water and the environment around it. 

Water resistivity method can be applied in-situ to obtain the resistivity value of the 

water body. This study was proposed to develop the phosphorus and ammonium 

nitrogen concentration calibration curve using laboratory resistivity method at 

alkaline pH condition. A laboratory experiment was conducted to obtain the 

resistivity value of different concentration of phosphorus and ammonium nitrogen at 

alkaline condition range from 7.8 to 11.0. The resistivity value was obtained using 

electrical resistivity box and analysed to obtain the calibration curve. The 

concentration of phosphorus was divided into three ranges which is low range covers 

from 1 mg/L to 99 mg/L, medium range covers from 100 mg/L to 999 mg/L and high 

range covers from 1000 mg/L to 2000 mg/L while the concentrations of ammonium-

nitrogen standard are divided into three major groups which is low range covers from 

1 mg/L to 99 mg/L, medium range covers from 100 mg/L to 99 mg/L and high range 

covers from 1000 mg/L to 5000 mg/L .The results in this lab experiment showed that 

the concentration of the phosphorus and ammonium nitrogen was inversely 

proportional to the resistivity value. This is because the high number of ions will 

results in the high conductivity and low resistivity. The calibration curves that have 

been obtained including R2 value can be used as the references to determinte the water 

quality by measuring the resistivity in-situ of the water body. 
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1. Introduction 

The accessible supply of water should be adequate and safe for everyone. Significant amounts of 

benefits on health can be obtained as the result of improving access to safe drinking-water. Safe-

drinking water means the water is free from pollution. Water pollution can happen when hazardous 
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substances in which chemicals or microorganisms contaminate and degrade the quality of water in a 

particular water body for instance river, ocean, lake and aquifer. It is the water nature acting as the 

universal solvent since it has the ability to dissolve numerous amounts of substances. Nevertheless, this 

can be a problem as water will be vulnerable in exposure to pollution. Hence, this study is going to 

investigate the possibility of water being polluted with the presence of certain substances in a water 

body. 

In a condition where too much nutrients, mostly contributed from nitrogen will cause nutrient 

pollution. Nutrient pollution usually happens in areas where there are agriculture industry conducted. 

Based on UN-Water (2017), one of the main sources of nitrogen pollution is ammonia [1]. Ammonia 

pollution is potentially possible to affect biodiversity by having an impact of nitrogen accumulation on 

plant species diversity and composition among affected habitats. Species composition can be affected 

by ammonia through soil, direct toxic which leads to the damage of leaves, drought and pathogens. If 

this continues to happen, changes in composition would increase and extinction could happen. 

Furthermore, freshwater ecosystem can be contaminated causing from a direct agricultural run-off 

which will lead to eutrophication. Eutrophication will give a negative impact on the aquatic livings 

since it contains an excessive amount of nutrients in a water body which will increase the growth of 

algae and in the meantime, eutrophication also will deteriorate the water quality [2]. 

Wood et al., (2017) claims that aquatic animals and plants, as well as the health of the environment 

are significantly affected by the health of water bodies [3]. Environmentalists can determine the factors 

that affecting the water quality either based on natural or human factors with the help of the effective 

water quality monitoring strategies. There are several methods of measuring and monitoring the water 

quality in order to create a decent and healthy aquatic ecosystem. One of the methods is to study the 

resistivity of a water body. Ibrahim (2013) describes the measure of water ability in resisting electrical 

current as water resistivity [4]. The amounts of dissolved salts in a water body affects directly on its 

water resistivity. Low resistivity of water contains high concentration of dissolved salts. Meanwhile, 

high resistivity of water contains low concentration of dissolved salts. Free ions will be created if the 

salts dissolved in the water and the ions created will be able to produce electrical current. Thus, the 

purity of a water sample can be indicated if there is less dissolved salts in the water body.  

Furthermore, water sample will have low resistivity if the conductivity is high. This happens since 

the relationship of water resistivity is reciprocal with conductivity. In order to measure the purity of 

water sample, both methods either resistivity or conductivity, can be applied. For this study, the main 

focus is the solution in alkaline pH range. A strong alkaline solution will have high conductivity. This 

happens due to low concentration of ion in the alkaline solution. High concentration of hydroxide ion 

will result in higher pH which also will bring in high conductivity and low resistivity in the alkaline 

solution. The pH of a solution will significantly change when there is an addition of acid or base to pure 

water. The flow of ions can be measured to determine the resistivity of fluid as well as to determine the 

concentration of ions in solution [5].  

