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Abstract. This work shows a chemical analysis of various types of water used in 
pharmaceutical production in terms of hydrogen ion concentration (pH), electrical 
conductivity, anion and cation content, and content of organic and inorganic carbon 
compounds. Based on the results obtained, two diagrams of the dependence of pH and 
electrical conductivity on temperature were constructed. As the temperature rises, the 
pH values   for tap, purified, injection and deionized water decrease and the electrical 
conductivity values   increase. Water samples were analyzed by capillary electrophoresis 
(CE), and electrophoregrams (EPG) of tap water were obtained, on which the following 
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ions were detected: Na+ (107.2 mg/dm3), Mg2+ (18.00 mg/dm3), Ca2+ (42.40 mg/
dm3), NO2

-(47.35 mg/dm3), NO3
-(237.0 mg/dm3), F-(6.980 mg/dm3), PO4

3- (3.205 mg/
dm3). Also, Phosphate ions were found in purified water at 0.788 mg/dm3. No ions 
were found in samples of deionized and injection water. Using the TOC-L analyzer, 
the concentration of total carbon in tap, purified, deionized and injection water was 
determined and amounted to 28.16 mg/l, 0.3289 mg/l, 0.1833 mg/l, 0.06446 mg/l, 
respectively. Thus, the chemical analysis of water samples according to these indicators 
shows the suitability of using these waters on the production line.

Keywords: Hydrogen ion concentration, electrical conductivity, organic and 
inorganic carbon compounds, anions, cations
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өткізгіштігі, аниондар мен катиондардың құрамы және көміртектің органикалық 
және бейорганикалық қосылыстарының құрамы сияқты көрсеткіштер бойынша 
фармацевтикалық өндірісте қолданылатын әртүрлі су түрлеріне химиялық 
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температураға тәуелділігінің екі диаграммасы жасалды. Температураның 
жоғарылауымен ағынды, тазартылған, инъекциялық және деионизацияланған 
судың рН мәні төмендейді, ал электр өткізгіштік мәні артады. Капиллярлық 
электрофорез (КЭ) әдісімен су сынамасына талдау жүргізілді, су құбыры 
суының электрофореграммалары (ЭФГ) алынды, оларда мынадай иондар 
табылды: Na+ (103,3 мг/дм3), Mg2+ (17,80 мг/дм3), Sr2+ (0,807 мг/дм3), Ca2+ (41,52 
мг/дм3) NO3

-(237,0 мг/дм3), NO2
-(47,35 мг/дм3), F-(6,980 мг/дм3), PO4

3- (3,205 мг/
дм3). Тазартылған суда PO4

3- (0,788 мг/дм3) табылды. Деионизацияланған және 
инъекциялық су сынамаларында иондар табылған жоқ. TOC-L анализаторының 
көмегімен ағынды, тазартылған, деионизацияланған және инъекциялық судағы 
жалпы көміртектің концентрациясы анықталды және сәйкесінше 28.16 мг/л, 
0.3289 мг/л, 0.1833 мг/л, 0.06446 мг/л, құрады. Осылайша, осы көрсеткіштер 
бойынша су сынамаларына жүргізілген химиялық талдау осы суларды өндірістік 
желіде пайдалануға жарамдылығын көрсетеді.

Түйін сөздер: Сутегі иондарының концентрациясы, электрөткізгіштік, көмір-
тек тің органикалық және бейорганикалық қосылыстары, аниондар, катиондар
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Аннотация. В данной работе представлен химический анализ различных типов 
воды, используемых в фармацевтическом производстве по таким показателям, как 
концентрация ионов водорода (рН), электропроводимость, содержание анионов 
и катионов, и содержание органических и неорганических соединений углерода. 
По полученным результатам были построены две диаграммы зависимости рН и 
электропроводимости от температуры. При повышении температуры значения 
рН для водопроводной, очищенной, инъекционной и деионизированной воды 
уменьшаются, а значения электропроводимости увеличиваются. Проведен 
анализ проб воды методом капиллярного электрофореза  (КЭ), получены 
электрофореграммы (ЭФГ) водопроводной воды на которых обнаружены 
следующие ионы: Na+ (103,3 мг/дм3), Mg2+ (17,80 мг/дм3), Sr2+ (0,807 мг/
дм3), Ca2+ (41,52 мг/дм3) NO3

