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Bac penaxrop:
ZKYPBIHOB Mypar ’KypbIHYJIbI, XUMHS FBUIBIMIAPBIHEIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukacel ¥ ITTHIK FBUTBIM akaieMusichiHbIH npe3ueHTi, AK «J1.B. Cokonbckuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE dJICKTPOXMMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus aakachl:

OJJEKEHOB Cepra3bl MbIHxkacapyJibl (0ac pegakTOpIbIH OpbIHOACAPHI), XMMUS FHUIBIMAAPBIHBIH
JoKTopsI, mpodeccop, KP ¥FA akagemuri, « Dutoxumunsy XaablKapaiblK FHUTBIMH-OHIIPICTIK XOITUHTTHIH
mupekropsl (Kaparannsl, Kazakcran) H = 11

AI'ABEKOB Buaamumup EnoxoBuu (6ac pemaxtopiablH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsbl, npodeccop, berapycs YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
JupekTopsl (Munck, berapycs) H =13

CTPHAJ Mupocaas, npodeccop, Uexust FbUIBIM aKaJeMHUACHIHBIH ODKCHEPHUMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoyn, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUsI FEUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA axanemuri,
on-Dapadu areigarsl Kaz¥Y Y-npiy 6ipianm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynuBepcuteriniy ®Papmauesruxa ¢daxysnpreTiHin Papmakornosus
KadeapachHEIH MeHrepymrici, JKapaTbuibicTaHy FBUIBIMIAPBIHBIH TOHAPAIIK OPTAIBIFBIHBIH JAUPEKTOPEI
(Ceren, Benrpus) H =38

POCC Camup, PhD goxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirbel, @apmanust MekTebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Buranmii, punocodus mokropst (PhD, (apmanerr), Pequnr yHHBepCHTETIHIH
npodeccopsr (Penunr, Aurus) H = 40

TEJTAEB Barnar Bypxan6aiiyibl, TeXHHKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymeci, Kazakcran PecnyOmukacer WHaycTpust koHe HWH(PPAKYPBUIBIMIABIK —JaMy
munUcTpiiri (Anmarsl, Kasakcran) H =13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa [IsFsic MeuniHa KoJulepKiHiH Ipodeccopsl, Xamaap
yauBepcureTiHig Lsirpic Mmequimnaa ¢akynereti (Kapaun, [Tokxicran) H =21

®DA3BIJIOB Cepik IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSICHl HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabacaps! (Kaparannsl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHsS FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xwumust xoHe XUMMSUIBIK TeXHOJOTHS HMHCTHTYTHI (Bimikek,
Keipreizcran) H =4

XAJIMKOB [:xypadaii XaJuKoBHY, XUMUS FRUIBIMIAPBIHBIH JTOKTOPBL, podeccop, Taxikeran FA
axanemuri, B.M. Huxurun areranarst Xumust nHCTUTYTHI ([lymante, Toxikcran) H =6

DAP3AJIUEB Barug Merkuaoribl, XMMUs FBUIBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akagemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempaa, ¢umocodus nokropsr (PhD, xumus), Xanplkapalblk Ta3za jKOHE KOJIIaHOAIBI
XVMWUS OJJaFbIHBIH XVMUS KOHE KOopIllaraH opTa OemnimiHiH mpe3uneHTi (Jlornon, Aarmms) H = 15
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Penaxkuuonnas xosuierus:

AJJEKEHOB Cepra3pl MbIH:kacapoBH4 (3aMECTHUTENb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUECKUX
HayK, podeccop, akagemuk HAH PK, nupektop MexayHapoHOro Hay4HO-IPOU3BOCTBEHHOTO XOJIANHTA
«Dutoxumusi» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMecTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYECKHX
Hayk, mpodeccop, akanemuk HAH Benapycu, mouerHslit aupextop MHCTUTYTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13
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[lepgsrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [xynuT, 3aBenyromnii kapenpoit ®apmaxornozun dapmareBrHiyeckoro (akymbrera
Vausepcurera Cerena, aupekTop MeXIUCIUINIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, nokrop PhD, mpodeccop IIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
HCCIICJOBAaHUH PACTHTENBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop ¢unocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECCKHX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepcrBo Uunycrpuu u uabpactpykTypHoro pa3sutus Pecrnyonuku Kasaxcran (Anamarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop komtemka Bocrounodt memummuel Xampaapia ans-Makuza,
¢axynsreT BocTouHoit MenuuuHb! yHuBepeuteta Xamaapaa (Kapauu, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHo# pabote VHCcTHTYTA OpraHmdeckoro cuHTe3a U yrexumun (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Ilapumna Kopo0exoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, MactutyT Xumun u xumuaeckoit texnonorud HAH KP (bumkek, Keiprezeran) H = 4

