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A B S T R A C T 
Introduction: Urine has multiple chemical compounds and salts that are often related to 
the patient's symptoms. These compounds have various functional groups that determine 
the urinary pH accompanied by the electrolyte balance. Objective: The present study 
aimed to compare the pH parameter obtained by two brands of test strips with the 
potentiometric method, also associating it with urinary osmolarity. Materials and 
methods: 80 urine samples from apparently healthy patients were studied, in which no 
exclusion criteria were considered. To measure pH, two commercial brands coded as 
TR1 and TR2 and a Thermo Scientific Orion Lab Star PH111 peachimeter were used. 
Results: neither of the two brands coincided with the pH value obtained by the 
peachimeter, and there was also variability between both for the same sample. No 
correlation was observed between the pH measured by the test strips and urinary 
osmolarity. The TR2 brand showed pH values in 16 of the 80 samples, obtaining pH 
values between 7.7 and 8.1 in these same samples with the peachimeter. In 9 of these 16 
samples mentioned the pH values were below 6.5 with the TR1 brand. Conclusions: It 
is evident that there is a lot of discrepancy when establishing the urinary pH by reagent 
strips when it is close to 7, for this reason it is advisable to establish a criterion to report 
only this parameter as layered or alkaline if it is not measured by peachimeters. 
 
Keywords: Potentiometer, Solutes, Functional group, Urinary osmolarity

R E S U M E N  
Introducción: La orina posee múltiples compuestos químicos y sales que en muchas ocasiones están relacionadas con la clínica del 
paciente. Ese compuesto posee diversos grupos funcionales que condicionan el pH urinario acompañado del balance de electrólitos. 
Objetivo: El presente estudio tuvo como objetivo comparar el parámetro de pH obtenido por dos marcas de tiras reactivas con el 
método potenciométrico asociándolo además a la osmolaridad urinaria. Materiales y métodos: Se estudiaron 80 muestras de orina 
de pacientes aparentemente sanos, en la que no se consideró ningún criterio de exclusión. Para la medición del pH se emplearon dos 
marcas comerciales codificadas como TR1 y TR2 y un peachímetro marca  Thermo Scientific Orion Lab Star PH111. Resultados: 
ninguna de las dos marcas coincidió con el valor de pH obtenido por el peachímetro, existiendo además variabilidad entre ambas 
para una misma muestra. No se observó correlación entre el  pH medido por las tiras reactivas y la osmolaridad urinaria. La marca 
TR2 arrojo valores de pH en 16 de las 80 muestras, obteniendo en estas  mismas muestras valores de pH entre 7.7 y 8.1 con el 
peachímetro. En 9 de estas 16 muestras mencionadas los valores de pH fueron por debajo de 6.5 con la marca TR1. Conclusiones: 
Se evidencia que existe mucha discrepancia a la hora de establecer el pH urinario por tiras reactivas cuando está cerca de 7, por tal 
razón es recomendable estables un criterio para reportar solo este parámetro como acodo o alcalino si no es medido por peachímetros. 
 
Palabras claves: Potenciómetro, Solutos, Grupo funcional, Osmolaridad urinaria
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I N T R O D U C C I Ó N 

Urine is an aqueous solution greater than 95% 
water, with a minimum of these remaining 
constituents, in decreasing order of concentration: 
urea sodium chloride, potassium, creatinine, other 
dissolved ions, inorganic compounds, proteins, 
hormones and metabolites (Figure 1) (Rodríguez 
et al., 2018). The urine is sterile until it reaches the 
urethra, where the epithelial cells lining the urethra 
are colonized by facultative anaerobic bacteria. 
Other substances can be excreted in the urine due 
to injury or infection of the glomeruli of the 
kidneys, which can alter the ability of the nephron 
to reabsorb or filter the different components of the 
blood plasma (Kristin and Drury, 2013). 
 
 

 
Figure 1. Molecular structures of a) Urea, b) 
Creatinine, c) Uric Acid and d) Calcium Oxalate 
present in urine. Its contractions are conditioned by 
various factors, including hydration and kidney 
paralogy. Investigation 2023-2024.  
Figura 1. Estructuras moleculares de a) Urea, b) 
Creatinina, c) Ácido Úrico y d) Oxalato de Calcio 
presentes en la orina. Sus contracciones están 
condicionadas por diversos factores, entre ellos la 
hidratación y la paralogía renal. Investigación 2023-
2024. 
 
