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Abstract. Urbanization has increased at a faster pace than envisioned in the 2011
census. Rapid urbanization is causing sanitation and environmental concerns that
have an adverse impact on public health. This paper evaluates the suitability of
using stainless steel to enhance and maintain the cleanliness and overall hygiene
of public spaces. It also assesses general issues related to building materials that
affect sanitation, wear and tear of public utilities, and the resulting environmental
stresses that elevate contamination and the spread of epidemics in public spaces.
The study adopts a comparative and analytical approach, drawing on literature
review, material performance studies, and case examples of stainless steel
applications in urban infrastructure. Although steel has broad utility in
construction, this paper limits its scope to evaluating the suitability of stainless
steel for applications in areas with a high probability of its use in the "touch zone"
in public areas.
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1 Introduction

India has emerged as one of the fastest developing countries in the world. According to
a World Bank study, India's urban population is projected to grow to 40% by 2036, up
from 31% in 2011. The study also projects that 70% of the urban infrastructure required
by 2047 is yet to be built. (Kouamé, 2024). Rapid urbanization is causing sanitation
and environmental concerns that have an adverse impact on the health of people. Public
health is a crucial issue, and the spread of infections, especially seasonal viral
infections, can cause a large number of people to fall sick in a short duration. Public
spaces like green areas, health centers, public transport systems, public buildings, and
recreational areas have a vital role in influencing the quality of life for people in urban
areas. Although there are many reasons for the spread of pathogenic viruses and
bacteria, touching infected surfaces is one of the easiest routes for disease transmission.
(WiBmann et al., 2021). This paper addresses the limited attention given to the selection
of hygienic and sustainable materials in the design and maintenance of public spaces.
To address this gap, it aims to evaluate the suitability and effectiveness of stainless steel
as a material for high-contact areas in public environments, with the objective of
enhancing hygiene, durability and the protection of public health.
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2 Methodology

This study employs a qualitative, evidence based approach to evaluate the suitability of
stainless steel for high-contact public spaces. Relevant literature on urban public health,
material hygiene and stainless steel applications was reviewed. The materials properties
were analyzed in comparison to alternatives such as plastics, ceramic tiles, stones, glass,
wood etc. Additionally, selected case studies of public buildings with high with heavy
foot traffic were examined to assess real world performance and maintenance require-
ments. Insights from these sources were synthesized to evaluate the effectiveness of
stainless steel in enhancing hygiene, durability and public health outcomes.

3 Material Selection

Stainless steel is a material with versatile qualities and various advantages over many
other building materials for the construction and maintenance of public spaces. It has
inherent properties that can help improve public hygiene and reduce the spread of com-
municable diseases. Stainless steel is an alloy primarily manufactured from iron, car-
bon, and other elements such as chromium, nickel, and molybdenum, which resist cor-
rosion and oxidation. Nickel enhances the corrosion resistance and mechanical proper-
ties of stainless steel, while molybdenum improves toughness and resistance to corro-
sion from salts present in water.

The following key propertics make stainless steel a suitable building material for
public spaces where hygiene, durability, and environmental sustainability are of prime
concern.

3.1 Resistance to Corrosion

This property makes the material suitable and long-lasting in high-moisture environ-
ments. Stainless steel can contain 10 to 12 percent chromium. With 10.5% or more
chromium, a thin, invisible, chromium-rich oxide film is formed in the presence of at-
mospheric oxygen, acting as a protective shield against corrosion of the underlying ma-
terial. This film has a self-repairing capacity if damaged, protecting the metal from
corrosion. (Burgan, 1993)

3.2 Durability

The toughness of stainless steel can withstand the wear and tear expected in public
spaces.



Use of Stainless Steel in Public Spaces for Hygiene and Disease ... 165

3.3 Hygiene

Stainless steel is non-porous and can provide easy cleaning solutions that help inhibit
the accumulation of various pathogenic bacteria and viruses.

34 Fire Resistance

Steel is relatively more resistant to elevated temperatures compared to other metals such
as Aluminium and Copper.

