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Abstract: The Certified Reference Material (CRM) is mainly used to guarantee the traceability and
reliability of the chemical measurements. In order to develop some CRM that are important to Brazil,
INMETRO is certificating pH buffer solutions, because pH is one of the most important measurements
that are carried out in the laboratories. This work has the aim to show the certification of a pH buffer
solution of potassium hydrogen phthalate, pH 4.00 at 25.0 ºC, prepared at INMETRO and characterized
by the primary pH measurement system. On the other hand, the homogeneity and stability studies were
made using pH meter-glass electrode assembly. The property value of the reference material obtained
after certification was 4.007 ± 0.022, at 25.0 ºC for a shelf life of twelve months.

keywords: Certified reference material, traceability, primary pH measurements.

CERTIFICACIÓN DE UN MATERIAL DE REFERENCIA DE
pH MEDIANTE UN SISTEMA PRIMARIO

Resumen: El material de referencia certificado (MRC) es principalmente utilizado para que sea garantida
la trazabilidad y la confiabilidad de las mediciones químicas. Para desarrollar algunos MRCs que son
importantes para el Brasil, el INMETRO está certificando disoluciones de pH, visto que el pH es una de
las mediciones más importante que están siendo realizadas en los laboratorios. Este trabajo tiene el
objetivo de presentar la certificación de una disolución de pH 4,00 a 25,0 ºC, que es preparada en el
INMETRO y es caracterizada por el sistema primario de la medición de pH. Además, los estudios de la
homogeneidad y estabilidad se fueran realizados utilizándose el conjunto medidor de pH-electrodo de
vidrio. El valor del material de referencia obtenido después de la certificación fue de 4,007 ± 0,022, a 25,0
ºC por el tiempo de doce meses.

Palabras Claves: Material de referencia certificado, trazabilidad, medición primario de pH.

I. Introduction

pH is one of the most used measurements in
the laboratories around the world. It is also
applied in different industrial areas, such as health
care, waste treatment, biotechnology and in the
control of many industrial processes. In such a
way, it can be an useful tool to detect specification
errors in the production line, as well as, to
guarantee the quality requirements of the final

product. So, it is not hard to understand why a pH
measurement used for those purposes must be
reliable, mainly if the products in discussion are
items related to human health, such as medicines,
food and beverage and industrial waste disposal.
And what turns the pH measurement reliable?

The answer is a calibration of the pH meter
following the traceability chain, which must
consider its electrical gauge and its
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electrochemical sensor or electrode. Concerning
the latter, the key element to guarantee the success
of the calibration is the use of a certified reference
material (CRM). CRM is a “reference material,
characterized by a metrologically valid procedure
for one or more specified properties, accompanied
by a certificate that provides the value of the
specified property, its associated uncertainty and a
statement of metrological traceability” [1].

In other words, the CRM is responsible for the
traceability of the measurement. Thus, when
certifying a reference material (RM), a study of the
integrity of the material along time must be
conducted in order to evaluate how the solution
maintains its stability within the bottles during
transportation, storage and use conditions. This
kind of study demands time and is done prior to
the launch of the CRM to the market.

The pH measurement is based on physical
and chemical principles and is carried out through
potentiometric techniques. The potentiometric
technique is the simplest, and the most exact one
and is performed in the tertiary level (using glass
electrodes), in the secondary level (using
differential-potentiometric cell) and in the primary
level (with Harned cells). For accurate
measurements, CRM must be used in the
calibration of the glass electrode. Nevertheless, in
Brazil, there is not yet an established production
of CRM to guarantee the pH measurement
traceability. In order to change this situation, in
2003, the Chemical Metrology Division (Dquim) of
INMETRO, the National Metrology Institute of
Brazil, has started [2] the activities of its primary
pH measurement system, until now, unique in
South America. This system is to be used in the
certification of pH buffer solution, being able to
give the most possible exact value to the pH with
the lowest possible uncertainty.

The comparability of the primary pH
measurements of INMETRO with other national

metrology institutes (NMI) was obtained by the
participation of the Brazilian NMI in the SIM and
CCQM pH comparisons, such as SIM 8.11.P (pH
6.86), SIM 8.11.P1 (pH 4.00), CCQM P52 (pH 10.00)
and CCQM P82 (pH 9.18). In those exercises,
INMETRO presented comparable results mainly
in the measurement of pH 4.00 and 9.18, as can be
seen in Figures 1 and 2, respectively. Moreover,
calibration and measurement capabilities (CMC)
claim, that is an international evaluation process
submitted by the NMI for entry in the
International Bureau of Weights and Measures
(BIPM) database, was granted to the primary pH
measurement of solution of pH 4. For pH 9, the
CMC claim stays under review, being necessary a
bilateral comparison with one NMI that has
participated in that key comparison exercise.