On the other hand, chemical analysis is carried out 
with reagent strips and generates results that are 
obtained in seconds; these, upon contact with the 
substances in the urine, produce chemical 
reactions that are reflected in changes in color 
proportional to the concentration of the substances 
and expressed in qualitative and semi-quantitative 
results. One of these parameters is pH. Generally 
urine is slightly acidic, its value ranging between 5 
to 6.5; this parameter varies according to the blood 

acid-base balance, kidney function and, to a lesser 
extent, diet, drugs and sample exposure time 
(Benitez et al., 2013; Lippi et al., 2013). Urine is 
alkaline when its pH is greater than 7, as occurs in 
vegetarian diets, ingestion of diuretics, respiratory 
alkalosis, vomiting, distal renal tubular acidosis or 
type I and in those cases where urea is converted 
into ammonia and the pH increases as It occurs in 
late processed urine and in infections by Proteus 
spp, which produces ammonia thanks to the action 
of urease (Hayi et al., 2016; Kolouri et al., 2017). 
On the other hand, when the urine has a pH less 
than 7 it is considered acidic and occurs due to high 
protein diets, diabetic ketoacidosis, Escherichia 
coli infections, fever, respiratory acidosis, aciduria 
due to mandelic and phosphoric acid, 
administration of drugs such as amphotericin. B, 
spironolactone and NSAIDs (Diviney, 2021; 
Tasoglu, 2022). However, at the clinical laboratory 
level, a variety of commercial brands of reagent 
strips are used whose reports include that on some 
occasions the urine can have a pH of 7 (neutral), 
for this reason this study seeks to show that the 
urinary pH of 7, this is usually an erroneous value 
when reporting this parameter using test strips. 
 
 
 
M A T E R I A L E S   Y   M É T O D O S 

Research type and design 
Descriptive and transversal research, who sought 
to carry out the comparison of the potentiometric 
method for pH measurement versus the reagent 
strip of two commercial brandsusing to carry out 
saidcomparison, osmometry (OSM), 
methodconsidered a reference for evaluating the 
renal concentration and dilution capacity. 
 
Biological Sample 
80 urine samples from apparently healthy patients 
were analyzed. The sample collection was carried 
out considering all hygiene standards in a 
completely sterile screw-on urine collector. The 
urine sample was a partial urine, without any 
inclusion criteria or prior preparation. 
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Determination of osmolarity 
Determination of osmolarity urinary is based on 
the measurement of osmotic pressure between the 
urine sample and a solvent. An osmometer was 
used (Advanced micro-osmometer model 3300, 
Advanced Instruments, Inc. Handling and use of 
the osmometer was carried out according to the 
manufacturer's instructions. 
 
Determination of pH by reagent strips 
A pH test strip is a strip of litmus paper with which 
you can measure the pH value of a liquid. The 
substance contained in the paper causes it to show 
a different color depending on the acidity. The 
official pH scale goes from 0 to 14, where 0 is very 
acidic and 14 is very alkaline. Some pH test strips 
can measure pH from 0 to 14, but there are also pH 
test strips that can only measure acidic or only 
alkaline substances. 
 
Two brands of test strips were used, which for 
ethical reasons were called TR1 and TR2, which 
have the capacity to measurement of 10 
parameters), which present an area to measure 
various pH scales with color variation in 0.5 
intervals units. The handling and use of the strips 
reagents were carried out following the 
manufacturer specifications. The reading of the 
test strips were made visually according to the 
color scale provided by the manufacturer. 
 
Statistical analysis 
Descriptive statistics were applied expressing the 
data as means and standard deviation. For the 
comparison of the methods evaluated the test was 
applied by Tukey. The “r” of the line was 
calculated correlation. 
 
