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Abstract:- In the present work, a spectrophotometric 

method was used for the determination of phosphorus 

in water samples from artesian wells of cities in the 

southwest of Bahia-Brazil. The method was based on 

the reaction of ammonium molybdate in acid medium 

with orthophosphate ions to form a complex, after 

reduction with ascorbic acid and quantification by 

spectrophotometry. The maximum wavelength of the 

complex formed was at 880 nm. The calibration curve 

showed a linear relationship between phosphorus 

concentrations and absorbance in the concentration 

range of 0.04 to 1.0 mg L-1 with a linear correlation 

coefficient equal to 0.993. The method quantification 

limit was evaluated at 0.04 mg L-1. The addition and 

phosphorus recovery tests showed that there was no 

matrix interference in the procedure. The RSD value 

was less than 0.07% and recovery was within the range 

of 97.2 to 98.8%, indicating good precision and 

accuracy of the method. The phosphorus concentration 

in the samples analyzed was between 0.134 ± 0.002 to 

1.106 ± 0.053 mg L-1, exceeding the maximum limit 

established by CONAMA for freshwater, belonging to 

Class I.  
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I. INTRODUCTION 
 

Groundwater is of fundamental importance in public 

and private water supply worldwide. Around 1.5 billion 

people living in urban centers and a large portion of the 

rural population have their needs supplied by groundwater 

[1].  
 

The main advantages of using underground water are 

related to (i) the low cost of well construction in contrast to 

the cost of surface water abstraction works, (ii) the supply 

alternative for small and medium urban populations or 

rural communities and (iii) the fact that it generally 

presents good quality for human consumption [2]. 
 

In Brazil, the distribution of underground water, like 

rainfall, is not uniform throughout the country.  Some 

regions have an abundance of this resource and others have 

extreme scarcity. The amount of water available in the 

country is sufficient to meet the demand for water needed 

for the use of the Brazilian population, however, a large 

part of the people do not have access to this benefit [3].  
 

Currently, the monitoring of phosphorus in water has 

been considered extremely relevant in public policies that 

deal with water quality as a life-sustainer and for public 

supply purposes [4]. This nutrient may be present naturally 

in water by dissolution of rocks, decomposition of organic 

matter, by the soil, among others, and may be caused by 

human action, through the discharge of untreated effluents 

and the use of chemical fertilizers in agriculture [5]. 

Although phosphorus is very important for all forms of 

life, the excess in water is responsible for the process of 

eutrophication, which causes the accumulated growth of 

algae and heterotrophic bacteria, modifying the physical-

chemical character of water, reducing the amount of 

dissolved oxygen and precipitating heavy metals such as 

iron [6]. 
 

UV-VIS spectrophotometry has been widely 

employed for the determination of chemical species in 

various samples and evaluation of their possible toxic 

effects. The technique has as its principle the quantitative 

measurement and analysis of specific light spectrum used 

in biological and physicochemical investigations. The 

concentrations in the analyzed solutions are defined from 

the amount of light absorbed during the process. 
 

In view of the above, the present work aimed to study 

a method for determining the concentration of soluble 

phosphorus in water samples from artesian wells in the 

southwestern region of Bahia using UV-VIS 

spectrophotometry as an analytical technique. 
 

II. EXPERIMENTAL  METHODOLOGY  
 

The samples were collected in glass vials previously 

washed with diluted hydrochloric acid and rinsed several 

times with ultrapure water. In order to preserve them until 

the moment of the analysis, the samples were filtered and 

stored under refrigeration at 4°C. The analyses were 

performed in the Analytical Chemistry Laboratory of the 

University Southwest Bahia, Campus de Vitória da 

Conquista, where 5 samples of artesian well water from the 

following municipalities were analyzed: José Gonçalves, 

Veredinha, Barra do Choça, Itarantim and Cândido Sales.   
 

Each sample was analyzed in triplicate, with the 

objective of evaluating the precision of the method applied. 

In the samples identified by the letters A, B, C, D, and E, 

the phosphorus concentrations were determined. 
 

The experimental procedure consisted in the 

preparation of a calibration curve using standard 

phosphorus solutions with concentrations between 0.0 and 

1.0 mg L-1. Subsequently, 8.00 mL of a reagent mixture 

consisting of 60.00 mL of H₂SO₄ 2.5 mol L-1, 20.00 mL of 

C8H4K2O12Sb2, 20.00 mL of (NH4)6Mo7O24 and 0.7000 g 
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of C6H8O6 was added to these solutions. The blank solution 

was made following the previous procedure, i.e., using all 

reagents except the phosphorus stock solution. After 

preparing the solutions, the absorbance was determined for 

each known concentration and the graph of the calibration 

curve was drawn to obtain the straight line equation and 

the respective correlation coefficient. 
 