3.5 3.5 Sustainability

Stainless steel easily meets the principles of a circular economy (reduce, reuse, recycle,
and recover), making it cost-effective and environmentally sustainable in the long run.

4  TImportance of Using Stainless Steel in Public Spaces

4.1  Public Buildings and Urban Infrastructure

Stainless steel is a highly suitable and safer material for public health and hygiene in
public buildings with heavy foot traffic. Transport hubs like airports, railway stations,
and bus stands have a steady flow of commuters, and regular maintenance is of extreme
importance along with maintaining high standards of public hygiene. Shopping malls
and exhibition halls and other recreational gathering spaces are also sources of infec-
tions leading to diseases and epidemics.

4.2 Sanitation Facilities and Public Restrooms

Restrooms in public spaces often have poor sanitation. Stainless steel fixtures such as
sinks, faucets, and dividing partitions are easy to clean and maintain sterile environ-
ments due to their corrosion resistance properties, even when harsh cleaning agents are
used.

4.3 Street Furniture

In open spaces like gardens, playgrounds, and streets, stainless steel can be a pertinent
choice for street furniture, as most other materials can weather, deteriorate, and degrade
from rain, sunlight, and environmental pollution.

4.4 Healthcare Facilities

Hospitals and clinics must have surfaces that are durable, resistant to wear and tear,
easy to clean, sanitize, and able to resist the spread of diseases and germs. Stainless
steel has smooth, non-porous surfaces, and pathogenic viruses and bacteria do not eas-
ily latch on to these surfaces.
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4.5  Water Treatment and Purification Plants

Due to its corrosion-resistant properties, steel is able to help maintain the purity of
drinking water; this ensures a check on the spread of epidemics and maintains public
health safety.

4.6 Sterile Areas

Research has shown that surface topography using micro patterns as a tool can be ap-
plied as a comprehensive technique to control the spread of communicable diseases.

5 Role of stainless steel in preventing disease spread

People in built environment especially public space are frequently touching surface
around them. In the built environment, contaminated surfaces and objects, also called
fomites, play a key role in the transmission of respiratory and enteric viral infections,
including the norovirus. (Lei et al., 2017) The spread of an infection is through touch-
able surfaces which is contaminated by touch of another infected person. Many out-
break [sic] reports also reveal the role of surface contamination (Tornley, et al.,2011).
It is seen that we cannot avoid touching surfaces at touchable locations in public spaces.
The commonly repeated advice to “wash hands frequently” may be replaced in future
by more strategic advice such as “clean surfaces right now”, or advice based on who
should wash their hands, and when. ((Lei et al., 2017)) To prevent the spread of com-
municable diseases materials should have following qualities:

Smooth surface topography, easy to clean, impermeable, seamless and should not be
prone to attract dust or moisture be naturally cleaning or sterilizing.

6 Surface topography and control of pathogens

Surface roughness is a measure of the texture of a surface. It is quantified by the vertical
deviations of a real surface from its ideal form. If these deviations are great, the surface
is rough, if they are small, the surface is smooth. (World Stainless, 2019) It is measure
of detailed structure of a material’s surface, it is a function of smoothness that is a
count of peaks and valleys and its overall texture that can control adherence of patho-
gens on it. Design of this surface texture can control adherence and colonization of
pathogenic viruses and bacteria on it.

Grainier or rougher surfaces are more favourable for pathogens than smoother ones.
Right surface topography can be used as a strategy to control the growth and spread of
pathogens.

Surface roughness can provide nooks and crevices that can be favourable grounds
for growth and breeding grounds of pathogens and bacteria. These surfaces can gener-
ally be difficult to clean and free these from its adhering pathogens in the minute crev-
ices and nooks of its roughness.
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However, micro textured surfaces can induce hydrophobicity on its surfaces which
can possibly control formation of wet environment where pathogens can thrive. (Taran-
num & Ahmed, 2023) Research has shown that surface manipulation by inducing
roughness at Nano and microscale can prohibit the bacteria inhabiting biofilms. This is
a function of hydrophobic behaviour of liquids to attach to the underlying surfaces. The
Nano and microscale of induced roughness to the surfaces that can make a surface to
resist the attachment of bacteria and control the colonization of pathogens, thereby min-
imize the risk of spreading infections. (Vestby et al., 2020)

