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Abstract

Because less than half hospital surfaces are clean, hospital acquired infections (HAIs) have resulted
in an estimated 136 million rehospitalizations yearly. In order to combat this, scientists have studied
metal surfaces’ self-disinfecting properties. However, many studies have gaps: the oxides on the
surfaces were not acknowledged; one type of stainless steel was tested; stainless steel was used as a
control, despite not being an inert material; only two elements from the periodic table were tested. In
this study, the disinfecting ability of oxidized transition metal surfaces (Ti, Cr, Mo, W, Fe, Cu, Ag,
Au, Zn) and their dependence on atomic numbers, and stainless steels SS304 and SS316, are reported.
The metals were allowed to interact with air for 24 hours, then their disinfecting abilities were
compared to glass. Each surface got a 50 microliter nutrient broth drop containing Escherichia coli
K-12 or Micrococcus luteus. A sample was taken from the drop every minute for 30 minutes for E.
coli and every 30 seconds for 15 minutes for M. luteus, and cultured. The process was repeated thrice
for each bacteria and metal. The only metal that reduced bacterial burden faster than glass was silver.
An important pattern was noted: the trend of disinfection speed matched the trends of
electronegativity, energy of second ionization, and electron affinity. While more data needs to be
gathered, the similarity to pre-established periodic trends may aid in a better understanding of
disinfection mechanisms of transition metals, and will provide the framework for creating efficient
antibacterial alloys.
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AHHOTAUA

bakrepuanbHOe 3arpsi3HEHHE MOBEPXHOCTEH B TOCIUTANISAX CIIOCOOCTBYET PACHPOCTPAHEHUIO
BHYTpUOOJLHUYHBIX WH(EKINH, )KepTBaMU KOTOPbIX cTayiu 136 MUUIMOHOB manueHToB (2024 r.).
Ony0OnuKoBaHHbIE JJAHHBIE YKa3bIBalOT Ha BO3MOKHOCTH PEIICHHUS 3TOM MpPOOJIEeMBbI ¢ MOMOILBIO
caMoIe3MH(DHUITMPYIOMUXCS METAUTMYECKUX ToBepXHOCTeH. OJHAKO y HCCIEIOBaHHWN B ATOM
00JIaCTH €CTh CYIIECTBEHHBIE TPOOETBI: HE YUUTHIBATOCH BIMSHUE OKCUIOB Ha MOBEPXHOCTH; ObLI
M3y4eH TOJIbKO OJMH BHJI HEP)KaBEIOIEH CTalld; JUIsi KOHTPOJIS MCIOJb30Balach HEp)KaBeroIlast
CTajib, XOTSI OHAa HE SIBISETCA MHEPTHBIM MaTepUAJIOM; JEeTalbHO OBLIM HCCIEI0BaHBI BCETO /B



Metaiia. B nmaHHOW paboTe mpeacTaBieHbl pe3ybTaTbhl M3YUYEHHs J€3MH(DUIMPYIOMIUX CBOMCTB
OKHCJICHHBIX TIOBepXHOCTe# mepexoanbix metamwioB (Ti, Cr, Mo, W, Fe, Cu, Ag, Au, Zn) u aByx
cru1aBoB HepkaBetoten ctamm (SS304 u SS316). [ToBepXHOCTH BBIIEPKUBATIUCH Ha BO3TyXe 24 yaca
IIPY HOPMAJBHBIX YCJIOBHSX, 3aTEM POCT HAaHECEHHBIX Ha HUX MHUKPOOPTaHU3MOB CPaBHUBAICS CO
KOHTPOJbHBIMU KOJIOHUSIMM Ha CTEKJIIHHOM MOBepXHOCTU. Ha KaXayt0 MOBEpXHOCTh HAHOCHIICS
oOpaser muTaTeabHOro pacTBopa ¢ bakrepueit Escherichia coli mrramm K-12 wmu Micrococcus luteus
06béMoM 50 mukpouTpoB. M3 kakaoro oopasua ¢ 6akrepusmu E. coli 6panu Ma30k ¢ HHTEpBaIOM
60 cexyn Ha mpoTspkeHue 30 MUHYT, a U3 00pasnoB ¢ bakrepusmu M. luteus — kaxxapie 30 cekyH
Ha MPOTsDKeHHE 15 MUHYT Npu WACHTUYHBIX YCIOBUSAX pocTa Bcex 00pasloB. bakrepuu ¢ MazKkoB
BBIPANTUBAINCH B MUTATEIBHOMN Cpe/ie B TeUCHHE PUKCHPOBAHHOTO BPEMEHH B MICHTUYHBIX YCIOBHUS
JUISL OIICHKH YMCJIIEHHOCTH MUKpoopranu3moB. [Iporecc moBropsics 3 pasza 1uist KakJ0ro MeTaia u
BHUJA OaKkTepwil JJig MOMy4YeHHs HaOopa MaHHBIX JJI CTATUCTUYECKOW 00pabOTKU. XOTs U3 BCEX
METaJJIOB, TOJBKO Ccepedpo MOAaBIsIO0 OakTepuu ObICTpee cTeksa, oOHapy»XeHa 3aBUCHMOCTD
CKOPOCTH Je3WH(EKIIMH OT 3JIEKTOOTPUIATESIILHOCTH, YHEPTHH BTOPON MOHH3AIMHM U CPOJICTBA K
ANEKTPOHY METaJIOB, KOTOpAsi MOXKET IIOMOYb B TOHUMAHUU MEXaHU3MOB J€3UH(EKIINHI MeTaJUIaMU
1 3aJI0)KUTh OCHOBY TSI pa3paboTKH aHTHOAKTePHAILHBIX CILIABOB.

