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HN3yueHue BINAHUA MEIIAIOIINX NOHOB TAKeEJIbIX META/LIOB
U Pa3/INYHOM IPOOONOATOTOBKHU Ha OINpeAe/ieHue IPUuMecH
PTYTH B IpOoTaMUHAa cyJIb(daTe MeTOI0M HHBEPCUOHHOMU
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Study of the influence of interfering ions of heavy metals and
various sample preparation on the determination of mercury
impurity in protamine sulfate by stripping voltammetry
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AHHOTAIIUA

IMenb. OupenenuTs cofiep:kaHue PTYTH B 00pa3iiax MpoTaMHUHa CyIbdaTa ¢ pa3JIMIHON TPOOOIOIrOTOBKOM. 13-
VUUTD BIUSHUE MENIAIONIUX HOHOB Ha COZIepKaHue IPUMeCH PTYTHU B IPOTAMUHA CyJabdaTe METOJO0M HHBEPCHOHHON
BoJsibTamrepomerpuu (MBA).

MaTepuanb U MeTOABI. Vcmosp30Basu pacTBOp AJisl UHBEKIUH NMpoTaMHuHA cyiabdara cepuil 515001,
514062, 514111, A7 TPpoOOIOATOTOBKY 06pa3I[0B — pa3JIMUHbIe BADUAHTHI pa3baBjIeHUus U ocakAeHus. PazbaBieHue
MIPOBOJIMJIN OMAVCTUIIIINPOBAHHOU BOJIOH, a ocakzeHue OeJIKOB — BOJAb(pamMaToM HAaTpHUA B 2 BapuaHTax. I[Ipumecu
pTyTHU onpejiessiyiu Mmetogom MBA.

PesyaspTaThl. CofepikaHue pTyTH BOOpasax mpoTaMuHa CyIb(aTa COCTABUIO 0.000417 £ 0.00140 1 0.000420 +
+ 0.00152 MT/J1 Ipu pa30aBJIEHUH BOAOH 1: 2 M 1 : 1 COOTBETCTBEHHO U 0.000462 + 0.00131 U 0.000459 + 0.00121 NIpU
OCaKJIeHUH BOJIb(GPAaMaTOM B BApHAHTE 1 U 2 COOTBETCTBEHHO. IIpu 106aBIeHNH MeIaloero noHa, Hanpumep, Cu*
cozepkaHue pTyTH B JIII paBHAIOCH 0.000606 + 0.00015, 0.000452 + 0.00013 ¥ 0.0004212 + 0.00011 MT/J AJIs1 cCEpUH
nmporamMuHa cyabdara 514062, 515091 U 514111 COOTBETCTBEHHO, UTO HE MPEBBIIIAET 3HAYEHUH, OIIPEEIAEMBIX HOpMa-
THUBHOU JOKyMeHTanuel. Jlobasienue nonos Pb*, Fe**, Zn?*, Cu** u Cd** Tak:ke He OKa3aJio BJIUSHUs Ha ONpe/ieieHue
coJZiep’KaHUsA PTYTH B 00pasnax npoTaMuHa cysibdara.

3aknoueHue. [ onpefeseHus NpUMecHd PTYTU B IIpeliapaTe poTaMuHa cyabdaTa crenuaabHas Ipobo-
MoAroToBKa He Tpebyetcs. Monsr Cu?*, Pb*, Fe**, Cd**, Zn** He OKa3bIBAIOT BIUSHUS Ha PE3YJIbTAT ONPEEIEHUI COZIEP-
JKaHUS PTYTH B 00pasiiax npoTaMuHa cyiabdara Metomom IBA, 4TO TOBOPUT O BBICOKOM M30MPATETLHOCTH TPUMEH Ie-
MOU METOLUKHU.

Katouesnle cao8a: MHBEPCUOHHA S BOJIBTAMIIEDOMETPH S, IPOTAMUHA CYIbGAT, MEMIAIONUHA HOH, TPOOOIIOATOTOBKA.

