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REVIEW OF METHODS FOR PREPARING HIGHLY PURIFIED WATER
FOR INJECTIONS. ENVIRONMENTAL ASPECTS

The development of the pharmaceutical industry is important for humanity because it ensures a better standard of
living. The development of new drugs makes it possible to overcome diseases that were previously considered incurable.
One of the key aspects of ensuring the proper quality of medicines is the use of water of appropriate quality. According to
the State Pharmacopoeia of Ukraine, water is classified as purified water, highly purified water, and water for injection.
The latter is subject to the most stringent requirements, such as the complete absence of pyrogens, organic and inorganic
impurities, and sterility. It is used to prepare injection solutions and other medicines that are administered directly into the
bloodstream, so inadequate water quality can cause adverse reactions in the body or even pose a threat to the patients life.

Water for injections is a key component in the production of sterile medicinal products for parenteral, ophthalmic, and
inhalation use. It can also be used to prepare solutions for cell culture growth and to flush production equipment. The highest
quality requirements are imposed on it, which in Ukraine are regulated by the provisions of the State Pharmacopoeia of Ukraine,
harmonized with the relevant provisions of the European Pharmacopoeia. According to these documents, water for injections
must not contain any impurities that could cause a negative reaction in the body or reduce the effectiveness of the drug. One of
the main requirements is the complete absence of microorganisms and pyrogens, i.e., the water must not cause infection of the
body or cause an increase in body temperature, increased heart rate, nausea, and other side effects when administered.

Historically, distillation was the only legally approved method of obtaining water for injections in various countries,
as it ensured the effective removal of bacteria and endotoxins from water. However, the development of membrane
water treatment technologies has changed the approach to the development of WTI systems. In 2017, the European
Pharmacopoeia allowed the use of reverse osmosis in combination with electrodeionization or ultrafiltration as a method
equivalent to distillation. In 2024, the Ministry of Health of Ukraine took into account the changes in the European
Pharmacopoeia, and the use of membrane methods became possible at pharmaceutical enterprises in Ukraine.

Key words: distillation process, multi-stage distillation, steam compression distillation, higher-temperature steam,
evaporation column.
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OIJISI] METO/AIB MIATOTOBKHY INMIMBOKOOOYUINEHOI BOJIH
JIJIA TH’EKIII. EKOJIOTTYHI ACIIEKTH

Poseumor ghapmayesmuynoi npomMuciosocmi € 8axdciugum OJsi 100Cmed, OCKIIbKU 3a0e3neyye Kpawjuil pieeHb
arcummst. Pozpooka nosux npenapamie pooume MoKHCIUSUM NOOONAHHS X60POO, WO PAHIUE 88AICATUCH HEGUTIKOBHUMIL.
OOHUM 13 KIIOUOBUX ACNEKMI6 3a0e3neueHH s HANeNHCHOI AKOCMI JIKAPChKUX 3ac00i8 € UKOPUCTAHHS 600U 8I0N0GIOHOI
saxocmi. 3eiono 3 [epocasrnoro @apmarxonecio Yipainu, 6o0a kiacudixyemocs Ha 600y ouuyery, 800y 8UCOKOOYUUEHY
ma 800y 01 iH’'e€kyiu. JJo ocmanHbOi 8UCYBAIOMbCA HAUCYBOPIWl 8UMO2U, MAKi AK NOBHA BIOCYMHICMb NIPOCeHIs,
OOMIUOK OP2AHIYHO20 A HEOP2AHIUHO20 NOXOONHCEHH MAd CmepulbHicms. Bona sukopucmosyemuocsa 01 Npu2omysants
iH €KYIIHUX PO3UUHIE MA [HUUX JIKAPCOKUX 3AC00i6, WO 86005IMbCsL 0€3N0CEPEOHbO Y KPO8, MOMY HeslONO8IOHA AKICMb
600U MOJICE UKTUKAMU NOOIYHI pearyii opeanizmy abo Ha8imb CIMAHOSUMU 3A2PO3Y JHCUMMSL NAYIEHMA.

