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NEW METHODS OF WATER PURIFICATION FOR USE IN PHARMACY

The principle of membrane separation is widely used for water purification. Water is passed under pressure through
a semi-permeable membrane. Membrane technologies differ from filtration. During filtration, particles removed from the
water remain on the surface or in the filter media. During membrane filtration, two solutions are formed: filtrate (clean
water) and concentrate (a solution with retained substances).

The size of the membrane pores determines the size of the particles that are removed. Based on their size, membrane
technologies are classified into the following types: microfiltration, ultrafiltration, nanofiltration, and reverse osmosis.
The size of the membrane pores decreases when moving from microfiltration to reverse osmosis. The membrane offers
greater resistance to water flow if the pore size of the membrane is small, requiring higher pressure for filtration.

For coarse water purification or preparation for deep purification, microfiltration membranes with a pore size of
0.1-1.0 um are used, which retain suspensions and colloidal particles that cause water turbidity.

Ultrafiltration membranes with a pore size of 0.01-0.1 um, which retain trivalent iron, bacteria, viruses, large organic
molecules, and colloidal particles, are used for water clarification and disinfection. Such ultrafiltration membranes have
an asymmetrical structure, consisting of a porous base that provides mechanical strength and a thin layer of several tens
of microns. Ultrafiltration does not retain dissolved salts and does not change the mineral composition of water. It is
used in households and industry, providing high-quality purification of water from impurities without the use of chemical
reagents. Thanks to this, the use of ultrafiltration is quite promising from an economic and environmental point of view.

High-quality clean water is obtained thanks to nanofiltration membranes with a pore size of 0.001-0.01 microns,
which retain dangerous bacteria, viruses, colloidal particles, molecules of heavy metal salts, nitrates, nitrites, and other
harmful impurities. Depending on the structure of the membrane, it allows 15-90% of mineral salts to pass through. Pure
water from nanofiltration plants is used in the electronic, medical, glass, food, pharmaceutical, and other industries.

Reverse osmosis membranes have the smallest pores, which trap all viruses and bacteria, allowing only water
molecules, small organic compounds, and light mineral salts to pass through. Reverse osmosis membranes trap about
97-99 % of dissolved substances. Such membranes are used to obtain high-quality water for bottling, in the food industry,
in the production of alcoholic and non-alcoholic beverages, and in seawater desalination. Two-stage reverse osmosis is a
good alternative to evaporative distillers and is used in many industries, such as electronics and electroplating.

Different types of membranes have different water quality requirements. Microfiltration membranes and ultrafiltration
membranes operate in the pH range of 1-13 and are not affected by chlorine or high suspended solids content.
Nanofiltration membranes and reverse osmosis membranes require pretreatment of water, removal of dissolved iron,
neutralization of oxidants, and removal of suspended solids. All types of membranes require compliance with operating
technologies, despite the high level of automation. They must be periodically flushed and cleaned to avoid irreversible
contamination and failure.
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A. 0. TKAUVYK
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HOBITHI METOJI OYMIIEHHS BOJAM JIJIsI BAKOPUCTAHHSA Y ®APMAIIIL

s ouungerHs 800U WUPOKO 3ACMOCOBYEMbC NPUHYUN MEMOPAHHO020 po30ineHHs. Boda nio muckom nponyckaemocs
uepesz HaniGNPOHUKHy memopany. Membpanni mexnonozii siopisusiomscs 6i0 Qinempysanns. Ilpu ginempysanni uac-
MUHKU, SKI UTYYAIOMbCSL 3 GOOU, 3ATUUATOMbCA HA NOBEPXHI abo y (inbmpyrouomy 3asanmasicenni. 11io uac membpan-
HO20 Qinbmpy8aHHs yMeopoemspcsi 08a po3uuHU — Gitempam (uucma 600a) i KoHyenmpam (PO3UUH i3 3aMpPUMAHUMU
peyvosuHam).

Posmip nop membpanu susHawae poamip YacmuHoK, wo 8udaiaomscs. 3a ix poamipamu memOpaHui mexHonozii kia-
cugixyroms Ha HAcmMynHi munu: Mikpoginempayis, yrempaginempayia, Hanoginempayis i 360pomuuti ocmoc. Posmip
nop MemMOpanu 3MeHUWYEmMbCst npu nepexooi 6i0 Mikpogitempayii 0o ssopomuozo ocmocy. Membpana wurnume OinbuiLLl
ONip NOMOKY 800U, AKUO POIMID NOP MEMOPAHU MATUL, NPU YbOMY HEeOOXIOHUL OLIbuull MUck 0is inempayii.

s epyboeo ouwuwents 6o0u abo it niocomosku 00 2IUOOK020 OYUWEHHST BUKOPUCMOBYIOMb MIKDOMIIbmpayititi
membpanu 3 posmipom nop 0,1—1,0 mxm, aAKi 3ampumyroms CycneH3ii i KONOIOHI YaCMUHKY, WO € NPUYUHOK KAAAMYNI-
HOCmi 800U.

