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A study was proposed with a new analysis routine performed for a month for the electrical conductivity and total
organic carbon (TOC) parameters of the water used in the pharmaceutical industry based in the metropolitan area of
Goiania (central region of Goias, Brazil) in order to evaluate the water quality according to the current legislation. In

this sense, daily conductivity and TOC tests were carried out both in purified water and in water for injections during
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the month of March 2022. The result for the TOC analysis in purified water and water for injections was acceptable.
For conductivity analysis in purified water and water for injections, there were samples with critical values to the upper
limit, exceeding that specified by the Pharmacopoeia. Therefore, it is concluded that, for TOC analysis, the results
are within the acceptance range; however, for conductivity, it will be necessary to open a failure analysis report to
investigate possible analytical errors. The results presented open future perspectives regarding the rigor of the need

for maintenance and qualification in the equipment of the quality control laboratory and to establish the validity of the
system of purification, storage, and distribution of water used in pharmaceutical industries.

INTRODUCTION

Water is widely used in the pharmaceutical sector, being
used in the most diverse stages of the production process, whether
as a vehicle or raw material or for cleaning utensils and equipment
(BRASIL, 2005; da Silva et al., 2008; Schymanski et al., 2015;
Sumanth and Moin, 2015). Due to the chemical structure of water
and its ease in forming hydrogen bonds, it becomes an excellent
medium to solubilize, absorb, adsorb, or suspend various types of
compounds (ANVISA, 2019a; Fatta et al., 2007; Gaur et al.,2011).
Thus, in the pharmaceutical industry, water is of fundamental
importance in several stages of the production process, being used
as a raw material in about 90% of the manufactured products, for
example, as a vehicle in pharmaceutical formulations (Carvalho
et al., 2013; Petrovic et al., 2003). If contaminated, the water
can interfere with the quality of medicines, causing product loss,
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undesirable pharmacological effects, and damage to the company,
since it is one of the main components in the preparation of several
liquid pharmaceutical forms, whether oral or parenteral (Cesario,
2013; Clementino et al., 2008; Kataoka, 2003; Pimenta et al.,
2006). In the pharmaceutical area, quality control and constant
monitoring of water quality are required by law for healthcare
establishments, laboratories, pharmacies, and the pharmaceutical
industry (Carvalho ef al., 2013).

Therefore, to ensure the quality of medicines, the water
used must have a considerable degree of purity, which can be
obtained through the proper selection, installation, and validation
of water purification processes, as well as distribution and storage
systems (Moreno et al.,2011). Most of the contaminants in purified
water come from contamination in the drinking water used in
its production and materials and components of the purification
system, whose removal is extremely important to guarantee the
quality of the water produced and to avoid overloading elements
in the system of purification, such as filters and membranes (Alves,
2013; BRASIL, 2013).

The technology to be used in water purification depends
on the type of water to be obtained. To reduce the risks of chemical,
biological, or microbiological contamination, the requirements of
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good manufacturing practices (GMP) are applied, which are always
being updated. Ion exchange, reverse osmosis, and ultrafiltration
are the most common and reliable methods for obtaining purified
water, while the distillation process or another method of equal or
superior technology is used for water purification if the objective
is to obtain water for injectables (ANVISA, 2013). In addition,
the combination of different analytical methods for treating and
obtaining water will give rise to different treatment systems that
are frequently used in the pharmaceutical industry, with the aim of
obtaining water that fully meets the legally required specifications
depending on its use (Brandao, 2015; Trick et al., 2008).

The electrical conductivity of water suggests the con-
tamination of inorganic ions, such as minerals. It is a numerical
formula that demonstrates the ability of water to conduct electric
current, being conditioned to the temperature and the absolute
concentration of ionizable dissolved matter. For example, chloride
ions, which through soil and rock leaching, can be incorporated
into groundwater and in high concentrations change the electri-
cal conductivity level of the water established by legislation (dos
Santos, 2017). According to Benedetti (2012), the determination
of TOC is also an important parameter for assessing water quali-
ty. This parameter is used in order to evaluate water for pharma-
ceutical use in industrial productions by quantifying the organic
compounds present in the samples; therefore, the presence of TOC
in a sample can indicate contamination of water by synthetic com-
pounds, the flow of carbon in the system, the presence of biolog-
ical contaminants by the formation of biofilms, the poor state of
conservation, and the inefficiency of a purification system. There-
fore, a study was proposed with a new analysis routine performed
daily for a month for the electrical conductivity and TOC param-
eters of the water used in pharmaceutical formulations of the en-
teral and injectable route in order to evaluate the conformity of
its production and use in accordance with the principles of GMP,
current legislation, and physical-chemical standards provided by
the Brazilian Pharmacopoeia.