Booa o5 in’exyiii € K110106UM KOMNOHEHMOM NPU BUPOOHUYMET CMEPUNLHUX KAPCOKUX 3AC00I6 0151 NAPEHMEPATbHO20,
opmanvmonoziunoeo ma iHearAYiliHo20 3acmocysants. Taxkodxc 60HA MoOdice BUKOPUCIOBYBAMUCL O/ NPUSONYBAHHS
PO3UUHY O pocmy KIIMUHHUX KVIbmMyp ma NpOMUBAHHA UpOOHUY020 o0bnaoHanusA. o ii axocmi eucysaromvcs
Hatieuwi gumozu, wjo 8 Ykpaini pecnamenmyiomscs noioxceunamu Jlepocasnoi @apmaronei Ykpainu, 2apmonizosanumu
3 8i0nosionuMuU Hacmanosamu €gponeticbkol papmaronei. 32i0H0 3 YyumMu OOKYMeHmami, 600a 05 iH €KYill He NOGUHHA
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Micmumu HCOOHUX OOMIWOK, AKI MOXNCYMb SUKIUKAMU HE2AMUEH)Y PeaKyilo opeanizmy abo 3Hu3umu egekmusHicmeo
JIKaApcbko2o 3acody. OOHIEI0 3 OCHOBHUX BUMO2 € NOBHA BIOCYMHICIb MIKPOOP2AHI3MI8 Ma nipozeHie, moomo 600a He
MaAe npu3800UmMu 00 3apPaNCeHHs OP2aAHI3MY MAd He UKTUKAMU NiO8UWEHHA meMnepamypyu miid, noYacmiulanHs nyniscy,
Hyoomy ma iHwii noOiuHI peakyii npu 66edeHi.

Iemopuyno oucmunsyis 6yna €OUHUM 3AKOHOOABHO 3AMBEPONCEHUM MEMOOOM OMPUMAHHSL 800U OJiL IH €KYILL Y PIZHUX
Kpainax, OCKinbKU 60HA 3abe3neuysana epekmugne suoaieHHs bakmepii ma eHOOMOoKCuHig 3 600u. OOHAK, PO36UMOK
MeMOPAHHUX MeXHON02il B8000NI020MOBKU 0036801U8 3MIHUMU NIOXI0 00 po3pobku cucmem niocomosku BII Tak,
v 2017 poyi €gponeticvra hapmarones 003601U1A BUKOPUCTIAHHS 360POMHO20 OCMOCY Y KOMOIHAYII 3 e1eKmpOo0eioHi3ayicto
abo ynempaginempayicio, K memoo, wo exsisarenmuull oucmuisayii. Y 2024 poyi Minicmepcmeo oxoporu 300pog s
Vrpainu epaxysana sminu €eponeiicoroi papmaronei’ i UKOPUCMAHHI MEMOPAHHUX MEMOOI8 CMAN0 MOICTUBUM HA
Gapmayesmuunux nionpuemcmeax Yxpainu.

Knrouoei cnosa: oucmunayis, bacamocmyneneda OUCmuayisn, OUCMUIAYIs 3 KOMAPeECIE napu, 8UCOKOmMeMnepamypHa
napa, 6unapHa KolioHda.

Statement of the problem

Water for injections is a key component in the production of sterile medicinal products for parenteral, ophthalmic, and
inhalation use. It can also be used to prepare solutions for cell culture growth and to flush production equipment. The highest
quality requirements are imposed on it, which in Ukraine are regulated by the provisions of the State Pharmacopoeia of Ukraine,
harmonized with the relevant provisions of the European Pharmacopoeia. According to these documents, water for injections
must not contain any impurities that could cause a negative reaction in the body or reduce the effectiveness of the drug. One of
the main requirements is the complete absence of microorganisms and pyrogens, i.e., the water must not cause infection of the
body or cause an increase in body temperature, increased heart rate, nausea, and other side effects when administered [1-3].

Historically, distillation was the only legally approved method of obtaining water for injections in various countries,
as it ensured the effective removal of bacteria and endotoxins from water. However, the development of membrane water
treatment technologies has changed the approach to the development of WTTI preparation systems. In 2017, the European
Pharmacopoeia allowed the use of reverse osmosis in combination with electrodeionization or ultrafiltration as a method
equivalent to distillation. In 2024, the Ministry of Health of Ukraine took into account the changes in the European
Pharmacopoeia, and the use of membrane methods became possible at pharmaceutical enterprises in Ukraine [4].

Analysis of recent research and publications

The distillation process involves the transition of water from a liquid phase to a vapor phase, followed by condensation.
This removes all non-volatile impurities, and the high operating temperatures ensure the microbiological purity of the
finished distillate. Distillation apparatus of various designs can be used in the pharmaceutical industry. The multi-stage
distillation method has become the most popular in European countries, while steam compression distillation has become
the common method in US pharmaceutical companies [5,6].

The multi-stage distillation method involves the use of several columns connected in series, the main function of
which is the repeated use of thermal energy. A distinctive feature of this design is that water evaporation using superheated
technical steam occurs only in the first column [7].

When using the steam compression distillation method, the condensation of the formed steam occurs at higher
temperatures than atmospheric pressure, since the steam pressure increases [8].