XAJIMKOB [Ixypa6aii XaJaumkoBH4Y, IOKTOp XHMHYECKHX HayK, mpodeccop, axkazemuk AH
Tamxukucrana, Vuctutyt xumun nmenn B.W. Hukutuna AH PT (dynran6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua orisl, JOKTOp XHMHYECKHX HaykK, npodeccop, akanemunk HAHA
(baky, Aszepbaitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopuu (Ph.D, xumus), npesunent Otnena XUMUH M OKpY’Karomieit
cpens! MexXIyHapogHOTo Cor03a YHCTO! M npukiiagHoi xumun (Jlonnon, Anrms) H =15
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CHEMICAL ANALYSIS OF WATER USED IN THE PRODUCTION OF
BIOLOGICAL PRODUCTS

Sadikaliyeva Sandugash Orazbekovna — Senior researcher, Laboratory for control of technology and
biopreparations, RIBSP MH RK, Head of Quality control Department, LLP «OtarBioPharm»

E-mail: sadikalieva86@mail.ru. ORCID: 0000-0003-4953-3628;
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Yershebulov Zakir Dzhaparovich — Candidate of veterinary sciences, Senior researcher, Laboratory for
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Shorayeva Kamshat Abitkhanovna — Ph.D., Head of Laboratory for control of technology and
biopreparations, RIBSP MH RK

E-mail: k.a.shorayeva@mail.ru. ORCID: 0000-0001-8777-8453.

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/dm®), Mg?* (18.00 mg/dm?), Ca*" (42.40 mg/
dm’), NO,(47.35 mg/dm’), NO,(237.0 mg/dm’), F(6.980 mg/dm*), PO,* (3.205 mg/
dm?). Also, Phosphate ions were found in purified water at 0.788 mg/dm’. 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

© C.0. Caauxammesa'?, C.JI. Carpioanaunosa’’, 3./1. Epuieoynos'?,
E.B. ®okuna’, K.A.llopaeBa?, 2023
'Orapbuo®apm" XKIIC, KamObut o6nbicsl, Kopnaii aynaHsr,

*Kazakcran PecnyOnukaceinbiy JleHcaylblK caKkTay MUHUCTPIIITiHIH BHONTOTHSIIBbIK
Kayinci3aik npobnemManapbIHbIH FEUIBIMU-3epTTey HHCTUTYTHI (KP JICM BKIIF31);
3¥ w1 [Tetp Cankr-IleTepOypr momMTeXHUKAIBIK YHUBEPCUTETI, BuOMeMIIMHAIBIK

JKyHenep ’oHe OMOTEeXHOIOTUSI HHCTHTYTHI.