Vaempadghinempayiiini membpanu 3 posmipom nop 0,01-0,1 mxm, Axi 3ampumyroms mpueaienmue 3anizo, bakmepii,
8ipycu, enuKi OP2aniuHi MONEKYIU, KOIOIOHT YACUHKU, BUKOPUCMOBYIOMb OJIs1 OC8IMIEHHS | 3He3apadicents 600u. Taxi
Ybmpaginempayiini Memopanu Marms ACUMempuiHy CmpyKmypy, CKAaoamuscsi 3 NOPUCmol 0CHO8U, siKa 3a6e3neuye
MeXAHIUHY MIYHICMb, | MOHKO20 Wapy 8 KilbKA 0eCsimKie MKM. Yivmpa@inempayis He 3ampumye pO3YUHeHI COli [ He
3MIHIOE MIHEpATbHULL CK1A0 600U. Bona 3acmocogyembcst 8 nobymi ma npomMucio8oCcmi, GUCOKOSIKICHO OYUUAE 800Y 8I0
OoMiuwoK Oe3 BUKOPUCTAHHA XIMIYHUX peacenmis. 3a805KU YbOMY, 3ACMOCYBAHHA Yibmpagitempayii docums nepcnex-
TMugHe 3 eKOHOMIYHOI A eKONO2IYHOI MOYOK 30DY.

Yucmy 600y 8UCOKOI AKOCI OMpUMYIOmb 3A605KU HAHOPIIbmpayiunum memopanam 3 posmipom nop 0,001-0,01
MKM, SIKL 3ampumyloms Hebe3neuni bakmepii, 8ipycu, KONOIOHI 4aCMUHKU, MOJLEKYIU CONLEU 8ANCKUX MEMAais, Himpamis,
HIMpUmMie ma HWUX WKIOAUSUX OOMIUOK. 3aNeNHCHO 810 cmpyKmypu memoparu, éona nponyckae 15-90 % minepanvrux
coneu. Yucma 600a 3 HAHOPIMLMPAYTIHUX YCMAHOBOK 3ACMOCO8YEMbCS 8 €eKIMPOHHIU, MeOUYHIl, CKISAHIU, Xapyosill,
dapmayesmuunit ma iHWUX 2ATY358X NPOMUCTIOB0CHIL.

36opomuoocmomuuni MemMOpaHu Maroms HAuMeHwi nopu, AKi 3ampuMyroms 6ci gipycu i baxmepii, nponyckanouu
Juule MONEKYIU 800U, HEBeNUKUX OP2AHIYHUX CHONYK I JlecKUX MIHepanrbHux coneu. 3860pOmHOOCMOMUYHI MeMOpaHu
sampumyroms 61usbko 97—-99 % poszuunenux pevosun. Taxi membpanu UKOPUCMOBYIOMb 0151 OMPUMAHHS 600U BUCOKOT
SKOCMI npu po31uei 600U, 8 XAPUOSIl NPOMUCIOB0CTMI, GUPOOHUYMSBI AIKOZOILHUX | O€3AIKO2ONIbHUX HANOI8, ONPICHEHHI
Mopcwroi 6oou. /leocmynenesuti 360poOmHuULl OCMOC € XOPOULOK) AIbINEPHAMUBOI0 OUCTUISIMOPAM-8UNAPHUKAM | 8UKO-
PUCTOBYEMBCA HA DA2AMBOX BUPOOHUYMBAX, MAKUX AK, HANPUKIAO, eleKMPOHIKA | 2a1b8AHIKA.

Pizni 6uou membpan maroms pisHomauimui eumozu 0o axkocmi 600u. Mikpoginempayitini memopanu i memopanu
yaempaginempayii npayroroms @ dianazoni pH 1-13, ne 6oamvca xXaopy i 8UCOKO20 6MICHY 36ANHCEHUX PedOo8UH. [[is
HAHODINbMpayitinux Memopan ma Memopam 360pomHo20 0CMOCY HeobXiOHa nonepedHs 06pobKa 600U, GUOALEHHS PO3HUL-
HEHO20 3a/1i3d, HeUmpanizayisi OKUCHUKIB | BUOATICHHS 36AHCEHUX YACMUHOK. Bci éudu membpan sumazaioms 0ompuman-
HEL MEXHON02IT eKCIyamayii, He36alicalou Ha 6UCOKUIl picens agmomamusayii. Ix HeobXiOHo nepioduuro npomueamu
i ouuwamu, wod YHUKHYmMU He360pOMHO20 3a0PYOHeHH s i UxX00) 3 1a0Y.

Knrouoei cnosa: membpana, nepmeam, KOHYeHmpam, 360pOMHUL OCMOC, e1eKmpooeioHizayis.

Statement of the problem

The principle of membrane separation is widely used for water purification. Water is passed under pressure through a
semi-permeable membrane. Membrane technologies differ from filtration. During filtration, particles removed from the
water remain on the surface or in the filter media. During membrane filtration, two solutions are formed: filtrate (clean
water) and concentrate (a solution with retained substances) [1].

The size of the membrane pores determines the size of the particles that are removed. Based on their size, membrane
technologies are classified into the following types: microfiltration, ultrafiltration, nanofiltration, and reverse osmosis. The
size of the membrane pores decreases when moving from microfiltration to reverse osmosis. The membrane offers greater
resistance to water flow if the pore size of the membrane is small, requiring higher pressure for filtration [2,3].