Concerning calibration activities of pH meter
by Dquim, they are offered to industries and
laboratories of the country since 2001, which
include the electrical part of the pH meters and the
calibration of the electrodes with CRM. Also, CMC
claims for calibration were granted to INMETRO
in the range 3 to 8.

Until recently, INMETRO has been using
imported CRM to perform its calibrations of the
pH meters. However, it has been conducting
studies to certify its own CRM. The aim of this
paper is to present one of these studies. It is
discussed how homogeneity and stability tests
were carried out in order to certify CRM for pH
measurement. The material is a phthalate buffer of
nominal pH value of 4.005 at 25.0 oC. A batch of
this solution was prepared and certified at
INMETRO. Its characterization was done using
the pH primary system and with the results of the
homogeneity and stability tests, a statistical
analysis of the data was accomplished according
to ISO Guide 35, which was used for the
estimation of the pH uncertainty.
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Figure 1 . SIM results for measurement of potassium hydrogen phthalate at 25 ºC.
INMETRO is the laboratory number 02.

Figure 2 . CCQM P-82 results for measurement of pH borate solution at 25 ºC.

Materials and Method
The pH measurements for characterization by

using the Harned cell were made on samples
withdrawn from 5 L of potassium hydrogen

phthalate buffer prepared in a 10 L glass container
and homogeneized during 12 hours by a magnetic
plate with a teflon bar inside the container. The
solution was put in HDPE bottles to a volume of
200 mL each. The uncertainty of the measurement
in the Harned cells was estimated according to the



Pag. 4

IUPAC Recomendations 2002 [3], Damasceno et al.
[4], Spitzer et al. [5] and ISO GUM [6]. All the
homogeneity and stability tests were performed
using a pH meter-glass electrode assemblies. For
the homogeneity test, 10 bottles was chosen to be
representative of the sample, according to ISO
Guide 35. After a confirmation that the sample
was homogeneous, four different bottles were
chosen randomly to perform a stability test for six
months. The stability tests included a short-term
stability test at 20.0 ºC and a long-term stability
test at the same temperature. Statistical tests such
as analysis of variance (ANOVA), Grubbs and
Cochran Tests and Regression Analysis were used
to evaluate the results concerning the
homogeneity and stability studies.

Results
Firstly the buffer solution was characterized

by the primary pH measurement system. In Figure
3, it can be seen the primary pH system at
INMETRO, which consists of two thermostatic
baths inside of each there are six Harned cells. The
measurement procedures using the primary pH
measurement system have been described
elsewhere [1]. The pH primary measurements
were carried out at 25.0 oC and the value obtained
for the pH buffer was 4.007 with an uncertainty of
0.008. This characterization of the material was

important to determine its nominal value and to
contribute with a low uncertainty to the final
uncertainty of the CRM.

The analysis of variance for the homogeneity
test is shown in Table 1. The results include
analysis between bottles and within bottle. It is
presented the sum of squares (SS), the degrees of
freedom (GL), the mean square (MS), the
calculated F (FC) and the F-table (FT). As FC was
lower than FT to 95% of confidence, it can be stated
that there is not a significant difference between
bottles, which proves that the material is
homogeneous [7]. Once the homogeneity of the
material was verified, the stability tests were
conducted.

Table 2 presents the results of pH
measurement as function of time, during 161 days
of test. It is shown the mean of five measurements
carried out with the glass electrode, and its
respective standard deviation.

In Table 3 it can be seen the analysis of
variance of the residues accomplished during the
161 days in the bottles chosen randomly. It is
presented the sum of squares (SS), the degrees of
freedom (GL), the mean square (MS), the F and the
P-value. The P-value of the linear regression was
of no significance, as it was bigger than 0.05, to a
confidence level of 95%. This fact points out the
stability of the material.

Figure 3 . The primary pH measurement system at INMETRO.
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Table 1 . Analysis of variance to verify the material homogeneity.
SS* GL⊥ MS# FC FT

Between bottles 2.32 × 10-6 3 7.72 × 10-7 0.032 2.839

Within bottle 9.63 × 10-4 40 2.41 × 10-5

Total 9.65 × 10-4 43
 *SS = Sum of squares; ⊥GL = Degrees of freedom; #MS = Mean Square

Table 2 . pH measurement results obtained during the stability test.
Time (days) Mean Standard deviation

0 4.0076 0.0003
7 4.0049 0.0002
15 4.0017 0.0004
21 4.0159 0.0007
35 4.0072 0.0003
49 4.0072 0.0003
63 4.0103 0.0012
84 4.0044 0.0013

105 4.0028 0.0007
161 4.0084 0.0010

Table 3 . Analysis of variance of the residues to verify the stability of the RM.
SS* GL⊥ MS# F P-value

Regression 7.59 × 10-7 1 7.59 × 10-7 0.04059 0.84543
Residual 0.00015 8 1.87 × 10-5