To measure the electrical resistivity of liquid, a soil box resistivity meter can be utilized. When 

choosing a resistance meter, extra care should be taken due to the fact that the equipment involved is 

highly sensitive in order of obtaining accuracy. The electrical current in a solution can be produced 

since there will be a source of voltage applied. The resistivity value can be obtained based on the 

amounts of ions contained in a solution. Electrons are known to be flowing through in a solution by 

ions. Hence, the greater amounts of ions in an alkaline solution will result in a low resistivity. 

2. Materials and Methods 

There were laboratory work required for prepation of phosporus and ammonium nitrogen solution,. 

The ammonium nitrogen and phosphorus solution were prepared in separate way in the Environmental 

Laboratory, and its resistivity value were measured in the Geology and Geophysics Laboratory. 

Before doing an experiment, there are various apparatus must be prepared such as beakers, burets, 

pH metres, ambers bottle,durren, droppers and vials. The material for ammonium nitrogen solution 

prepration that being used was ammoinium sulphate while for phosphorus solution prepration that being 
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used was  potassium phosphate monobasic, KH2PO4. After these two solution prepared, both of it were 

mix together at specific ratio to determine the solution's resistivity. A MILLER-400A resistivity metre 

and a soil box were utilized to measure resisvitiy value. Sulphuric acid, H2SO4, and sodium hydroxide, 

NaOH were the chemicals used as pH adjuster as shown in Table 1. 

Table 1: The solution involved for pH adjuster. 

Solution used Concentration (M) Purposes 

Sulfuric acid 1, 2 pH adjuster 

Sodium hydroxide 1, 2 pH adjuster 

 

Eq. 1 wass used in order to prepare the Ammonium Sulphate and  Standard Solution with various 

concentration:- 

                                                          M1V1 = M2V2     (Eq.1) 

Where 

   M1 = Phosphorus or ammonium nitrogen concentration– stock solution (mg/L) 

V1  =Volume of solution taken from the phosphorus or ammonium nitrogen  

concentration (L) 

   M2 = Required phosphorus or ammonium nitrogen concentration (mg/L) 

   V2  = Volume of volumetric flask (L)  

A 1000 ml of volumetric flask was filled with 2 ml of 1000 mg/L of ammonium nitrogen then filled 

with ultra pure water until reached the mark. The concentration of ammonium nitrogen solution will 

become 2 mg/L. The same method was applied for variable concentration of phosphorus solution. 

Table 2 shows the volume of stock concentration required for the preparation of the various solutions 

concentration 

Ammonium-

Nitrogen or 

Phosphorus stock 

solution 

(1000mg/L) 

2 4 6 8 10 

Concentration of 

dilution solution 

(mg/L) 

2 4 6 8 10 

 

In order to evaluate the resistivity, this study utilised a soil sample on a liquid measurement. In this 

application, four electrodes are employed. This investigation will fill the electrolyte box with the aquatic 

solution. In the typical resistivity measurement, the MILLER-400A electrolyte cage is commonly 

known as the soil box. One of the elements in measuring resistance is the geometry of the electrolyte 

box, and the MILLER-400 using the formula can be calculated by utilising the resistance value: 

                                                           ρ = RA/L     (Eq.2) 

Where 

   ρ = Resistivity (ohm.cm) 

   R = Resistance (ohms) 

   A = Cross-sectional area of the current electrodes (cm ) 
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   L = Separation between the potential electrodes (cm)  

3. Results and Discussion 

This study was focused on developing the calibration graph curve between the mixture of ammonium 

nitrogen and phosphorus concentration to the resistivity value at alkaline  condition started from pH 7.8 

to pH 11.0. The mixture of ammonium nitrogen and phosphorus solutions were tested and analyzed at 

different concentration and pH value. Figure 1 shows the calibration curve that represent the 

relationship between the mixture of ammonium-nitrogen and phosphorus concentration to the resistivity 

at pH 7.8. The x-axis representing the resistivity value and for y-axis represent phosphorus and 

ammonium-nitrogen.. The data shows if the concentration of ammonium nitrogen and phosphrus is 

increasing, the resistivity value is decreasing gradually. The graph shows the minimum value of 

resistivity was 0.624 Ωm at 1000mg/L phosphorus and 2000mg/L ammonium-nitrogen, while the 

maximum value of resistivity was 56.5 Ωm at 2mg/L phosphorus and 20mg/L ammonium-nitrogen. 