ABSTRACT

Aim. To determine the content of mercury in protamine sulfate samples with different sample preparation. To
study the effect of interfering ions on the content of mercury impurity in protamine sulfate by stripping voltammetry
(SV).

Materials and methods. We used a solution for injection of protamine sulfate, batches 515091, 514062,
514111; for sample preparation — various options for dilution and precipitation. Dilution was carried out with bidistilled
water, and the precipitation of proteins — with sodium tungstate in 2 options. Mercury impurities were determined by
the SV method.

Results. The mercury content in protamine sulfate samples was 0.000417 £ 0.00140 and 0.000420 + 0.00152 mg/1
when diluted with water 1: 2 and 1 : 1 respectively and 0.000462 + 0.00131 and 0.000459 + 0.00121 when precipitated
with tungstate in options 1 and 2 respectively. With the addition of an interfering ion, for example, Cu**, the content of
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mercury in the medicinal product was 0.000606 + 0.00015, 0.000452 + 0.00013 and 0.0004212 + 0.00011 mg/] for
protamine sulfate batches 514062, 515091 and 514111 respectively, which does not exceed the values determined by the
product specification. The addition of Pb?*, Fe?*, Zn**, Cu?*, and Cd>* ions also had no effect on the determination of the

mercury content in protamine sulfate samples.

Conclusion. Todetermine the mercury impurity in the protamine sulfate, special sample preparation is not re-
quired. Tons of Cu?*, Pb**, Fe**, Cd2*, Zn?* do not affect the result of determining the mercury content in protamine sulfate
samples by the SV method, which indicates a high selectivity of the method used.

Keywords: stripping voltammetry, protamine sulfate, interfering ion, sample preparation.

BBEJAEHMHNE

OmpenenieHue mpuMecedl B JIEKAPCTBEHHBIX
CpeJICTBaX — aKTyaJIbHAs 3a71aua (hapMareBTHIeCcKO-
ro anaymu3a. OJHUMHY 13 OIIACHBIX 3aTPSI3HUTEIEH BO-
JTHOH Cpe/Ibl SIBJISTIOTCS TSIPKEJTble METAJUTbI, TAKHE KaK
Zn, Cd, Pb, Cu u Hg. 9Tu MeTasIbl HAKAIIMBAIOTCS
B MeJIBUAHIIINX MHKPOOPTaHU3MAaX, KOTOPBIMH ITH-
Taercs ppli0a, ¥ 3aTEM aKKyMyJIUPYIOTCA B HEH [1, 2].
IIporamuna cysnbdar COCTOUT U3 CYIb(HATOB OCHOB-
HBIX IIENTH/IOB, U3BJIEUEHHBIX U3 CIIEPMbI HJIH UKPbI
ppi0, ob6bruHO BuyoB Salmonidae u Clupeidae [3].
Ha ceromHsIHuM IeHb POTAMUHBI SIBJISIIOTCS €I H-
CTBEHHBIMU IIpenapaTaMu JiIsi HEUTpaau3anuu re-
[MapuHa, UCIOJIb3YEMBIMU B KJIIMHUYECKOH METHUITU-
He [4]. I[TockoabKy mpoTaMuHa CyabdaT MOKET CO-
JIEp’KaTh B CBOEM COCTaBe IIPUMECH PTYTH, a 3TOT Me-
TaJUT SBJISETCS TSOKEIbIM W TOKCHUYHBIM M MOJKET
OKa3bIBAaTh HETATHUBHOE BIUAHUE HA OPTaHU3M YeJsI0-
BeKa — BaXKHO OIIPEJIEJIATh ATOT MTOKa3aTeslb Ha CTa-
JINU KOHTPOJIsI KauecTBa. [IpoTamMmuHa cyibdar Takike
COZIEPIKUT IIPUMECH JKeJjIe3a, KOTOPask MOXKET 3aTPy/I-
HSATH OIIPe/IeJIEHUE PTYTH U APYTUX TSIKEIbIX MeTasl-
JIOB. B cBfI3U ¢ 3TUM HEOOXOAUMO OIEHUTD BIIUSHUE
MEMIAOIIHX NOHOB Ha OIIpe/ieJIeHre PTYTH KaK KOJIH-
YeCTBEHHO, TaK U KAUeCTBEHHO.