MATERIALS AND METHODS

Sample collection

Samples were collected daily, during the 31 days of
March 2022, in a pharmaceutical industry based in the metropolitan
area of Goiania (central region of Goias, Brazil), which produces
parenteral, enteral, and injectable drugs. This month was chosen
because it is a critical period of rain and floods in the region,
causing a greater possibility of contamination of water supply
sources, and therefore requiring better quality control. To carry
out the collection of samples, strategic points were determined in
the industry. During the collection, the water was discarded for +3
minutes before starting the procedure of definitive collection of
500 ml of water for each point. All samples of purified water were
collected in a properly cleaned polyethylene bottle and, in the case
of water for injections, in sterilized bottles (Conrado and Cordeiro,
2006; USP, 2017). The samples were transported in isothermal
boxes, which were taken to the physical-chemical laboratory of
the industry to proceed with the conductivity and TOC analyses.

Table 1. Purified water test results.

Collect TOC Conductivity
Ist day 0.256 mg/1 1.5 uS/ecm
2nd day 0.249 mg/1 1.5 uS/cm
3rd day 0.329 mg/1 1.4 pS/cm
4th day 0.366 mg/1 1.4 pS/cm
Sth day 0.276 mg/1 1.4 uS/cm
6th day 0.366 mg/1 1.3 pS/cm
7th day 0.212 mg/1 1.3 uS/cm
8th day 0.375 mg/l 1.3 uS/cm
9th day 0.286 mg/1 1.3 uS/cm
10th day 0.299 mg/1 1.2 uS/ecm
11th day 0.299 mg/1 1.2 uS/cm
12th day 0.308 mg/1 1.2 uS/ecm
13th day 0.319 mgl 1.2 pS/cm
14th day 0.339 mg/1 1.2 uS/em
15th day 0.299 mg/1 1.2 pS/cm
16th day 0.301 mg/1 1.2 uS/ecm
17th day 0.298 mg/1 1.2 uS/cm
18th day 0.338 mg/1 1.2 uS/ecm
19th day 0.335 mg/l 1.2 uS/ecm
20th day 0.233 mg/1 1.2 uS/ecm
21st day 0.218 mg/l 1.2 uS/ecm
22nd day 0.298 mg/1 1.2 uS/ecm
23rd day 0.301 mg/1 1.1 uS/em
24th day 0.218 mg/1 1.1 pS/cm
25th day 0.244 mg/1 1.1 uS/ecm
26th day 0.260 mg/1 1.1 uS/cm
27th day 0.277 mg/1 1.1 uS/cm
28th day 0.354 mg/1 1.1 uS/cm
29th day 0.343 mg/1 1.2 uS/cm
30th day 0.370 mg/1 1.2 uS/ecm
31st day 0.264 mg/1 1.1 uS/ecm

Physicochemical analysis and statistical treatment

In the TOC analysis, a Mettler Toledo model 450 device
was used. The equipment was stabilized with a pressure of 200
kPa and a gas flow regulator at 150 ml/minute, and the water level
of the internal humidifier was checked. Then, the calibration curve
was created with five points, and the direct reading was performed
in a beaker containing 50 ml of water from all the bottles collected
(USP, 2017). In the electrical conductivity test, the potentiometric
method used a conductivity meter 912 model, Metrohm brand.
The conductivity meter was calibrated using a standard solution
provided by the instrument manufacturer. Then, 50 ml of water
sample was transferred to a beaker, taken to the equipment, and,
then, the conductivity was determined by direct reading in uS/
cm (APHA, 2005). The Action Stat software (Quality version)
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Figure 1. Boxplot graphic display for the (a) TOC and (b) electrical conductivity results in purified water tests.

developed by Estatcamp was used in the statistical treatment of the
data (Estatcamp, 2014).