KuroueBsble ciioBa

Jesnndexkuus  MeTalulaMd, — HEpeXOAHbIe  METaUIbl,  BHYTPHOOJNBHUYHBIE  WHQEKIUH,
caMo/Ie3MH(eIUPYIOIIHE TTOBEPXHOCTH, d-3JICMEHTBHI.

Due to many studies showing that less than half of surfaces in hospitals are clean [1], hospital
acquired infections (HAIS) have resulted in 136 million rehospitalizations each year [2]. In order to
combat the problem of microorganisms spreading on surfaces, scientists have studied metal surfaces
for their self-disinfecting properties. However, these studies have not resulted in practically useful
solutions or methods because of significant gaps in the research. In particular, the oxides and
carbonates on the metal surfaces were not properly acknowledged; only one type of stainless steel
that was tested; stainless steel was used as a control, despite its abilities to interact with
microorganisms; in total, only two elemental metals from the periodic table were tested; each study
focused on limited types of microorganisms, which does not allow to make conclusions about the
feasibility of the disinfection for other classes of microorganisms [3, 4, 5]. The incomplete and
nonsystematic studies have resulted in questionable conclusions, such as the recommendations to use
copper-containing surfaces as surfaces able to reduce bacterial burden on them.

To adress the gaps, a systematic comparative study of the disinfecting abilities of a broad
family of transition metals that takes into account the realistic state of their surfaces is proposed.
Experimental data on the characterization of the disinfecting abilities of oxidized, carbonized for
copper, metal surfaces and its dependence on atomic numbers of transition metals, Ti, Cr, Mo, W,
Fe, Cu, Ag, Au, Zn, and stainless steels SS304 and SS316, are reported. The protocol included
soaking each metal in vinegar, then allowing the metals to interact with air for 24 hours, then treating
the metals with UV light, and finally, the metals’ disinfecting abilities were compared to the control
sample, glass. Each surface got a nutrient broth drop of 50 microliters containing Escherichia coli K-
12, a gram-negative bacterium, or Micrococcus luteus, a gram-positive bacterium. A sample was
taken from the drop every minute for 30 minutes for E. coli and every 30 seconds for 15 minutes for
M. luteus, and cultured. Afterwards, each metal was wiped down with isopropyl alcohol. The process
was repeated thrice for each bacteria and metal. The results then went through multiple statistical
analyses.

The experimental data showed that the only metal that reduced its bacterial burden faster than
glass was silver. This result contradicts the conclusions of previous studies that suffered from the



lack of comparison between different metals and the lack of acknowledgements of multiple factors.
Moreover, an evident pattern was noticed after collecting data: the trend of the speed of disinfection
matched the trends of electronegativity, energy of second ionization, and electron affinity for
transition metals. While more data needs to be gathered, the similarity to three pre-established
periodic trends may aid in better understanding the disinfection mechanisms of transition metals, and
with more data gathered, will provide the framework for creating the most efficient antibacterial
metal alloy surfaces, and possibly help in the development of metalloantibiotics. It also lays the basis
for the data set that can be used for training of artificial-intelligence medical systems.
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