MemarwoImui ©0OH — 3TO MOH, KOTOPBIA B yCJIO-
BUSIX OOHAPY:KEHUST UCKOMOTO JIAeT CXO/THBIN aHATU-
THYECKUU 3(PDEKT € TEM Ke PEAKTHBOM JIOO aHAIH-
TrHyeckuil 3¢p@eKT, MaCKUPYIOIUN HYKHYI0 peax-
nuio [5]. Tak kKaKk IpoTaMUH ABJAETCA OETOKCOIEP-
JKAIUM [IPenapaToM, MOXKHO IPEAINOJIOXKUTh, UTO
KaTHOHBI PTYTH MOTYT 00Pa30BbIBATh KOMILJIEKCHbIE
coeHEeHUs ¢ O€JIKOBOM cocTaBJisttomei. J{iist yerpa-
HEHWUSI 3TOTO BJIMSHUS HEOOXOJUMO IIPOBOIUTD IIPO-
OOIOATOTOBKY MO y/IAJIEHUIO OEJTKOBOI YacTH IMyTeM
ocakeHus 6ekos [6].

IEJIb NCCJIEJOBAHUA

OmnpenenuTh COIep:KaHWe PTYTH B 00pasmax
[IpOTaMUHa Cy/IbdaTa ¢ pa3IMYHOH ITPOOOIOATOTOB-
Koi. VI3yuuTh BIIUSHIE MEIIAIONINX HOHOB Ha COZIep-
JKaHHUe MPUMeCH PTYTH B MMPOTaMHUHA CyJibdaTe Me-
TOJIOM MHBEPCUOHHOH BobTammnepomMerpuu (11BA).

INTRODUCTION

Determination of impurities in drug products
is an urgent task of pharmaceutical analysis. Heavy
metals such as Zn, Cd, Pb, Cu and Hg are among the
hazardous pollutants in the aquatic environment.
These metals accumulate first in the smallest mi-
croorganisms that fish feed on, and then in the fish
itself [1, 2]. Protamine sulfate consists of sulfates of
basic peptides extracted from the sperm or eggs of
fish, usually of the Salmonidae and Clupeidae fami-
lies [3]. Currently protamines are the only drugs for
neutralizaton of heparin in clinical settings [4]. Since
protamine sulfate can contain a mercury impurity,
and this metal is heavy and toxic with a negative im-
pact on the human body, it is important to determine
this indicator at the quality control stage. Protamine
sulfate also contains iron impurity which can make
it difficult to detect mercury and other heavy metals.
In this regard, it is necessary to assess the influence
of interfering ions on the determination of mercury
both quantitatively and qualitatively.

An interfering ion is an ion that, under the condi-
tions of detection of the desired one, gives a similar
analytical effect with the same reagent or an analyti-
cal effect that masks the desired reaction [5]. Since
protamine is a protein-containing drug, it can be as-
sumed that mercury cations can form complex com-
pounds with a protein component. To eliminate this
effect, it is necessary to carry out sample preparation
to remove the protein fraction by precipitation [6].

AIM OF THE RESEARCH

To determine the content of mercury in prot-
amine sulfate samples with different sample prepa-
ration. To study the effect of interfering ions on the
mercury impurity in protamine sulfate by stripping
voltammetry (SV).

MATERIALS AND METHODS

We used a solution for injection of protamine
sulfate, batches 515091, 514062, 514111 (Novosib-
khimpharm JSC, Russia).