Total 0.0015
         *SS = Sum of squares; ⊥GL = Degrees of Freedom;#MS = Mean square

Once the homogeneity and stability tests were
performed and the material considered
homogeneous and stable after the statistical
analysis of the results, it was possible to estimate
an uncertainty for the material based on the
combination of three sources of uncertainty: one
obtained from the characterization method, which
was the primary pH measurement; a second one
coming from the homogeneity evaluation and the
third, resulted from the stability analysis. Table 4

shows the uncertainty budget of the candidate for
CRM of pH 4.00. The uncertainty declared in the
certificate is based on the combined uncertainty
multiplied by the coverage factor, k=2, to a
confidence level of 95% [4]. Due to the study
performed, the property value for the CRM of
potassium hydrogen phthalate buffer was
determined as being 4.007 ± 0.022, at 25.0 ºC, for a
shelf life of twelve months.
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Table 4 . Uncertainty budget to certified reference material of pH 4.00.

Quantity
xi

Standard
uncertainty

u(xi)

Sensibility
coefficient

ci

Contribution
u(pH)

Homogeneity 0.0028 1 0.0028

Stability 0.0103 1 0.0103

Characterization 0.0038 1 0.0038

Combined uncertainty                                                                                    0.011

Expanded uncertainty                                                                        0.022  (k=2; 95%)

Discussion
Some statistical tests were used to evaluate the

results from the homogeneity and stability tests of
the RM to be certified. The analysis of variance
(ANOVA) and Cochran test were used to verify
the homogeneity of the variances. With the
Grubbs test it was possible to accept the data and
the analysis of residues was a tool to qualify the
stability of the batch [8].

The homogeneity test is important to access
the physical and chemical properties of the
material. It can be demonstrated by the
homogeneity of the group of bottles and also the
homogeneity inside each bottle. The latter is one of
the components to be included in the estimation of
the uncertainty of the RM.

The stability may be defined as the capability
of a material to maintain a certain property
between specific boundaries for a certain time,
when stored in specific conditions [9]. Thus, the
stability test aims to investigate if there is
repeatability in the property determination as
function of time. Such investigation may be
performed applying a analysis of variance in
partnership with a residues analysis. By the
analysis of variance (Table 3), it is evaluated if the
linear regression of the values presents any
tendency, observing the slope. As there was not a
significant change in this parameter, the material
was considered stable. Figure 4 presents
graphically the residues distribution, where it is
possible to assert that the residues are randomly
distributed. This fact supports that the material
may be considered stable.



Figure 4 . Expected values and residues obtained during the stability test.

In the stability studies, the regression line
showed a value of the intercept of 4.007 and for
the slope of minus 5.7 × 10−6; the standard error of
the intercept of the regression line obtained was
2.83× 10−5/day which confirm the stability of the
material. These results were necessary to
determine the uncertainty of the CRM stability.
According to ISO Guide 35, the combined
uncertainty of the CRM is made up from three
contributions: the one related to the homogeneity
studies, the one related to the stability test and the
one related to the characterization test. The
following uncertainty values were obtained in this
work: for homogeneity, uH = 0.0028; for 1 year
stability, uS = 2.83× 10−5 × 365 = 0.0103295; and for
characterization, 0.0038. Therefore, the combined
uncertainty obtained for the CRM studied was
0.011, and so the expanded uncertainty with k = 2
for 95% of confidence was 0.022.

Conclusions
Certified Reference Materials (CRM) are

unquestionably important to guarantee the correct
measurement of a quantity. Depending on the
declared uncertainty of the CRM, it may
considerably contribute to the combined
uncertainty, thus turning the CRM into a major
source of uncertainty in a measurement process.
Concerning the chemical metrology area, CRM
have also gained great attention. In this area,

when a Reference Material (RM) is intended to be
certified, a conscious experimental study must be
conducted prior to the composition of the
certificate, mainly because the material is usually
an aqueous solution and its properties must be
conserved for a certain time. This paper presented
the steps that are important to follow in the
certification of a RM. It is discussed the case of a
RM for pH measurement, a work done at the
Chemical Metrology Division of INMETRO, the
National Metrology Institute of Brazil. In order to
certify the material, it was studied its homogeneity
and stability and it was characterized by the pH
primary measurement system of INMETRO. Some
statistical tools were used in the homogeneity and
stability studies, like the analysis of variance
(ANOVA), Cochran and Grubbs tests and the
residual analyses. After the tests, the material was
considered homogeneous and stable and the
certified value obtained was 4.007 ± 0.022 (k = 2, to
a confidence level of 95%) at 25.0 °C with an
expiration time of one year. The studies
concerning RM continue at INMETRO and doing
so, the NMI aims to establish a traceability chain
in the country to guarantee the reliability of pH
measurements carried out by national
laboratories.
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