RESULTS AND DISCUSSION

Purified water

Table 1 lists all the purified water samples collected and
their respective test results, of which the maximum acceptable limit,
according to the Brazilian Pharmacopoeia, is 0.50 mg/1 for the TOC
test and 1.3 puS/cm for electrical conductivity. Through the boxplot
graphs, we can show, discuss, and carry out studies of the values
obtained when compared to the acceptable values for the TOC and
conductivity tests. According to Montgomery (2014), the boxplot
chart displays data on central tendency, dispersion, distance from
symmetry, and observations far from most data (outliers or outliers),
consisting of a rectangular box containing the first quartile (Q1), with
25% of the total data, the second quartile (Q2 or median) with 50% of
the data, and the third quartile (Q3) with 75% of the total data and lines
(whiskers) marked outside the rectangle, one below Q1 and another
above Q3, representing the minimum and maximum values. Figure
1 was used to assess whether the TOC and conductivity results of
the collected samples remained within specification. According
to the descriptive summary of the statistical measures, a standard
deviation of 0.047 was obtained, that is, below 5%, and there was no
point above the acceptable limit. In addition, the trend line follows
the average value, that is, without large variations for the minimum
and maximum values.

For the TOC test, the upper specification limit (USL),
according to the Brazilian Pharmacopoeia, is a maximum of 0.50 mg/I,
so it is observed that there were no samples with values that exceeded
the allowed, and the test was, therefore, in compliance (Fig. 1a). In the
electrical conductivity test of purified water, which has a USL equal
to 1.3 uS/cm, there were samples that presented readings above the
specified limit (Fig. 1b). These extreme data occurred in the first five
readings, resulting in a higher value for the standard deviation of the
readings performed, exceeding 10%. Thus, it is essential to verify the
variation of the result in order to investigate the cause of the increase
in dissolved salts in the water, which can indirectly suggest the origin
and degree of contamination by inorganic compounds. Another factor
is to evaluate the results presented in the descriptive summary of the
boxplot chart and then use this water in the production of medicines.
In the monograph of Porto (2017), values were found on average
of 0.8 uS/cm for water conductivity, taking into account the same
maximum limit of up to 1.3 pS/cm.

According to GMP principles, all equipment must be
properly qualified when it is installed and also during its operation and
performance (ANVISA, 2019b). This means that the equipment must
be calibrated as described by the manufacturer and also periodically
monitored during its operation. Therefore, when unexpected
deviations occur in the values of the results, one must first assess
whether this equipment complied with the qualification conformities
(Cesario, 2013). It is also important to verify causes related to the
conditioning of the water in the period between the sample collection
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Table 2. Descriptive summary for TOC and electrical conductivity in
purified water.

Statistical Measure TOC Conductivity
Minimum 0.212 1.1
Average 0.297742 1.229032
Median 0.299 1.2
Maximum 0.375 1.5
SDM 0.008479 0.020317
SD 0.047210 0.113118
Variance 0.002229 0.012796

Table 3. Water for injection test results.
Collect TOC Conductivity
Ist day 0.191 mg/1 0.9 uS/cm
2nd day 0.108 mg/1 0.9 uS/cm
3rd day 0.235 mg/1 1.4 uS/cm
4th day 0.108 mg/1 0.6 uS/cm
Sth day 0.309 mg/1 0.7 uS/cm
6th day 0.398 mg/1 0.5 uS/cm
7th day 0.145 mg/1 1.2 uS/em
8th day 0.158 mg/1 1.1 pS/ecm
9th day 0.165 mg/1 0.9 uS/cm
10th day 0.189 mg/1 0.6 uS/cm
11th day 0.139 mg/l 0.8 uS/cm
12th day 0.485 mg/1 0.9 pS/cm
13th day 0.102 mg/1 0.9 uS/cm
14th day 0.249 mg/1 0.8 pS/cm
15th day 0.167 mg/1 0.8 uS/cm
16th day 0.490 mg/1 0.8 uS/cm
17th day 0.307 mg/1 0.9 uS/cm
18th day 0.160 mg/1 1.1 uS/em
19th day 0.470 mg/1 1.1 uS/cm
20th day 0.400 mg/1 1.1 uS/cm
21st day 0.118 mg/l 1.1 uS/cm
22nd day 0.123 mg/l 1.1 uS/cm
23rd day 0.128 mg/1 0.9 uS/cm
24th day 0.114 mg/1 0.9 uS/cm
25th day 0.158 mg/1 1.0 uS/ecm
26th day 0.282 mg/1 1.0 uS/cm
27th day 0.345 mg/1 1.0 uS/em
28th day 0.278 mg/1 0.9 uS/cm
29th day 0.225 mg/l 1.0 uS/ecm
30th day 0.241 mg/1 1.0 pS/cm
31st day 0.158 mg/l 1.0 uS/cm