Journal homepage: http://jsms.ngmu.ru

13



doi: 10.31549/2542-1174-2021-1-12-19

Kum H.O., Heanosckas E.A. / Journal of Siberian Medical Sciences 1 (2021) 12—19

MATEPUAJIBI 1 METO/AbI

JI71s1 paboThI UCIIOIB30BAIA PACTBOP IS UHB-
eKITUH TpoTaMuHa cyJsibdara cepui 515091, 514062,
514111 (OAO «HoBocubxumdapm»).

W3BECTHO, YTO PaCTBOPUMOCTh OEJIKOB 3aBU-
CUT OT MHOTHX (DAaKTOPOB — MPUPO/IBI, cocTaBa v pH
pacTBoOpHUTEIsA, TEMIIEPATYPhI U Ap. [1o 3TOM mpuyu-
He JIUIsI TPOOOIIO/ITOTOBKH 00pAa3IioB UCIOJIb30BATIHI
pas3JIMYHbIe BAPUAHTHI Pa30aBIEHUS U OCAXKIEHUS.

IIpo6oroATroTOBKY Mpo06 MpoTaMuHA CyJbdara
MIPOBOAWIH IIyTeM pasbaBjieHusi OUIUCTU/LINPOBaH-
HOH BOJOH B COOTHOIIEHUAX:

1:1— 1 MJI IpOTaMuHa cyabdaTa 1 1 M1 Oumau-
CTHJIMPOBAHHOM BOJIBI;

1:2 — 1 MJI IpOTaMuHa cysibdara u 2 MJI OuIu-
CTUJIUPOBAHHOU BOJIBI.

Jlis mostyueHusi Heobxoaumon pH cpeasl uc-
[I0JTH30BAJTU Pa3JIMYHbIE BAPUAHTHI OCaZuTeNIel 6e-
KOB, OITCaHHbIE B [6]. /[JIs1 BAapHaHTOB 1 U 2, C pa3-
HBIM COOTHOIIIEHWEM peareHTOB — OCaINuTesIeH
Oesnka, 3HaueHue pH cocrapisio 6.5, 719 BapuaH-
Ta3—7.5.

PacTBOpBI TOTOBUJIM B 3 BApHAHTAX:

1. Bpas 1 Mut pacTBOpa MpoTaMuHa cyabdara,
JI06ABJIISITH 77 MJT OUTUCTHJIMPOBAHHOMN BOJIBI IS TO-
MOTEeHHU3aIuH, 1 MJI 10% pacTBopa BoJsibdpamaTa Ha-
TpUs (Na2W04 -2H,0) BBOZE M1 M 0.335 M H2$O4.

2. Bpasii 1 Mu1 pacTBOpa IpoTaMHHA CyJIbdaTa,
J06aBsIsIn 8 MJT OMMCTUINPOBAHHOM BOJIBI JIJIsI TO-
MOTEHU3AIUH, 0.5 MJI 10% pacTBopa BoJbdpamara
narpus (Na,WO = 2H,O) B BOZE M 0.5 M1 0.335 M
H,SO,.

3. Bpanu 1 M1 pacTBOpa mpotamMuHa cyabdara,
JI00ABIIAIN 7 MJT OUJUCTUJIMPOBAHHOU BOJBI, 7 MJI
10% pacrBopa ZnSO, - 7H,O u 1 mx 0.5 M pacrBo-
pa NaOH.

ITocne ocaxkieHns 6EJIKOB TPOBOIUIIU IIEHTPH-
(¢yrupoBaHme pacTBOpOB B TeueHHEe 3 MUH B IIeH-
tpudyre Multicentrifuge CM 6M co CKOpPOCTHIO
3000 00./muH. [locie otaeneHus: GEJIKOB IEHTPH-
¢yrupoBanneM B 6e30€JIKOBOBOI YaCTH U3MEPSLIH
MIpUMeCh PTYTH.