-(237,0 мг/дм3), NO2
-(47,35 мг/дм3), F-(6,980 мг/

дм3), PO4
3- (3,205 мг/дм3). В очищенной воде обнаружен PO4

3- (0,788 мг/дм3).  В 
пробах деионизированной и инъекционной воды ионов не было обнаружено. С 
помощью TOC-L анализатора была определена концентрация общего углерода в 
водопроводной, очищенной, деионизированной и инъекционной воде и составила 
28.16 мг/л, 0.3289 мг/л, 0.1833 мг/л, 0.06446 мг/л,  соответственно.  Таким образом, 
проведенный химический анализ проб воды по данным показателям показывает 
пригодность использования этих вод на производственной линии. 

Ключевые слова: концентрация ионов водорода, электропроводимость, 
органические и неорганические соединения углерода, анионы, катионы

Introduction
Water is widely used as raw material, ingredient, and solvent in processing 

and manufacturing processes, as well as a component in drug formulations, active 
pharmaceutical ingredients (APIs), intermediates, and analytical reagents (Hideharu, 
2016: 203–214).

The term "water" is used to refer to drinking water freshly collected directly from 
a public water source and suitable for drinking. The water used in the pharmaceutical 
industry and related industries is divided into the following types: drinking water 
(suitable for drinking), purified water, purified sterile water, water for injection, sterile 
water for injection, bacteriostatic water for injection, sterile water for irrigation and 
sterile water for inhalation.

The chemical composition of drinking water is diverse, and the nature and 
concentration of impurities in it depend on the source from which it is taken (Maria, 
2016: 724–733). For pharmaceutical use, drinking water is in most cases purified by 
distillation, ion exchange, reverse osmosis, or other processes suitable for the production 
of purified water (Cornelius, 2021: 6058). For a number of purposes, water that meets 
pharmacopoeia requirements other than those for purified water (for example, water for 
injection) is required.

Water is chemically stable in all of its physical states (ice, liquid and vapor). Water 
that has been treated at a pharmaceutical plant and enters the storage tank must meet 
certain requirements. The main task in the design and operation of the water storage 
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and distribution system is to prevent the deviation of its quality indicators from the 
permissible limit values. In particular, the storage and distribution system must protect 
the water from contamination by ions and organic molecules, which can lead to an 
increase in the electrical conductivity of water and an increase in its level of total organic 
carbon, respectively.

The purpose of this work was to assess the quality of water for production by such 
chemical parameters as the concentration of hydrogen ions (pH), electrical conductivity, 
the content of organic and inorganic carbon compounds, as well as the determination of 
the content of anions and cations.

Materials and methods: 
Determination of pH. This indicator is determined by the potentiometric method, in 

accordance with the State Pharmacopoeia of the Republic of Kazakhstan (SP RK), v. 1, 
p. 41.

Determination of electrical conductivity. The electrical conductivity is measured 
using a conductometer while simultaneously recording the temperature in accordance 
with the State Pharmacopoeia of the Republic of Kazakhstan (SP RK), v.2, p. 165.

Determination of the amount of organic and inorganic carbon compounds. Works 
on the determination of limited and inorganic carbon compounds in the composition of 
water are carried out on the analyzer TOS-L according to the approved method of the 
manufacturer (Christian, 2002: 43–47).

Determination of the content of anions and cations. Works on the determination of 
anions and cations in the composition of water are carried out on capillary electrophoresis 
(CE) "KAPEL-105M" according to the approved method of the manufacturer (Fukushi, 
2019: 1606).

Results
One of the main requirements for water, which is used in the production of biological 

products, is its pH, determined by the activity of hydrogen ions in the solution, which 
quantitatively expresses its acidity.

The analysis was carried out on different types of waters according to the SP RK, v. 
1, p. 41. on a pH-meter MARK-901 with increasing temperature. 
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The results obtained, presented in Figure 1 in terms of pH for deionized, injection 
and purified water, are within the allowable values   according to the State Pharmacopoeia 
of the Republic of Kazakhstan (SP RK). The data in the diagram shows that as the 
temperature rises, the pH value decreases.