and the physical-chemical laboratory as it is necessary to prevent the
water from suffering variations in temperature and pH. These changes
cause the ionization of water molecules, increasing the concentration
of H" and OH™ ions and, thus, modifying the conductivity values. The
presence of carbon dioxide and chloride and ammonium ions in the
water are also relevant factors, as they can be considered impurities
and change the conductivity values (Porto, 2017).

Through the descriptive summary of the statistical
measures, it was possible to briefly evaluate the data obtained,
such as minimum and maximum values, mean, standard deviation,
and variance (Table 2). As previously mentioned, in addition to the
highest value for the standard deviation in the conductivity test,
the approximate value of 0.013 was also observed for the variance
in this same test, being again higher when compared to the TOC
test, due, naturally, to the number of readings with values distant
from the value of 1.23, referring to the mean.

Water for injections

The results referring to the water for injection samples
(Table 3) were obtained under the same analytical conditions and
evaluated according to the same acceptance limit compared to
the purified water samples described in Table 1. The dispersion
of the values obtained for the analysis of TOC and electrical
conductivity of water for injections is shown in Figure 2. For
TOC, where the trend line is oriented towards the lower limit,
there is a minimum value of 0.102 mg/l and a maximum of
0.490 mg/l, so it appears that all values are within acceptable
limits according to the legislation (Fig. 2a). However, in the
conductivity analysis, the reading on the third day of analysis
showed a value of 1.4 puS/cm, exceeding the USL of 1.3 uS/
cm (Fig. 2b). According to the analyses by Moreira (2017), the
value of the standard deviation of the mean of the TOC test of an
analyzed point of water for injections was 0.027 mg/l, showing
little variation when compared to the value of 0.021 mg/l, as
presented in the descriptive summary of water for injections
(Table 4). Daily monitoring for the release of water for production
is carried out through physical-chemical tests of water: electrical
conductivity of water and TOC. These tests cover a wide range
of organic and inorganic contaminants and are parameters that
ensure the maintenance of the desired water quality in terms of
physical and chemical aspects (Moreira, 2017).

The standard deviation of the mean was 0.03 in the
conductivity test; however, due to the result of the sample with a
critical value for the upper range exceeding that specified by the
Brazilian Pharmacopoeia, the possible causes of noncompliance
in the qualification of equipment will be investigated and the
GMP through an investigation proposed from a failure analysis
report. This report, proposed by quality assurance, conducts
an investigation of possible failures of the processes involved
in water quality with the objective of solving deviations and
preventing future problems that may influence the formulations.
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Figure 2. Boxplot graphic display for the (a) TOC and (b) electrical conductivity results in water for injections tests.

Table 4. Descriptive summary for TOC and electrical conductivity in
water for injections.

Statistical Measure TOC Conductivity
Minimum 0.102 0.5
Average 0.230483871 0.932258065
Median 0.189 0.9
Maximum 0.49 1.4
SDM 0.021241969 0.033243027
SD 0.118270275 0.185089342
Variance 0.013987858 0.034258065

CONCLUSION

Physical-chemical parameters of water for pharmaceu-
tical purposes were reported, exposing the results obtained from
the analysis of TOC and electrical conductivity through statistical
methods to inspect the quality of purified water and water for in-
jections. Some of the electrical conductivity values showed points
above the USL, requiring the opening of an RAF to investigate
the possible deviations that caused the change in these values. The
results presented open future perspectives regarding the rigor of
the need for maintenance and qualification in the equipment of
the quality control laboratory and to establish the validity of the
system of purification, storage, and distribution of the water used
in pharmaceutical industries, contributing to the improvement of
the quality of the water used as a vehicle in pharmaceutical for-
mulations.
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