 
R E S U L T A D O S   Y   D I S C U S I Ó N 

Table 1 shows the descriptive statistics of the pH 
values obtained by the pechimeter using the test 
strips from two commercial companies. According 
to the table, the average is different in all cases. A 
key aspect in this analysis is that all the pH values 
measured with TR1 and TR2 were different from 

those obtained with the peachimeter, and were also 
different from each other for the same sample. 
With TR2, 16 of the 80 samples showed pH, when 
measured by the peachimeter it was between 7.6 
and 8.1. Now, it is known that the most important 
difference between a pH test strip and a pH meter 
is the accuracy of the measurement (Delanghe and 
Speeckaert, 2014; Nouvenne et al., 2014). 
However, at a clinical level it is more practical to 
use test strips. This widespread use has led to 
incorrect pH values being reported on some 
occasions (on many occasions’ values of 7), due to 
the comparison to a color scale made by the analyst 
(Constable et al., 2009; Erdogan-Yildirim et al., 
2011. This allows us to establish that pH test strips 
are therefore very useful for quickly determining 
whether a solution is acidic or alkaline, but are not 
suitable for making precise measurements (Siener 
et al., 2021; Gnatova et al., 2023). 
 
Table 1. Statistical analysis of the pH obtained by the 
two methods  
Tabla 1. Análisis estadístico del pH obtenido por los 
dos métodos 
      Methods             Poten.      TR1         TR2 

            N                     80            80           80 
Mean                 6.5925      6.6163      6.5725 
SD                     1.2214      1.2192      1.1987 
Variance            1.4918      1.4864      1.4370 
C.V.                   18.527      18.427      18.239 
Minimum           4.5000      4.3000      4.0000 
Median               6.8000      6.9000      6.7000 
Maximum           8.4000      8.5000      8.6000 

SD: standard deviation CV: Coefficient of variation 
Source: Investigation 2023-2024 
 
Figure 1 shows the relationship between pH and 
urinary osmalarity, in which there is a significant 
negative relationship (r= 0.9431 and p<0.001). 
This relationship is possible since osmolarity 
measures the concentration of solutes in a solution, 
that is, it is determined by the number of particles 
present in the solution. For this reason, it is 
common to observe pH values below 7 with high 
osmolarities compared to alkaline urine. For this 
reason, these two parameters can be associated 
since determination of urinary osmolarity is 
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considered the reference method to evaluate the 
kidney's ability to concentrate or dilute urine. 
 

 
Figure 1. Association of pH by the potentiometric 
method and urinary osmolarity 
Figura 1. Asociación del pH por el método 
potenciométrico y la osmolaridad urinaria 

 

Figure 2a and 2b show that the relationship 
between urinary osmolarity and the pH value 
obtained by TR2 is more associated with the 
behavior obtained by the peachimeter. For TR2, I 
evidenced dispersion between various pH values 
for a specific value of osmolarity, that is, the same 
osmolarity value for several pH values. De 
Coninck et al.,(2018), in their study “Evaluation of 
a portable urinary pH meter and test strips”, used 
77 aliquots of urine from healthy volunteers 
measuring urinary pH through the use of test strips, 
a pH meter portable and a laboratory pH meter 
(gold standard). The researchers indicate that the 
findings of this study support that the portable 
electronic pH meter is a reliable pH measurement 
device and appears to be more accurate compared 
to test strip readings. 
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Figure 2. Relationship between the pH parameters obtained by test strip and urinary osmolarity  
Figura 2. Relación entre los parámetros de pH obtenidos por tira reactiva y la osmolaridad urinaria 
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Raskin et al., (2022), conducted a study comparing 
home monitoring methods for measuring the pH of 
feline urine, they found that portable pH meters are 
excellent for monitoring urine pH at home, as long 
as attention is paid to the maintenance of the 
electrodes. Urine can be collected at home and 
kept refrigerated, and pH can be reliably measured 
within 24 hours using the reference method or a 
portable pH meter. Finally, Johnson, Lulich and 
Osborne (2017) evaluated the reproducibility and 
precision of 4 portable pH meters, a test strip and 
pH paper to measure the pH of urine in dogs. They 
found that 3 of the 4 portable pH meters they had 
almost perfect agreement with the reference 
method. The test strip and pH paper had moderate 
to poor agreement with the reference method. 
They conclude that urine pH measurements should 
be performed by using a portable or benchtop pH 
meter when accurate measurements are crucial for 
diagnosis or treatment. Test strips and pH papers 
are useful for obtaining approximations of pH, but 
are not recommended when precise urine pH 
measurements are required. 
 

C O N C L U S I O N E S 

The analyzes show that although the test strips are 
very useful due to their versatility in being able to 
measure various parameters including pH, 
multiple errors must be considered in those cases 
in which they mark a value close to neutrality or 
pH 7. For this reason it is recommended to carry 
out quality controls with more advanced 
measuring instruments in those samples where the 
pH value is not really clear with reagent strips. 
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