Analysis of recent research and publications

Reverse osmosis is a baromembrane method of water purification. It is based on the phenomenon of osmosis, a process
in which a solvent with a lower salt concentration passes through a semipermeable membrane toward a solution with a
higher concentration to equalize the concentrations on both sides of the membrane.
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In the reverse osmosis method, the opposite process to osmosis occurs. It is based on the process of transferring a
solvent with a higher concentration through a membrane towards a solvent with a lower concentration under pressure
that significantly exceeds osmotic pressure. Thus, the water passing through the membrane forms a permeate, while the
dissolved salts remain on the side of the concentrated solution and form a concentrate [4—6].

The factor that plays a key role in the application of the reverse osmosis method is the working pressure. As the
working pressure increases, its permeability increases, but only in cases where the membrane does not deform when the
pressure increases [7].

The dependence of membrane selectivity on pressure is similar to the dependence of permeability. In the low-pressure
zone, selectivity increases almost linearly with increasing pressure, but as the pressure increases, the rate of increase slows
down and reaches a maximum determined by the properties of the membrane itself and the dissolved substance. This is
because at low pressures, the flow of water increases more intensively, while the flow of the dissolved substance remains
almost unchanged. Subsequently, even with a decrease in permeability due to membrane compaction, selectivity is main-
tained due to a decrease in the transfer of the dissolved substance [8—10].

Purpose of the study

The purpose of this article is to provide a comparative description of the latest methods of water purification for use
in pharmacy, namely reverse osmosis and electrodeionization.

Presentation of the main research material

The reverse osmosis water purification method involves the use of a semi-permeable membrane, to which water is
supplied under pressure exceeding osmotic pressure. The source water is fed into the membrane module, where part of
the flow passes through the membrane to a tube in the center of the module and forms a permeate, while the dissolved
substances remain in the other part of the flow and form a concentrate that is removed from the system. An example of
a reverse osmosis membrane is shown in Fig. 1. This method provides a high degree of removal of dissolved ions from
water [11,12].

Central pipe

«2p- Retentate

Separated solution +%p Retentate

Separator mesh
Membrane
: — Drainage material
Permeate ~~ Membrane

Fig. 1. Scheme of a roll membrane module

To achieve higher quality purification, a second stage of purification is envisaged, which includes the installation of
an additional reverse osmosis membrane or an electrodeionizer. The second reverse osmosis membrane removes residual
dissolved salts from the permeate, while the electrodeionization module demonizes the water using ion-exchange resins
under the action of an electric current. Since membrane filtration cannot achieve absolute microbiological purity, addi-
tional water disinfection methods are used [13—15].

The water supplied to the membrane must undergo preliminary purification from mechanical impurities, chlorine,
organic pollutants, and hardness salts, which can cause damage to the membrane and fouling on its surface. Also, to pre-
vent bacterial growth on the membrane surface, regular sanitization of the filter elements is required [16].

This method of water purification provides significant energy savings compared to distillation, making it economically
attractive for companies that require large amounts of water for injections. Membrane filtration also produces less waste
compared to distillation, making the process more environmentally friendly. The flexibility in the design of the membrane
system allows it to be adapted to the production area of the enterprise and occupy a small area, and the absence of the need
for heating ensures greater productivity of the installation [17—19].

Electrodeionization is usually used for further purification of pre-desalinated water. This method is based on the
use of ion exchange resins and electric current. The electrodeionization module consists of a cathode and an anode
between which there are cation-selective and anion-selective membranes, forming chambers filled with ion exchange
resin. The feed water enters the module and passes through H-cationic and OH-anionic resins, which retain the ions of
dissolved salts, and the purified water is discharged from the system. However, under the action of a constant electric
field, the ions retained by the resin continue to move towards the electrodes and pass through the ion-exchange resin
to the concentrate chambers, where they accumulate and are discharged from the system or can undergo a second
demineralization stage [20].
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The main advantage of this method is that there is no need for periodic chemical washing of the resin layer, since in
the electrodeionization module, the exchange properties of the resin are constantly regenerated by electrical energy. This
also makes it possible to use the unit in continuous operation [21].

However, for the application of electrodeionization, water must undergo preliminary purification from mechanical
impurities, hardness salts, and dissolved carbon dioxide, which can impair the operation of the module. Also, due to the
peculiarities of the module's operation, the cost of maintaining the system can increase significantly due to the constant
use of electrical energy [22,23].

The water deionization scheme is shown in Fig. 2.
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Fig. 2. Scheme of water deionization

Conclusions
Obtaining water for injections using reverse osmosis is a modern method which, when the system is designed cor-
rectly, fully complies with the requirements of the State Pharmacopoeia and pharmacopoeias of other countries.
The main advantages of this method are the production of high-quality water for injections using significantly less
energy and operating costs, as well as the compactness of the equipment and the possibility of continuous operation.
Compared to traditional distillation methods, reverse osmosis is the optimal choice for pharmaceutical companies.
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