To prepare the samples, each was filtered using a 

system composed of a Buchner funnel, a kitassat, and a 

vacuum pump. After filtration, 50.00 mL of the sample 

was pipetted and transferred to a 125 mL erlenmeyer flask. 

Using a pasteur pipette, two drops of the 0.1% (w/v) 

phenolphthalein indicator were added to the samples. Each 

sample was then titrated using 3 mol L-1 NaOH solution 

until the titrate changed color. After titration the samples 

were neutralized with H2SO4 solution. Subsequently, 8.00 

mL of the reagent mixture was added to each sample. After 

that, a 10 minute interval was allowed for the reaction to 

take place. 
 

The absorbance measurements for phosphorus 

determination were performed in a UV-VIS 

spectrophotometer (Celm, E 225D visible) using 1 cm 

silicate glass cuvettes with a wavelength equal to 880 nm. 

Finally, the samples had the phosphorus concentrations 

determined by interpolation to the previously prepared 

calibration curve. 
 

III. RESULTS AND DISCUSSION  
 

The method used for phosphorus determination was 

based on a specific reaction for ortho-phosphate ions, using 

previously filtered water samples. All forms of phosphorus 

present in natural waters, whether in ionic or complexed 

form, are found in the form of phosphate [7]. 
 

Ammonium molybdate was reacted in an acid 

medium with the orthophosphate ions so that formation of 

ammonium phosphomolybdate occurred. Ascorbic acid 

was employed to reduce the product formed to a complex 

of intense blue coloration. As the reduction reaction with 

ascorbic acid is relatively slow, the reaction speed was 

increased by employing potassium antimony double 

tartrate to act as a catalyst. The color of the complex 

formed was shown to be proportional to the phosphorus 

concentration.   
 

The graphical representation of the wavelength 

values (X) versus absorbance allowed the determination of 

the maximum absorbance value of the complex formed at 

880 nm, as shown in Figure 1. 

 

 
Fig. 1: Absorption spectrum of the blue phosphorus 

complex formed 
 

The linearity of the method was evaluated to 

characterize the ability to obtain results directly 

proportional to the concentration of phosphorus in the 

sample, within a specific range [8]. For this purpose, 

different solutions with exact and known concentrations of 

PO4
3- were introduced into the spectrophotometer, and the 

instrumental response was recorded.  This response was 

corrected for the value obtained with the blank, which 

measured the response of the analytical method for 

impurities or interfering species in the reagents. This 

parameter was measured by statistical analysis of variance, 

obtaining significant results for the linear regression and 

non-significant results for the linearity deviation (p < 0.05). 
 

Thus, the calibration curve was constructed with the 

purpose of obtaining a mathematical relationship between 

absorbance and concentration. This relationship was found 

by means of the straight line equation shown in Table 1. 

The correlation coefficient found for the mean curve was 

0.993, demonstrating a linear response of the equipment 

for the concentration range used in obedience to Beer's 

law. 

 

Parameter Results 

Linearity range (mg L-1) 0.040 a 1.0 mg L-1 

Equation of the straight line Y = 0.721 [PO4
3-] – 0.021 

Slope (b) ± standard deviation 0.021 ± 0.124 

Slope (a) ± standard deviation 0.721 ± 0.82 

Correlation Coefficient (R) 0.993 

Table 1: Data referring to the linearity of the method 

studied 
 

The sensitivity of the method was analyzed by 

determining the limits of detection (LD) and quantification 

(LQ). For these parameters the calculated values were 

0.015 and 0.040 mg L-1, LD and LQ, respectively. 

Analyzing the LQ value lower than the minimum 

concentration established in the quantification interval, it 

can be seen that the applied method presents excellent 

sensitivity. 
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The precision, expressed as relative standard 

deviation of ten determinations, was equal to 0.07%. This 

parameter was evaluated in a water sample with a PO4
3- 

concentration of approximately 0.50 mg L-1.  
 

The accuracy was evaluated by addition and recovery 

tests of PO4
3- in water samples. The samples showed 

recovery of PO4
3- ranging from 97.2% to 98.8%. The 

results obtained indicate that the method has a good 

accuracy and did not suffer any influence of the matrix on 

the analytical procedure applied. 
 

Table 2 shows the mean concentrations of 

phosphorus determined in water samples A, B, C, D, and E 

from artesian wells.  Along with the concentration values, 

the respective standard deviations are presented, 

considering that all samples were analyzed in triplicate to 

evaluate the precision of the measurements.  
 

It can be observed that the phosphorus concentration 

determined in the samples ranged between 0.134 ± 0.002 

and 1.106 ± 0.053 mg L-1 as shown in Table 2. There is no 

Brazilian legislation related to the maximum amount of 

phosphorus allowed in waters from artesian wells intended 

for human consumption. However, the Dutch legislation 

determines that the level of phosphorus in underground 

waters does not generate problems when its concentration 

is equal or lower than 0.05 mg L-1 [9]. 