The second requirement for assessing water quality is its electrical conductivity, 
which is determined by the presence of charged particles in it. The determination of the 
electrical conductivity of various types of water was carried out in accordance with the 
SP RK, v.2, p. 165, using an ANION 4100 conductometer with increasing temperature.
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Based on the obtained results of the conductometer, a diagram of the dependence 
of electrical conductivity on temperature was constructed (Fig. 2). As can be seen 
from Figure 2, the readings of the conductometer for all types of water are within the 
allowable values. For example, according to the requirement for injection water, the 
electrical conductivity is 1.1 µS/cm at a temperature of T = 20.0°C, while the result 
of the analysis showed 1.0 µS/cm. The results of the diagram clearly prove that with 
increasing temperature, the electrical conductivity of water increases.

The next analysis was the determination of the content of cations and anions in water 
using capillary electrophoresis "Kapel-105M", the results of which are presented below 
in the form of electrophoregrams (EPG) (Figure 3–4).
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Number Time Component name Height Begin End Area Concentration
1 3.965 Sodium 5.295 3.710 3.975 383.0 107.2
2 4.900 Magnesium 7.931 4.863 5.015 101.5 18.00
3 6.210 Calcium 3.395 6.192 6.565 262.6 42.40

Figure 3a - EFG of tap water (cations)
Number Time Component name Height Begin End Area Concentration

1 2.320 Nitrite 6.588 2.260 2.352 69.03 47.35
2 2.493 Nitrate 28.412 2.450 2.548 295.8 237.0
3 2.617 Fluoride 2.718 2.590 2.670 36.50 6.980
4 2.845 Phosphate 0.797 2.832 2.893 6.897 3.205
5 3.110 6.395 2.980 3.253 280.3

Figure 3b - EFG of tap water (anions)

The following cations were found on the EFG of tap water: sodium (107.2 mg/dm3), 
magnesium (18.00 mg/dm3), calcium (42.40 mg/dm3) (Fig. 3a) and anions: nitrite (47.35 
mg/dm3), nitrate (237.0 mg/dm3), fluoride (6.980 mg/dm3), phosphate (3.205 mg/dm3) 
(Fig. 3b). EPG of tap water (anions) also revealed an indefinite anion with an area of 
280.3.

 

Number Time Component 
name Height Begin End Area Concentration

1 2,972 Phosphate 0.309 2.950 2.998 1.697 0.7886
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Based on the EPG data, no cations were found in purified water, while the presence 
of phosphate ions with a concentration of 0.7886 mg/dm3 is observed (Figure 4).

When receiving injection water by distillation of purified water, the phosphate ion 
found on the EPG of purified water and cations were absent.

When analyzing deionized water, ions (anions and cations) were also not detected.
The next parameter in assessing water quality was the determination of the amount 

of organic and inorganic carbons in water using the TOC-L analyzer, the results of 
which are presented in the form of graphs (Figure 5).

Fig. 5 - Results of determining the content of organic and inorganic carbons
Note: a, c, e, g - total carbon content; b,d,f,h - content of inorganic carbons.

Figure 5 shows graphs of total carbon content and inorganic carbon content. In 
tap, purified, deionized and injection water, the total carbon content (a, c, e, g) was 
28.16 mg/l, 0.3289 mg/l, 0.1833 mg/l, 0.06446 mg/l, respectively, while the content of 
inorganic carbon compounds (b, d, f, h), represented by carbonate ions and dissolved 
dioxide, for the same types of water was 26.03 mg/l, 0.2095 mg/l, 0.1424 mg/l, 0.04648 
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mg/l, respectively. The concentrations of organic carbon associated with other atoms, 
usually hydrogen and oxygen atoms, in the studied water samples are determined by 
the difference between the concentration of the total carbon content and the content of 
inorganic carbon compounds and amounted to 2.13 mg/l, 0.1194 mg/l, 0 .0409 mg/l, 
0.01798 mg/l, respectively.

Discussion
This paper presents the results of analyzes to assess the chemical parameters of 

different types of water used in the production of biological products. The waters used 
in the production of biological products must meet the special requirements described 
in the State Pharmacopoeia, in terms of such parameters as pH, electrical conductivity, 
the content of cations and anions, and the content of organic and inorganic carbon 
compounds.