E-mail: satybaldinovasymbat@gmail.com

BUOIIPEITAPATTAP OHJAIPY YHIIH CYAbI XUMUAJIBIK TAJIIAY
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AnHoTanus. byn >xyMmeicTa cyTeri HOHIAPBIHBIH KoHIEHTpauusicel (pH), anekrp
OTKI3TIIITIT1, aHUOH/Aap MEH KaTHOHIAPABIH KYpPaMbl )KoHE KOMIPTEKTIH OpraHUKajIbIK
XKoHE OeHOpraHUKaJbIK KOCBUIBICTAPBIHBIH KYpPaMbl CHUSKTBHI KOpCEeTKIimTep OOMbIHIIA
(apMaLeBTHKAIBIK OHIIpiCTe KOJAAHBUIATHIH OPTYPIL Cy TypiepiHe XUMMSIIBIK
Tajnay OepinreH. AJNBIHFaH HOTHXeJepre coiikec pH meH 3JeKTp OTKI3TIMITIKTIH
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TeMIlepaTypara TOYEIIUNiHIH €Ki JAudarpaMMachl JKacajiuel. TemmeparypaHblH
KOFapbUIaybIMEH aFbIHIBI, TA3apThUIFaH, WHBEKUWSUIBIK JKOHE JCHOHW3AIMsIaHFaH
cynblH pH MOoHI TeMmeHAeWmi, and 3JIeKTP OTKI3TIMTIK MOHI apTansl. Kamuuispibik
anekrpodope3 (KD) omiciMeH cy chIHAMachlHAa Taifay >KYPri3iimi, Cy KYOBIphI
CybIHBIH 3JekTpodoperpammanapsl (O®PI) anblHAbl, onapAa MbIHAAAd HOHIAD
tabsuTael: Na* (103,3 mr/om®), Mg?* (17,80 mr/am?®), Sr?* (0,807 mr/am?), Ca?* (41,52
mr/am’) NO(237,0 mr/am’), NO, (47,35 mr/am’), F (6,980 mr/am’), PO, (3,205 mr/
am’). Tazapreuiran cyna PO, (0,788 mr/mm3) Tabbuiael. JlenoHu3anusianFaH oHe
WHBEKIHUSUIBIK Cy ChIHaMallapblHJa HoHjap TabbuiraH koK. TOC-L aHanu3aTtopbIHBIH
KOMETIMEH aFblHAbI, Ta3apTbUIFaH, JCHOHU3ALMIAHFAH KOHE MHBEKLUSUIBIK CYIaFbl
JKANIBl KOMIPTEKTIH KOHIEHTPAIUACHl aHBIKTAIIBl JKoHe coiikeciHme 28.16 wmr/m,
0.3289 wmr/m, 0.1833 mr/n, 0.06446 mr/n, xypansl. Ocbuiaiiia, ockl KepCeTKIiIITep
OolibIHIIIA Cy ChIHAMANAphIHA KYPTi3UIreH XUMUSUIIBIK Tallgay OChl CyJaapbl OHIIPiCTIK
XKeJTijie maliaananyFa skapaMIbUTBIFBIH KOpCceTel.

Tyiiin ce3aep: Cyteri HOHIAPBIHBIH KOHIIEHTPAIHACKI, SJEKTPOTKI3TIIITIK, KOMip-
TEKTiH OPTaHUKAJBIK XKoHE OCHOPraHNKalbIK KOCBUIBICTaphl, aHUOHAP, KATHOHIAP
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AnnoTanus. B nanHoi paboTe mpeacTaBieH XAMHYESCKI aHATU3 PA3TMYHBIX THITOB
BOJIBI, HCTIONIB3YEMBIX B (DapMaIleBTHUECKOM IIPOU3BOICTBE 110 TAKUM TTOKA3aTeIsIM, KaK
KOHIICHTpanus UOHOB Bojpopona (pH), 3neKTponpoBOAMMOCTh, COACPKAHUE aHUOHOB
U KaTHOHOB, M COJIEPYKAHNE OPTAaHMUSCKUX W HEOPTaHUMUECKUX COCTMHEHHH yIiIepoa.
ITo monydYeHHBIM pe3yasTaraM ObLIM MOCTPOCHBI JBE AMAarpaMMbl 3aBUCUMOCTH pH u
SIIEKTPONPOBOMMOCTH OT TeMIeparypsl. [IpH MOBBIIIEHHH TEMIIEPATYPhl 3HAUCHHUS
pH 11 BOmONpPOBOOHOM, OYMIIEHHON, MHBEKLIMOHHOW M JAEMOHU3UPOBAHHOW BOABI
YMEHBINAIOTCS, & 3HAYCHHs JJIEKTPONPOBOIUMOCTH YBeNUUMBarOTCA. IIpoBeacH
aHaM3 Mpo0 BOABI METOAOM KamwutsipHoro sjekrtpodopesa (K3), momydeHs!
anektpodoperpammbl  (OPIY) BOAOMPOBOTHONW BOABI HAa KOTOPBIX OOHAPYKEHBI
crenyromue wonesl: Na' (103,3 mr/am®), Mg?* (17,80 mr/mm®), Sr** (0,807 wmr/
am®), Ca?* (41,52 wmr/am®) NO,(237,0 mr/am’), NO, (47,35 mr/am’), F (6,980 mr/
am’), PO,> (3,205 mr/am’). B oummennoii Boge obnapyxen PO, (0,788 mr/am’). B
nmpobax JACMOHU3UPOBAHHOW U MHBEKIIMOHHON BOJBI MOHOB HE ObLIO 00HapyxeHo. C
nomortipio TOC-L ananuzaropa ObuTa ompese/ieHa KOHIIGHTPAIHsI O0IIEero yriepoaa B
BOJIOMTPOBOIHOM, OUHUIIIEHHOM, TEHOHHU3UPOBAHHON U HHHEKIIMOHHOW BOJIC U COCTABHIIA
28.16 mr/i, 0.3289 mr/i, 0.1833 mr/m, 0.06446 mr/n, cooTBeTcTBeHHO. Takum oOpa3om,
MPOBEICHHBIH XUMHUYCSCKUI aHaIM3 MPOoO BOMABI MO JAaHHBIM TTOKA3aTeIsIM MOKa3bIBACT
MPUTOTHOCTh MCIIONB30BAHUS 3TUX BOJ] HA MIPOU3BOICTBEHHOMN JTHHHU.