Onpenenenye copep:kaHus PTYTU B 0Opasmax
MpoTaMuHAa cyJsibdaTa MPOBOAWIN C ITOMOIIBIO Me-
TOJUKH, ONMCAHHOU B [7], METOIOM WHBEPCUOHHOM
BOJIBTAMIIEPOMETPHY IPH CJIEAYIONIUX TTapaMeTpax:
BpPEMs PaCTBOPEHUA 10 ¢, YPOBEHDb BUOpAIINK Ha CTa-
JIUM pacTBOpeHUs 6, BpeMs HaKOIIeHus: 80 ¢, ypo-
BeHb BHOpAIlMU Ha CTAJIMH HAKOIUIEHUA 9, BpPeMs
ycriokoeHus 5 c. ITorennuan HakomiaeHus —0.6 B,
MOTEHIINAJ Ha 3Talle pacTBOpeHus 0.75 B, moreHIu-
aJI yCroKoeHusi 0.35 B, 4TO cOOTBETCTByeT Havasy
pasBepTKU MOTEHIIMAa, PACTBOPEHNE KOHIIEHTpAaTa
PTYTH C TIOBEPXHOCTH 3JIEKTPOJIa TIPU MTOCTOSHHOM

It is known that the solubility of proteins de-
pends on many factors — the nature, composition
and pH of the solvent, temperature, and others. For
this reason, various dilution and sedimentation op-
tions were used for sample preparation.

The sample preparation of protamine sulfate
samples was carried out by dilution with bidistilled
water at the ratio:

1:1 — 1 ml protamine sulfate and 1 ml bidis-
tilled water;

1: 2 — 1 ml protamine sulfate and 2 ml bidis-
tilled water.

To obtain the required pH of the medium, vari-
ous options of protein precipitants described in [6]
were used. For options 1 and 2, with different ra-
tios of reagents — protein precipitants, the pH value
was 6.5, for option 3 — 7.5.

The solutions were prepared in 3 options:

1. We took 1 ml of protamine sulfate solution,
added 7 ml of bidistilled water for homogenization,
1 ml of 10% sodium tungstate solution (Na, WO R 2H,0)
in water and 1 ml of 0.335 M H,SO,.

2. We took 1 ml of protamine sulfate solution, add-
ed 8 ml of bidistilled water for homogenization, 0.5 ml
of 10% sodium tungstate solution (Na,WO = 2H,0) in
water and 0.5 ml of 0.335 M H,SO,.

3. We took 1 ml of protamine sulfate solution, add-
ed 7 ml of bidistilled water, 7 ml of 10% ZnSO,- 7H,0
solution and 1 ml of 0.5 M NaOH solution.

After precipitation of proteins, the solutions
were centrifuged for 3 min in a Multicentrifuge CM
6M at a speed of 3000 rpm. After separation of pro-
teins by centrifugation, the mercury impurity was
measured in the protein-free part.

To determine the mercury content in protamine
sulfate samples, we performed stripping voltam-
metry using the technique described in [7] with
the following parameters: dissolution time — 10 s,
vibration level at dissolution stage — 6, accumula-
tion time — 80 s, vibration level at accumulation
stage — 9, settling time — 5 s. The accumulation po-
tential was —0.6 V, the potential at the dissolution
stage — 0.75 V, and the settling potential — 0.35V,
which corresponds to the beginning of the poten-
tial sweep. At a constant current of potential sweep
from 0.35 to 0.75 V, mercury concentrate from the
electrode surface was dissolved at a rate of 40 mV/s.

RESULTS AND DISCUSSION

The results of the mercury detecting in prot-
amine sulfate samples with preliminary sample
preparation are presented in Table 1.
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TOKe pa3BEPTKHU MOTEHIAJIA OT 0.35 /0 0.75 B mpo-
XOZIUJIO CO CKOPOCTHIO 40 MB/c.