 

Sample Concentration (mg L-1) 

A 1.106 ± 0.053 

B 0.143 ± 0.001 

C 0.157 ± 0.001 

D 0.135 ± 0.001 

E 0.134 ± 0.002 

Table 2: Mean values of phosphorus concentrations       

(mg L-1) with their respective standard deviations in the 

analyzed artesian well samples 
 

The results obtained in this study showed that all 

samples have phosphorus concentrations above 0.05 mg L-

1. These concentration values, suggest that the analyzed 

water samples are not indicated for human consumption. 

The concentration values found in this study were similar 

to those reported by [9], in which 25% of the samples from 

artesian wells analyzed had phosphorus concentration 

values higher than those recommended by Dutch 

legislation.   
 

Artesian wells located in agricultural areas have 

higher phosphorus values when compared to wells located 

in urban areas [10]. This fact highlights that the water from 

artesian wells can be altered depending on where it is 

drilled. In this context, the use of fertilizers in rural areas 

favors the contamination of water tables, consequently 

increasing the concentration of phosphorus in the water. 

Among the samples analyzed, sample A presented the 

highest concentration of phosphorus. This fact can be 

justified due to the location of the artesian well, which has 

crops in its surroundings and, consequently, the 

contamination by phosphorus may have been caused by 

widely used fertilizers.  
 

According to Resolution No. 357/2005 of the 

National Council of Environment (CONAMA), freshwater, 

belonging to class I, intended for domestic supply (after 

simplified treatment), irrigation of vegetables and fruits 

that are consumed raw, among other requirements, must 

have a total phosphorus content of up to 0.025 mg L-1.  
 

Thus, given this data, it is possible to observe that the 

analyzed waters present a phosphorus concentration above 

the maximum limit allowed. Although the studies of water 

quality for irrigation depend on a set of physical, chemical 

and biological characteristics, it is possible to affirm that 

the water samples analyzed are not appropriate for 

irrigation as far as the concentration of phosphorus is 

concerned. 
 

IV. CONCLUSION 
 

The values of phosphorus determined in the samples 

of artesian well water exceeded the levels considered 

appropriate for human consumption, which can lead to a 

series of diseases. The values of phosphorus concentration 

determined in the samples also indicated that they are not 

appropriate for the practice of irrigation in crops. 
 

ACKNOWLEDGMENT 
 

UESB; FAPESB. 

 

REFERENCES 
 

[1.] DATTA, B.; CHAKRABARTY, D.; DHAR, A. 

Simultaneous identification of unknown 

groundwater pollution sources and estimation of 

aquifer parameters. Journal of Hydrology, v. 376, n. 

1-2, p. 48–57, set. 2009. 

[2.] SINGH, R. M.; DATTA, B.; JAIN, A. Identification 

of Unknown Groundwater Pollution Sources Using 

Artificial Neural Networks. Journal of Water 

Resources Planning and Management, v. 130, n. 6, 

p. 506–514, nov. 2004. 

[3.] REIS, P. T. B. DOS; MATTOS, U. A. D. O.; DA 

SILVA, E. R. Gestão de resíduos sólidos urbanos 

em municípios do Brasil: Uma revisão dos métodos 

de avaliação. Revista Internacional de Ciências, v. 6, 

n. 2, 22 dez. 2016. 

[4.] ELIAS, M. A.; SIEGLOCH, A. E.; 

AGOSTINETTO, L. Intoxicação aguda por 

agrotóxicos organofosforados: uma revisão 

integrativa. Research, Society and Development, v. 

11, n. 9, p. e11611931606, 4 jul. 2022. 

[5.] JALALI, M. Hydrochemical Identification of 

Groundwater Resources and Their Changes under 

the Impacts of Human Activity in the Chah Basin in 

Western Iran. Environmental Monitoring and 

Assessment, v. 130, n. 1-3, p. 347–364, 14 dez. 

2006. 

[6.] CHANDNANI, G. et al. A comprehensive analysis 

of contaminated groundwater: Special emphasis on 

nature-ecosystem and socio-economic 

impacts. Groundwater for Sustainable Development, 

v. 19, p. 100813, nov. 2022. 

http://www.ijisrt.com/


Volume 7, Issue 10, October – 2022                 International Journal of Innovative Science and Research Technology 

                                                                                                                                                                              ISSN No:-2456-2165 

 

IJISRT22OCT973                        www.ijisrt.com                   1636 

[7.] DE, F. Fundamentos de limnologia. Rio De Janeiro, 

Brasil: Editora Interciência, 1998.M. Young, The 

Technical Writer’s Handbook. Mill Valley, CA: 

University Science, 1989. 

[8.] SKOOG, D. A. et al. Fundamentos de química 
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