KamoueBble cji0Ba: KOHIGHTpPAIMs HOHOB BOJIOPOIA, 3JIEKTPOINPOBOJUMOCTS,
OpPTaHHYECKUE U HEOPTaHUUECKUE COSTUHEHHUS YIIIepO/a, AaHHOHBI, KATHOHBI

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: 16006).

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.

8,5
8
I7,5 =@=deionized
&7 injection
e v —
6,5 purified
6 tap water
55
5
20 30 40 50 60

Temperature, °C

Fig. 1 - Dependence of pH on 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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Fig. 2 - Dependence of electrical conductivity on temperature

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 pS/cm at a temperature of T = 20.0°C, while the result
of the analysis showed 1.0 uS/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 | 2803

o o . 3 =

LT FEREF

Figure 3b - EFG of tap water (anions)

The following cations were found on the EFG of tap water: sodium (107.2 mg/dm?),
magnesium (18.00 mg/dm?), calcium (42.40 mg/dm?) (Fig. 3a) and anions: nitrite (47.35
mg/dm?), nitrate (237.0 mg/dm?), fluoride (6.980 mg/dm?), phosphate (3.205 mg/dm?)
(Fig. 3b). EPG of tap water (anions) also revealed an indefinite anion with an area of
280.3.
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Number | Time Cor::r(:ll;ent Height Begin End Area Concentration
1 2,972 Phosphate 0.309 2950 | 2998 | 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/dm?®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).
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Fig. 5 - Results of determining the content of organic and inorganic carbons
Note: a, ¢, 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/1, 0.2095 mg/1, 0.1424 mg/1, 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/I,
0.01798 mg/1, 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
(H") (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 Electrical conductivity
(pH)
Purified water From 2.4 pS/cm at 0°C to 10.2 pS/cm at 100°C
Injection water 5.0-7.0 From 0.6 pS/cm at 0°C to 3.1 uS/cm at 100°C
Deionized water Y 0.055 uS/cm
Tap water From 100 to 2000 pS/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 puS/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 uS/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 (C*D) of the system, and the following ions were obtained on the
electrophoregram: CI, SO,*, Na*, Ca®, Mg*" [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: CI(21,4), SO,*(39,0), HCO, (186,0), Na'(17,9), Ca*'(66,3), Mg*'(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), Mg*'(18.00), Ca*'(42,40), NO,(47,35),
NO,(237,0), F(6,980), PO,*(3,205). Along with the above ions, an unidentified anion
was also found with a peak area of 280.3. Phosphate ion PO, (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 pm 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 / I. 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/1, 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/dm’), Mg** (18.00 mg/dm’), Ca** (42.40 mg/dm’), NO, (47.35
mg/dm’), NO,(237.0 mg/dm?), F-(6.980 mg/dm’), PO,* (3.205 mg/dm’). In purified
water, a phosphate ion with a concentration of 0.788 mg/dm’ 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/1, 0.3289 mg/l, 0.1833 mg/l, 0.06446 mg /1, the content of inorganic carbon
compounds was 26.03 mg/l, 0.2095 mg/1, 0.1424 mg/l, 0.04648 mg/1, respectively. The
concentration of organic carbon compounds was 2.13 mg/l, 0.1194 mg/1, 0.0409 mg/I,
0.01798 mg/1, 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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