The main factors determining the quality of water are its electrical conductivity and 
the concentration of hydrogen ions. According to the results of this work, the electrical 
conductivity of water increases with increasing temperature. This is due to the speed 
of ions, a decrease in their solvation, and a decrease in viscosity (Masaki, 2004:119–
128). Whereas the concentration of hydrogen ions (pH) decreases with increasing 
temperature. This, in turn, is associated with different dissociation of hydrogen ions 
(Н+) (Iman, 2018: 23–24).

Table 3. Maximum allowable values   of hydrogen ions (pH) and electrical conductivity 
for different types of water.

Name Hydrogen ion concentration 
(pH)

Electrical conductivity

Purified water

5,0–7,0

From 2.4 µS/cm at 00С to 10.2 µS/cm at 1000С
Injection water From 0.6 µS/cm at 00С to 3.1 µS/cm at 1000С

Deionized water 0.055 µS/cm
Tap water From 100 to 2000 µS/cm

Based on the maximum permissible concentration (MPC) presented in Table 3, we 
can conclude that the values of the electrical conductivity of tap, purified, deionized 
and injection water are within acceptable values. The results of the concentration of 
hydrogen ions (pH) of purified, deionized and injection water also meet the requirements. 
Whereas, the result of the pH of tap water is 8.18 ± 0.00019, therefore, it exceeds the 
MPC.

There is a work in the literature where an analysis was carried out to assess the 
effectiveness of treatment facilities and the quality of drinking water. Using a portable 
digital multi-parameter probe, results were obtained on such indicators as pH and 
electrical conductivity of tap water, where pH showed a value of 6.88 ± 0.05 and 
electrical conductivity of 170.6 ± 0.1 μS/cm (Belay, 2021: 1–8). If we compare the 
values   obtained by the author with the required values   of the SP RK, it can be argued 
that these readings do not exceed the MPC. Another example is the work to assess 
the quality of surface water from the city of Skardu in Pakistan using a water quality 
index. In this study, the pH results ranged from 7.26 to 7.98, with an average value 
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of 7.67. Whereas the electrical conductivity readings varied from 150 to 780 µS/cm. 
The results obtained in this literature in terms of electrical conductivity do not exceed 
MPC. However, the pH values   exceed the MPC, which is associated with a higher 
concentration of acid ions and salts in spring water (Wazir, 2021: 20537–20548).

In recent years, the use of capillary electrophoresis for the analysis of various types 
of water has expanded significantly, due to higher resolution, shorter analysis time, less 
reagent consumption, and greater ease of operation. The literature reports numerous 
applications of CE for the determination of alkali and alkaline earth cations (Foret, 
2015: 780; Weston, 2015: 593; Koberda, 2014: 235–240) and common inorganic anions 
(Bowser, 2013: 257–264; Jones, 2014: 445; Wildman, 2012: 459; Vera, 2012: 169–180) 
in various aqueous media. However, since CE separation is based on the difference 
in the electrophoretic mobility of the analytes, the determination of fast anions and 
cations in the same run under normal CE conditions was practically impossible. 
But due to the improvement of analyzers for the determination of ions, to date, the 
simultaneous determination of cations and anions has become possible. So, in the 
literature there is a work of simultaneous determination of inorganic anions and cations 
in tap water by capillary electrophoresis with a non-contact conductivity detector with 
capacitive coupling (C4D) of the system, and the following ions were obtained on the 
electrophoregram: Cl-, SO4

2-, Na+, Ca2+, Mg2+ [Michel A. (2000): 89-100]. Another 
example is a new approach for the simultaneous CE separation of inorganic anions and 
cations based on sample injection by electromigration from both ends of the capillary 
and indirect UV detection. So, after analyzing tap water, the author found the following 
ions: Cl- (21,4), SO4

2-(39,0), HCO3
-(186,0), Na+(17,9), Ca2+(66,3), Mg2+(19,8) [Tamisier-

Karolak S.L. (2000): 487-498]. As a result of our work, the presence of the following 
ions in tap water was also found: Na+ (107,2), Mg2+(18.00), Ca2+(42,40), NO2

-(47,35), 
NO3

-(237,0), F-(6,980), PO4
3-(3,205). Along with the above ions, an unidentified anion 

was also found with a peak area of   280.3. Phosphate ion PO4
3- (0.7886) was found in 

purified water, which indicates insufficient purification of tap water, but no ions were 
found in deionized and injection water.