Purpose of the study

The purpose of this article is to critically analyze existing modern technologies for the preparation of deeply purified
water for use in pharmaceutical production, namely for injections.

Presentation of the main research material

The multi-stage distillation method involves the use of several columns connected in series, the main function of
which is the repeated use of thermal energy. A distinctive feature of this design is that water evaporation using superheated
technical steam occurs only in the first column. First, water is sprayed by nozzles onto the surface of the heater and
evaporates. The resulting pure steam passes through a pipeline to the second column, where heat exchange occurs between
it and the water sprayed onto the outer surface of the pipes. The steam from the first stage is cooled, forming a distillate
that is removed from the evaporator, and the water supplied to the second column turns into steam and passes through
a pipeline to the next column. This process takes place in each column of the apparatus, the number of which varies
depending on the production needs for distillate [9—11].

In this system, a condenser is installed at the outlet of the last column to cool the steam. For greater energy efficiency
of this method, the outlet water can be used as a source of cold water, which, passing through the heat exchanger pipe, is
additionally heated by the heat of the steam from the last section, cooling it. An example of a multi-stage distiller with three
columns is shown in Fig. 1 [12].

To ensure that the distillate meets the requirements of the State Pharmacopoeia of Ukraine and to prevent salt deposits
on the internal surfaces of the equipment, the feed water must undergo preliminary treatment: degassing, purification from
organic contaminants, mechanical impurities, and partial removal of salts [13].
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Fig. 1. Scheme of a multi-stage distiller

1,3,5 — evaporation columns; 2,4 — pumps; 6 — condenser

The main advantages of multi-stage distillation are the reliability of the process and the stability of the distillate quality. High
operating temperatures ensure water disinfection, and the evaporation process effectively removes microorganisms, pyrogens,
dissolved salts, and other non-volatile contaminants, ensuring that the water composition complies with VDI standards [14,15].

The reuse of thermal energy generated in the first evaporation column to heat water at other stages makes this process
energy efficient. Such a system significantly reduces energy consumption, but its consumption remains quite high, which
can lead to significant financial costs for the enterprise [16].

The use of complex equipment entails high costs for the enterprise to install this distillation system, and its large
dimensions can be a problem for installation in enterprises with limited working space. In addition, a multi-stage distiller
requires constant maintenance to clean the internal surfaces from scale, which can impair heat transfer in the columns [17].

When using the steam compression distillation method, the condensation of the formed steam occurs at higher
temperatures than atmospheric pressure, since the steam pressure increases. First, water is fed to the evaporator and
heated to 100 °C, after which a pump reduces the pressure in the evaporator, accompanied by the evaporation of water
at lower temperatures. The steam formed is fed to the compressor, where it is compressed, resulting in an increase in the
pressure and temperature of the gas phase. The resulting higher-temperature steam meets the heat exchanger, because of
which the released heat is fed to the evaporator to heat the next portion of water, and the water vapor condenses and the
resulting distillate is removed from the system. An example of a steam compression distiller is shown on Fig. 2 [18-20].

Themain advantages of steam compression distillers are high energy efficiency, whichis due tothe use of steam heat to heat
thefeedwater.Also,reducingthepressureintheevaporationcolumnlowerstheboilingpointofwater, whichminimizestherisk of
corrosionandscale formation. Anotheradvantageisthe compactnessoftheinstallation, whichallowsittobeinstalled inlimited
production space [21].

The disadvantages of this method are the high initial costs of purchasing and installing the equipment. The complexity
of the design also increases the maintenance costs of the distillation unit. Despite the energy efficiency of the steam
conversion distiller, energy costs can be significant, especially for large systems [22].

Compressed hot

steam
L ©
—— —
4 -|Heated outlet water

Distillate
Outlet water

Fig. 2. Scheme of a steam compression distiller

1 — evaporation column; 2 — compressor; 3 — heater; 4 — heat exchanger
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Conclusions

The distillation process involves the transition of water from a liquid phase to a vapor phase, followed by condensation.
This removes all non-volatile impurities, and the high operating temperatures ensure the microbiological purity of the
finished distillate.

The multi-stage distillation method involves the use of several columns connected in series, the main function of
which is the repeated use of thermal energy. A distinctive feature of this design is that water evaporation using superheated
technical steam occurs only in the first column.

Themainadvantages of steam compressiondistillers are high energy efficiency, which is due to the use of steam heatto heat
thefeedwater.Also,reducingthepressureintheevaporationcolumnlowerstheboilingpointofwater, whichminimizestheriskof
corrosionandscale formation. Anotheradvantageisthe compactness oftheinstallation, whichallowsittobeinstalled inlimited
production space.
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