PE3YJIBTATDBI 1 OBCY2KIEHUE

PesynpTaThl OmpenesieHus PTYTH B 00pasmax
IIpoTaMHHA Cy/abdara ¢ mpeaBapUTETbHOU ITPOOO-
IIOZITOTOBKOM IIPe/ICTaBJIEHBI B TA0JI. 1.

Kak BusiHO 13 TabJ1. 1, cofiep;KaHue PTYTU B TO-
TOBOM JIEKAPCTBEHHOM IIpemapare U B obpasmax c
MPE/IBAPUTETHLHON MPOOOIIOATOTOBKON 3HAYUTEb-
HO He ominuaercs. IIpu ocaskieHnu GeTKOB cozep-
JKaHHUE BO3PACTaeT, HO IIPH IAHHBIX KOHIIEHTPAIIHIX
[IpUMeCH PTYTH 3TO YBEJUUYEHHE SABJISAEeTCS He3HAUU-
TeJILHBIM. B CBSI3U C BBINIEN3/I03KEHHBIM MOKHO CJie-
JIaTh BBIBOJ, UTO IIPEABAPUTEIHHON ITPOOOIIOITOTOB-
KU He TpedyeTcs.

Yro065sI O1leHUTh BiausHue noHoB Cu?*, Pb**, Fe**,
Cd?*, Zn>* Ha copiepsKaHKe PTYTH B o0pasmax mpoTa-
MUHA Cy/1bGaTa, B 3JIEKTPOXUMUYIECKYIO SUEHKY BHO-
CIWIU 50 MKJI IpoObI (pacTBOp MpOoTaMHHA CyJsibda-
Ta), PETUCTPUPOBAIIN AHATUTHIECKUH CUTHAJ IIPO-
0BI, 3aTeM BHOCIJIH 110 10 MKJI PACTBOPOB rocyziap-
CTBEHHBIX CTAaHJAPTHBIX 0OpA3I[0B M3YUaeMbIX KO-
HOB, PETUCTPUPOBATIN AHAJTUTHYECKUN CUTHAJ, II0-
cJIe 5TOTO BHOCUJIN 50 MKJI PacTBOpa PTYTU C KOH-
LIeHTpaIyel 0.1 Mr/JI, PETUCTPUPOBATIA aHAJIUTUYE-
CKHH CUTHAJT U OIEHUBAJIM PE3YJIBTAT.

O6b1yHO Jyist ompezenenus uonos Cuz*, Pb2*,
Fe?*, Cd**, Zn*>* HCHOOJB3YIOT PTYTHO-IIEHOYHBIH
BJIEKTPO/. B HaIleM rccieJoBaHUY TPUMEHSIICA 30-
JIOTOYTJIEPOZCOEPSKAIIMI 3JIEKTPOJ, B KaUecTBe pa-
060uero, 9JIEKTPOZIOM CPaBHEHUs CIIYKIJI XJIopce-
pebpsiHbIll 3eKTpoA. [T0CKOJIBKY 30JI0TOYTJIEPO/I-
COZlEpKAIUN 3JIEKTPOJ, SABJIAETCH CeJEKTUBHBIM,
NpeHa3HAYEHHBIM JIJISI OIIPE/IeJIEHHS PTYTH U MbI-
mbsika [8], To m3yyaeMble KaTHOHBI TSKETbIX Me-
TaJIJIOB TEOPETHYECKU HE MOIJIM IIOMEIIATh OIpe/ie-
JIEHUIO PTYTH.

ITosyueHHBIE PEBYJIBTATHI
TabJI. 2 ¥ HAa pUC. 1-5.

IIpeacraBJI€eHbl B

As you can see from Table 1, the mercury lev-
els in the finished pharmaceutical product and in
the samples with preliminary sample preparation
do not differ significantly. During the precipita-
tion of proteins, the mercury content increases, but
at given concentrations of mercury impurity, this
increase is insignificant. In connection with the
above, it can be concluded that preliminary sample
preparation is not required.