The relationship of phosphorus with resistivity inside the of mixture phosphorus and ammonium-

nitrogen at pH 7.8 were phosphorus [P] = 302.86r-1.513 and R² = 0.9567.While the relationship of 

ammonium-nitrogen with resistivity inside the of mixture phosphorus and ammonium-nitrogen at pH 

7.8 were ammonium-nitrogen [𝑁𝐻4
+] = 1362r-1.169 and R² = 0.9825. 

 

Figure 1: Calibration curve of ammonium nitrogen and phosphorus concentration to the resistivity at pH 

7.8 

Figure 2 shows the calibration curve that represent the relationship between the mixture of 

ammonium-nitrogen and phosphorus concentration to the resistivity at pH 9.8. The x-axis representing 

the resistivity value and for y-axis represent phosphorus and ammonium-nitrogen.. The data shows if 

the concentration of ammonium nitrogen and phosphrus is decreasing, the resistivity value is increasing 

gradually. The graph shows the minimum value of resistivity is 0.651 Ωm at 1000mg/L phosphorus and 

2000mg/L ammonium-nitrogen, while the maximum value of resistivity is 49.0 Ωm at 2mg/L 

phosphorus and 20mg/L ammonium-nitrogen. The relationship of phosphorus with resistivity inside the 

of mixture phosphorus and ammonium-nitrogen at pH 9.8 were phosphorus [P] = 302.86r-1.513 and R² 

= 0.8343.While the relationship of ammonium-nitrogen with resistivity inside the of mixture 
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phosphorus and ammonium-nitrogen at pH 9.8 were ammonium-nitrogen [𝑁𝐻4 +]= 1362r-1.169 and R² 

= 0.9546. 

 

Figure 2: Calibration curve ammonium nitrogen and phosphorus concentration to the resistivity at pH 

9.8 

Figure 3 shows the calibration curve that represent the relationship between the mixture of 

ammonium nitrogen and phosphorus concentration to the resistivity at pH 11. The x-axis representing 

the resistivity value and for y-axis represent phosphorus and ammonium-nitrogen. The data shows if 

the concentration of ammonium-nitrogen and phosphorus increasing, the resistivity value decreasing 

gradually. The graph shows the minimum value of resistivity is 0.657 Ωm at 1000mg/L phosphorus and 

2000mg/L ammonium-nitrogen, while the maximum value of resistivity is 28.5 Ωm at 2mg/L 

phosphorus and 20mg/L ammonium-nitrogen. The relationship of phosphorus with resistivity inside the 

of mixture phosphorus and ammonium-nitrogen at pH 11.0 were phosphrous[P] = 302.86r-1.513 and 

R² = 0.8343. While the relationship of ammonium-nitrogen with resistivity inside the of mixture 

phosphorus and ammonium-nitrogen at pH 11.0 were ammonium-nitrogen [𝑁𝐻4
+] = 1362r-1.169 and 

R² = 0.9546. 
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Figure 3: Calibration curve of ammonium nitrogen and phosphorus concentration to the resistivity at pH 

11.0 

In general, the higher pH value of solution, the higher resistivity value at alkaline conditions. The 

higher the concentration of the phosphorus and ammonium-nitrogen, the lower the resistivity value in 

the solution. 

4. Conclusions 

The study of the relationship between the mixture of ammonium-nitrogen and phosphorus to the 

electrical resistivity in alkaline condition was succesfully conducted. The presences of ion significantly 

affect the electrical resistivity. Various concentration of ammonium nitrogen and phosphorus were 

prepared and the resistivity value have been determined by the laboratory experiment that conducted in 

environmental laboratory and geophysical laboratory. The developments of calibration graph were 

based on the relationship between the concentration of ammonium-nitrogen and the value of electrical 

resistivity. The data result can be used on site in future to determine the concentration of phosphorus 

and ammonium-nitrogen immediately based on calibration curved.  
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