The concentration of total organic carbon in samples is widely used to characterize 
the organic pollution of water bodies (Han-Saem, 2020: 3901). In particular, the content 
of organic carbon is commonly used to assess the quality of environmental aquatic 
systems, to check sources of pollution of aquatic environments, and to monitor and 
evaluate organic micro-pollution of drinking water. In the literature there is a work 
(Yiming, 2010: 789–795) based on the study of the effect of physical sterilization on 
the determination of organic carbon content. In this study, a new method for sterilizing 
water samples was developed - microfiltration of 0.45 µm in combination with UV 
radiation. The results showed that this method is able to have a bactericidal effect on the 
water sample while significantly reducing the negative impact on the analysis of organic 
carbon content. The following results were obtained by the author: the total carbon 
content in tap water is 58.99 ± 0.23, the content of inorganic carbon is 31.81 ± 0.79, the 
content of organic carbon is determined by subtracting the content of inorganic carbon 
from the total carbon content and amounted to 27.18 ± 0.56. As a result of our work, the 
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total carbon content in tap water is 28.16 mg/l, the content of inorganic carbon is 26.03 
mg/l, based on this, the content of organic carbon was 2.13 mg / l. Another example is 
the work on monitoring dissolved organic carbon in surface and drinking waters. In this 
literature, analysis to determine the concentration of organic substances in rivers, sludge, 
filter and wastewater from plants was measured using a portable analyzer (TOC). The 
results on the content of organic carbon compounds in river water ranged from 2.15 to 
11.90 mg/l, the average value was 4.00 mg/l. In addition, water samples were regularly 
sent to the laboratory and analyzed using a high-temperature analyzer (TOC Shimadzu 
analyzer). The results ranged from 2.51 to 10.1 mg/l. Data comparison showed good 
agreement between the two analyzers (Christian, 2002: 43–47).

Conclusions
Water is extensively used in the pharmaceutical, biopharmaceutical and life sciences 

industries for a variety of purposes, such as raw material, ingredient, and solvent in 
the processing, formulation, and production of a wide range of finished products, as 
APIs and intermediates, and analytical reagents. Therefore, regulatory requirements 
for quality control of various types of water throughout the entire production, storage 
and distribution process, including microbiological and chemical quality, are very high. 
Lack of control over any of the parameters of drinking, purified or water for injection 
can lead to the loss of expensive biological products or medicinal substances.

As a result of our work, we can draw the following conclusions:
– pH values   in all water samples, except for tap water, do not exceed MPC and fully 

comply with the requirements of the SP RK.
- the values   of electrical conductivity in all the studied water samples do not exceed 

the MPC and fully comply with the requirements of the SP RK.
– according to the content of cations and anions in tap water, the following ions were 

found: Na+ (107.2 mg/dm3), Mg2+ (18.00 mg/dm3), Ca2+ (42.40 mg/dm3), NO2
- (47.35 

mg/dm3), NO3
-(237.0 mg/dm3), F- (6.980 mg/dm3), PO4

3- (3.205 mg/dm3). In purified 
water, a phosphate ion with a concentration of 0.788 mg/dm3 was observed. No ions 
were found in injection and deionized water.

– the following results were obtained for the content of organic and inorganic 
carbon: in tap, purified, deionized and injection water, the total carbon content was 
28.16 mg/l, 0.3289 mg/l, 0.1833 mg/l, 0.06446 mg /l, the content of inorganic carbon 
compounds was 26.03 mg/l, 0.2095 mg/l, 0.1424 mg/l, 0.04648 mg/l, respectively. The 
concentration of organic carbon compounds was 2.13 mg/l, 0.1194 mg/l, 0.0409 mg/l, 
0.01798 mg/l, respectively.

Based on the above results, we can conclude that the waters used on the production 
line fully comply with the requirements for the above indicators and comply with the 
requirements of the State Pharmacopoeia of the Republic of Kazakhstan.
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