To assess the effect of Cu?*, Pb2*, Fe>*, Cd=",
Zn** ions on the mercury level in protamine sul-
fate samples, we dispensed 50 ul of a sample (prot-
amine sulfate solution) into the electrolytic cell, the
analytical signal of the sample was recorded; then
10 pl of solutions of state standard samples of the
studied ions were added, the analytical signal was
recorded; then 50 pl of a mercury solution with a
concentration of 0.1 mg/1 was added, the analytical
signal was recorded, and the result was evaluated.

A mercury film electrode is normally used to
determine the Cu2*, Pb**, Fe>*, Cd**, Zn** ions. In
this study, we used a gold-carbon electrode as a
working one; a silver-chloride electrode served as
a reference electrode. Since the gold-carbon elec-
trode is selective and is designed to determine mer-
cury and arsenic [8], the studied cations of heavy
metals theoretically could not interfere with the
detection of mercury.

The results obtained are presented in Table 2
and Fig. 1-5.

Data of Table 2 indicate that metal cations do
not interfere with the determination of content of
mercury in protamine sulfate. The mercury con-
tent in protamine sulfate with the addition of heavy
metal cations differs quantitatively by a value that
is within the range of acceptable error.

According to the product specification, name-
ly the certificate of analysis for protamine sulfate,

Taosauna 1. Cozep:xkaHue PTyTH B 00pasnax IpoTaMuHa cysabdara ¢ pa3IndHON IPOoOOIIOATOTOBKOH
Table 1. Content of mercury in protamine sulfate samples with different sample preparation

BapuanT npo6omnoaroroku / Sample preparation option

Copepskanue pTyTy, Mr/a | Mercury content, mg/1

IIporamuHa cyibdar cepun 514111 6e3 TPOOOIOATOTOBKH

Protamine sulfate, batch 514111 without sample preparation

Pazbagssienue Bozioi 1 : 2 / Dilution with water 1: 2
Pas6agsJsienue Bozoii 1 : 1 / Dilution with water 1: 1

Ocasx/ieHue BosibdpamMaToM (BapHUaHT 1)
Precipitation by tungstate (option 1)

OcaxieHue Bosib(ppamMaToM (BapuaHT 2)
Precipitation by tungstate (option 2)

Ocaxnenue ZnSO, (Bapuawnt 3) / Precipitation by ZnSO, (option 3)

0.000423 £ 0.00121

0.000417 + 0.00140
0.000420 + 0.00152
0.000462 + 0.00131

0.000459 + 0.00121

0.000533 + 0.00113
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Fig. 3. Voltammogram of protamine sulfate with the Fig. 4. Voltammogram of protamine sulfate with the
addition of Zn2* addition of Cd**
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Puc. 5. Boaprammneporpamma nporaMuHa cysibdara c jobasienuem Fe?
Fig. 5. Voltammogram of protamine sulfate with the addition of Fe2*

Taosauna 2. CozepkaHue pTyTH B 00pasnax IpoTaMuHa cysibdaTa pasindHbIX cepUi py fobaBaeHnu noHos Cu?t, Pb**,

FeQ*, Zn2+, Cd2+

Table 2. Content of mercury in protamine sulfate samples of various batches when adding Cu?*, Pb**, Fe?*, Zn?*, Cd2*

IIporamuHa cyiabdar / Protamine sulfate

Copepskanue pTyTy, Mr/a | Mercury content, mg/1

Bes mo6aBok / Without additives:
cep. / b. 514062
cep. / b. 515001
cep. / b. 514111

C no6asnenuem Cu?* / With the addition of Cu?*:

cep. / b. 514062
cep. / b. 515001
cep. / b. 514111

C no6asiienriem Pb2+ / With the addition of Pb**:
cep. / b. 514062
cep. / b. 515001
cep. / b. 514111