These randomly micro textured surfaces can then be wiped clean and sanitized in the
periodic cleaning schedules. Although the roughness of a material provides probable
sites for infestation of bacteria by attaching to the surface and grainier surface pores are
difficult to wipe clean. Here smoothness is directly related to clean ability of a surface.
Yet at the micro and nano scales roughness is responsible for hydrophobicity of a sur-
face. At this level, an engineered surface can break the adhesion mechanism of bacteria
to establish bond with the underlying material. (Hsu et al., 2013) Careful design of the
surface in random textures with pointed or grooved patterns, will reduce water contact
surface and allow the water to slide off. This is a mechanism by which high water con-
tact angle is made with the contact surface to slide off water droplets similar to the
phenomenon which makes a lotus leaf surface hydrophobic. (Du et al., 2022)

Materials have different surface topographies and selection of right material will af-
fect the control and spread of pathogenic viruses and bacteria in public spaces. In com-
parison with the materials that are used in public spaces in built environment, stainless
steel surfaces have certain advantages.

7 Surface Treatment of Stainless steel

The surface of stainless steel can be manipulated owing to its hardness and strength. It
can play a significant role in enhancing its hygienic properties. The key objective of
surface manipulation of stainless steel is to make the surface smooth so as to make is
easier to clean and control the thriving of microbial growth. (Frank & Chmielewski,
2001). Many techniques can be employed to manipulate and improve the surface qual-
ities of stainless steel. Different grades of stainless streel address the problems of cor-
rosion to weathering conditions and structural qualities. Addition of copper in stainless
steel makes it more resistant to pathogens and create sterile surfaces.

Passivation is a technique of forming a layer of chromium oxide on the surface of
stainless steel in the presence of oxygen. (Maller, 1998) The layer inhibits corrosion
and removes any iron content from steel surface. Electro polishing is a process of re-
moving a thin layer of steel and thus removing any burrs or crevices. This reduces
chances of any pathogenic viruses and bacteria or dirt to adhere to the surfaces. Because
electro polishing reduces surface roughness, electro-polished stainless steel surfaces
may be more sanitary (Grimes et al., 1975).
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Electro-polishing process is successfully used to increase the smoothness of AISI-304
stainless steel surface by elimination of bacteria may harbor through the burrs of the
surface. (Awad, Ghazy, Abo El-Enin, & Mahmoud, 2012)

Using Copper to enhance the anti-bacterial qualities of stainless steel: Research has
shown that addition of copper to stainless steel can help enhance its anti-bacterial qual-
ities. Copper ions are known to destroy the cell walls and cell membranes of bacteria.
Thus, copper containing materials release ions from its base metals and these can de-
molish structure of bacteria. (Huang et al., 2023) It may be possible to copper coated
surfaces to contain microbial contamination and other viruses in future. Stainless steel
in design of structure if used in ways, will inhibit the potential contamination. Design
of structural members can also stop collection of rain and washing water.

Table 1. Examples of good and poor design features for durability

Avoid Use
Position steel sections in fabrications | Place sections facing so that they
that do not collect and retain rain or | drain water by gravity.
washing water in them.

Do not make lap joints in steel sections | Seal all lap joints at top
that allow water to seep though

Avoid welds at sharp corner locations Corner joints can be made higher than
horizontal surfaces by filleting.

Avoid horizontal overlaps at joints Make vertical member joints horizontal
members with minimum overlaps

Table and diagrams show few examples of good and poor design features for durabil-
ity, adapted from concise guide to the structural design of stainless steel. By Burgan,
B. A., 1993, The Steel Construction Institute, SCI-P-1, Second Edition.

8 Stainless steel in comparison to other materials in public
spaces to control spread of communicable diseases

Stainless steel is widely recognized for its corrosion resistance, durability, and hygienic
surface, making it highly suitable for high contact areas in public environments such as
handrails, benches, and touch surfaces. In comparison, commonly used materials such
as wood, ceramics, plaster, stones, bricks, glass, and plastics present various limitations
that reduce their effectiveness in hygiene-critical settings.
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Wood, for instance, is inherently porous and can easily harbor bacteria and other path-

ogens. Its rough surface topography makes cleaning difficult, and even frequent polish-
ing or painting cannot match the smoothness coefficient of stainless steel. Smooth
wooden surfaces are also susceptible to mechanical damage, including scratches and
cracks, which can trap dirt and microbes. Laminated wood improves surface quality,
but joints and edges still create crevices sufficient enough to collect dirt and contami-
nants.

Ceramic tiles, particularly glazed ones, provide a lining of smooth, impervious sur-
faces. These are relatively easy to clean. However, textured and patterned surfaces of
tiles can cause imperfections and possible sites for contamination. Joints in tiles are
also probable breeding grounds for pathogenic viruses and bacteria.

Plaster finished surfaces, are porous and grainier finishes and even painted surfaces
are highly prone to collection of communities of pathogens and bacteria. These surfaces
are highly prone to mechanical damages in public areas.

Stones, have varying porosity depending on its hardness they achieve varying grades
of smoothness after polishing. Stone like marble cannot take the harshness of cleaning
agents which can easily deprive the surfaces of its smoothness. The harder and compact
grained structure of stones like granite can be polished to smoothness of steel. Yet, the
stones with their joints cannot match the smoothness of stainless steel.

Brick and terracotta tiles, with plaster finished joints are extremely prone to dust and

dirt. These surfaces are not possible to be cleaned smooth from possible accumulation
of disease carrying bbacteria and viruses. These can prove to be sources of contamina-
tion in spread of epidemics especially in public places where touching them can not be
avoided.

Glass, surfaces are inherently smooth and if used in continuous expanses in ‘touch
zones’ it can provide possibilities of clean and hygienic surfaces. Glass has a hydro-
philic surface and moisture droplets carrying infections can easily attach to it. Glass is
also prone to breakage and require frequent replacements especially in frequent ‘touch
zones’.

Plastics, in general have smooth surface topography, which can further be enhanced by
mechanical means. However, plastics are prone to mechanical damage causing dents,
burrs and scratches on its surfaces that can cause roughness and leave dirt and dust etc.
accumulated on them. Comparative tests at the University of Leipzig's Hygiene Insti-
tute found that bacteria survive twice as long on plastic surfaces as on stainless steel
(Healthcare-in- Europe.com, 2006). The team’s conclusion was that the survival rate of
the bacteria and other pathogens was twice as high on plastic as on stainless steel or
glass.

In contrast, stainless steel has non-porous, smooth surface that is resistant to mechan-
ical damage and can easily be disinfected, thus reducing survival of microbes and their
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transmission. While the material has a higher initial cost and require routine cleaning
to maintain aesthetic appeal, its combination of durability, hygiene, and low long-term
maintenance makes it better option of application in high touch zones in public spaces.
Stainless steel is also fully recyclable, that can contribute to sustainable solutions, even
though its production consumes more energy. Future research may explore the long
term microbial resistance of different stainless steel grades and provide benefits that
will overcome its high initial cost for applications in areas with a high probability of its
use in the "touch zone" in public areas.

In general, integrating material properties, hygiene performance, and practical con-
straints, stainless steel emerges as the most strategically advantageous material for pub-
lic spaces where infection control, durability, and sustainable maintenance are critical
considerations.

9  Precautions in using stainless steel

Use appropriate finish on stainless steel surfaces in public spaces. Avoid patterned and
coarser finishes in public areas and ensure smoothness of surfaces is maximum in fre-
quent ‘touch zone’ areas at body level in general areas of public spaces. Highly engi-
neered micro and Nano textured steel may be used in special areas of health care facil-
ities. Besides above, following points can be considered while using stainless steel in
public spaces:

e Use copper alloyed stainless steel that has proven anti-bacterial properties as self-

sanitizing material based on the frequency of touching.