C no6assenuem Fe?* / With the addition of Fe**:
cep. / b. 514062

cep. / b. 515001
cep. / b. 514111

C no6asienuem Zn>* / With the addition of Zn>*:

cep. / b. 514062
cep. / b. 515001
cep. / b. 514111

C no6assennem Cd** / With the addition of Cd2*:

cep. / b. 514062
cep. / b. 515001
cep. / b. 514111

0.000633 + 0.00019
0.000471 + 0.00015
0.000432 + 0.00013

0.000606 £ 0.00015
0.000452 + 0.00013
0.000412 + 0.00011

0.000661 + 0.00018
0.000483 + 0.00018
0.000462 + 0.00014

0.000651 + 0.00019
0.000479 + 0.00017
0.000455 + 0.00012

0.000686 + 0.00020
0.000492 + 0.00019
0.000471 £ 0.00018

0.000658 + 0.00022
0.000484 + 0.00016
0.000460 + 0.00017

IIpumeuanue. Cep.— cepus.
Note. b. — batch number.
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Kak BUZIHO W3 TIPE/ICTaBJIEHHBIX B Ta0JI. 2 JaH-
HBIX, KATHOHBI METAJJIOB HE OKA3bIBAIOT MEIIIAOIIe-
TO BJIMSIHUS Ha OIpeJleJIeHHe COEePIKAHUsI PTYTU B
nporamuHa cyibdare. CozepkaHue PTyTH B IPOTa-
MUHa cyJibdare Ipu 06aBIEHUN KATUOHOB TSKEJIBIX
METAJUIOB KOJIMUECTBEHHO OTJIMYAETCS Ha BEJININHY,
KOTOpAas BXOJUT B MHTEPBAJI IOIYCTUMOH OIIUOKH.

CorsjacHO HOPMATHUBHOW JIOKyMEHTAIlWH, a
MMEHHO CepTU(DUKATY aHATN3a HA TPOTAMUHA CYJTb-
(aT — mpuMecu PTYTU JOJDKHO OBITH <10 ppm (I
10 mr/n). Cozep:kaHue PTYTH B M3y4aeMbIX 0Opas-
[IaX COOTBETCTBYeT TPeOOBaHUAM HOPMATHUBHOU JI0-
KyMEHTAI[{H.

3AKJIIOYEHUE

IIpoBeieHHOE WCCIIEOBAHKE TI03BOJISET Cle-
JIaTh CJIEYIOIIHE BHIBO/IBIL:

1. /Iy ompesiesieHHsT COAep:KaHusA PTYTH B 00-
pasuax mnmporamMuHa cyiabdara creruajbHas mpobo-
IIOITOTOBKA He TpebyeTcs.

2. Honsl Cu**, Pb?*, Fe**, Cd>*, Zn>* He BJIMAIOT HA
Pe3yJIbTaThl ONPEESIEHUsI COJIEPKaHUA PTYTH B 00-
pasIax IpoTaMuHa Cy/Ib(haTa, 4TO TOBOPHUT O BBICOKOI
M36UpaTETbHOCTH HUCIIOIB3yEMON HAMU METOTUKH.
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mercury impurity should be <10 ppm (or 10 mg/1).
The content of mercury in the samples under study
meets the requirements of the product specifica-
tion.

CONCLUSION

The research results allow us to draw the fol-
lowing conclusions:

1. To determine the mercury content in prot-
amine sulfate samples, special sample preparation
is not required.

2. Ions of Cu?*, Pb2*, Fe>*, Cd**, Zn** do not af-
fect the results of determining the mercury content
in protamine sulfate samples, which indicates a
high selectivity of the procedure we used.
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CBEAEHHUA Ob ABTOPAX
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CKUU TOCYJApCTBEHHBIH MEIUIIUHCKUN YHUBEPCH-
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