Jointing methods should be such that moisture and dirt do not lodge on to them.

Prevent contact with dissimilar metals to avoid galvanic corrosion.

Cathodic protection of steel in moisture prone areas.

Avoid and minimize joints near the ‘touch zones’. Use welded joints instead of bolts

and rivets. Welded joints must be cleaned smooth and coated with protective layers

to fill any roughness of surface.

e Avoid abrasive cleaning techniques, use of strong acids to maintain the smoothness
of surface.

e Prevent corrosion of steel

Corrosion of steel must be minimized as corroded rough surfaces will provide sites for
infestation of pathogenic viruses and bacteria. In wet and moisture prone zones avoid
joints that can lodge water on them for a longer period as it will cause corrosion of steel
and can create possible sites of contamination. There are certain prescribed methods of
using stainless steel to avoid its corrosion. This will allow easy cleaning of surfaces to
avoid contamination in public spaces.

Steel jointing should be carried out considering the water falling on it, so as the water
drains off quickly and moisture do not lodge on the joints and cause corrosion. The
draining water can also make steel self-leaning in outdoor applications.
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10 Using right type of stainless steel

Stainless steel is classified under five broad categories. Right kind of stainless steel
must be used for its applications in construction industry. Each type of steel has specific
qualities and applications must be based on the basis of demands of usage in buildings.

Austenitic stainless steel has excellent mechanical qualities and ability to resist
corrosion. Steel alloyed with chromium, manganese and lesser quantity of nickel is
referred as 200 series whereas when larger quantity of nickel is added in alloy mix it is
known as 300 series. Nickel is crucial component as it imparts versatility and better
resistance to corrosion. 18/8 and 18/10 austenitic steel is 18% chromium and 8 to 10%
nickel. When 2 to 3% of molybdenum is added it significantly improves its corrosion
resistance. Besides, austenitic stainless steel has excellent hygiene factor due to its easy
clean ability. It has easy weld ability, fabrication, formation and non-magnetic qualities.

Ferritic Stainless Steel are nickel free they are known as 400 series with 12 to 18%
chromium. These are easy to be made in thinner gauges but with poor weld ability and
difficult to work with than austenitic.

Martensitic stainless steels also classified in 400 series and contain about 13%
chromium. They are very hard and strong but provide moderate resistance to cor-
rosion and are difficult to weld.

Duplex stainless steels are also called ferritic-austenitic steels with varying propor-
tion of chromium 18-28% and 4.5-8% nickel to give austenitic crystal structure. Adding
2.5-4% molybdenum with nitrogen increases its strength and pitting resistance consid-
erably. It is not significantly used as building material but development of newer duplex
grades is under experimentation for a variety of uses.

Precipitation hardening stainless steel also known as Martensitic or semi-austenitic
steels have no application in building industry due to its complex heat treatment making
it costly. It has limited weld ability and can distort under stress. (Indian Stainless Steel
Development Association, n.d.).

In the larger perspective the environmental stress caused by pollution, lack of sanita-
tion, infectious diseases etc. are mitigated by the use of stainless steel due to its long
life, low maintenance, no volatile organic compounds emissions in its use in the envi-
ronment of public spaces. At the other end stainless steel is highly recyclable making it
a circular economy material as a resource

11 Conclusions

Public hygiene can be maintained if the ‘touch zone’ surfaces are cleaned frequently.
The material used on the surfaces plays an important role in clean ability of the surface.



172 A. Singh

Stainless steel has qualities that make it easy to clean and maintain public hygiene es-
pecially in public spaces. Modifying the surface of Stainless steel with techniques such
as passivation and electro-polishing can enhance and maintain its smoothness ensuring
easy clean ability for long periods of its use. Research is underway to enhance the sur-
face qualities by addition of copper to surfaces of stainless steel can increase its anti-
bacterial properties to reduce surface contaminations.

Creating micro and Nano textures on stainless steel surfaces can minimize the infesta-
tion of bacteria and pathogens. Stainless steel is an apt material for India’s growth story
where 70% of its urban infrastructure is still to be created.
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