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Abstract

In this study, an Arduino-based system was designed to disinfect railway system vehicles using
colloidal silver ions. To assess the effectiveness of the designed system, disinfection tests were
conducted on coins. The disinfection process was performed using colloidal silver ions at
concentrations of 10, 20, and 40 ppm, applied to the surface of coins for 30 seconds, 1 minute,
and 2 minutes at each concentration. During the sampling process, all surfaces of the coins were
wiped with cotton swabs soaked in maximum recovery dilution (MRD) containing 0.05% sodium
thiosulfate. The swabs were rubbed 10 times in both vertical and horizontal directions, and
placed in tubes containing 1 ml of MRD. The tubes were vortexed at 3000 rpm for 30 seconds to
homogenize the swab and MRD content. A 500 pl aliquot of the homogenized solution was
streaked onto Plate Count Agar (PCA) and Blood Agar using the streak plate method. The results
of the study demonstrated that colloidal silver ions inhibited microorganisms on the surface of the
coins by 90.77% to 100%, depending on the ion concentration and the initial microorganism
AL SR SSTEESPAN count, and that the effect was long-lasting.
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the year. However, the heavy chemicals used in these
disinfection processes can harm both the environment and
human health. Additionally, this increases health-related
expenditures significantly. Most disinfectants are produced by
foreign companies both domestically and internationally, and
since many of them are imported, billions of dollars are
transferred abroad each year. Disinfection of public transport
vehicles using environmentally friendly and non-harmful
antibacterial and antiviral agents (such as colloidal silver)
through automated systems, without the need for human labor,

1. Introduction
Rail systems (metro, tram, etc.) are one of the public
transportation options used by millions of people to travel
between different points throughout the year. However, these
transportation vehicles facilitate not only the movement of
passengers but also the transfer of millions of bacteria, viruses,
pathogens, and microbes. Despite cleaning efforts, public
transport can still be a breeding ground for the spread of
infectious diseases transmitted through viruses. Passengers who

contract infections may be unaware of their illness, as they may
not show symptoms, thus unknowingly spreading the virus to
everyone they come into contact with at work, home, and
elsewhere [1]. Therefore, instead of treating the disease after
symptoms appear, it is essential to prevent the disease from
entering the body in the first place. In this case, the first term that
comes to mind is disinfection. The disinfection process can be
defined as the removal of harmful microorganisms, such as
viruses and bacteria, from an environment, surface, or area. For
these reasons, it is necessary to implement modern disinfection
methods in rail systems used by millions of people throughout

can reduce the import of expensive medical diagnostics and
treatment devices, thus contributing to the reduction of our
country's current account deficit. In this study, a design for an
Arduino-based system has been developed to provide long-term
protection for all enclosed areas and surfaces of rail system
vehicles, utilizing the non-harmful and long-lasting properties of
colloidal silver ions as a broad-spectrum antibacterial and
antiviral disinfectant through a cold fogging method. Colloidal
silver is obtained by colloiding silver particles in water [2]. It is
Scientifically, it is a well-accepted fact that this property belongs
to silver. Unlike other disinfectants, one of the significant
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features of silver is that it does not lose its efficacy over time and
can remain suspended in the air for extended periods.
Nanoparticles of silver, which have been reported to kill 650
known pathogens, whether mutated or not, in a very short time
[3,4] are also being used against the Covid-19 virus and its
variants, with which we are currently engaged in a serious battle.
The efforts against Covid-19 and its variants have generally been
carried out using a large workforce. During the Covid-19 period,
many companies emerged that specialized in transportation
disinfection, charging significant fees for these services.
Furthermore, it is known that many of these companies used
chemicals containing heavy toxic substances that are harmful to
human health in their disinfection processes. Although the
disinfectants used in these processes are approved by the
Ministry of Health, they typically fall into the high-level
disinfectant category, making the presence of living organisms in
the application environment extremely risky. In this study, it is
suggested that the colloidal silver ions proposed for use do not
pose any harm as long as the oral dosage does not exceed 5
micrograms/kg/day.

2. Materials and Methods

In the designed project, an Arduino-based system design has
been developed that automatically performs all processes to use
colloidal silver ions, obtained by colloidizing silver particles and
water, for environment disinfection through cold fogging,
instead of chemical disinfectants with harmful toxic effects that
damage human health. This system will save human labor and
time, while also preventing harm to the environment and human
health.

o produce system hardware an
software.

To design rail system vehicle.

To detect the antimicrobial effect
colloidal silver ions.

Figure 1. System Stages

The design of this study consists of three main stages. Fig 1
illustrates the stages of the designed system.

2.1 System Design and Software
Assignments

Wall Fogging Tlme

Stop Fogging

Start Ventilation Start Ventilation

‘ ‘ Wait Ventilation Time ‘ ‘ Wait Ventilation Time ‘ ‘

"Announcment Disinfaction
is Succesful"

"Announcment
Figure 2. Flowchart of System Software

i

“Announcment
Ventilation is Succesful”

Ventilation is Succesful”

The flowchart for the system software, which is the first of the
three main processes of the designed project, is given in Figure
2, and the block diagram showing the general structure of the
hardware is presented in Fig 3.

Furthermore, the principal components employed in the project,
along with their respective functions within the system, are
delineated below. (In Figure 4-8)

PIR MODULES

Figure 3. Block Diagram of Designed System

»  Arduino Board
Arduino is a microcontroller platform with open-source software
and hardware. An image of the Arduino microcontroller board is
presented in Fig 4. Using this board, the necessary commands
were sent to the system, and appropriate outputs were generated
by receiving feedback from the system.
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Figure 4. Arduino Board

»  Motion Sensor
The motion sensor (PIR sensor) derives its name from the
abbreviation of the words Passive Infra-Red. As the name
suggests, the motion sensor detects changes in heat and infrared
waves, and in this project, it is used to determine whether there is
a living being inside the wagon. An image of the PIR sensor is
shown in Fig 5.

Figure 5. PIR Sensor

» LCD Secreen
The LCD screen (Liquid Crystal Display) is a type of flat-panel
display technology that visually presents information and images
using layers of liquid crystals. An image of the LCD screen is
shown in Figure 6. Through this screen, the current stage of the
process can be monitored from the marquee.

Figure 6. LCD Secreen

»  Ultrasonic Spray Nozzle

It is the most critical component of high-pressure misting
systems capable of atomizing a liquid and dispersing it as a
fine mist that remains suspended in the air. A visual
representation of the spray mist nozzle is provided in Fig 7.
Using the spray nozzle, colloidal silver ions were released into
the environment in micro-particle form, enabling effective
disinfection of the area.

Figure 7. Ultrasonic Spray Nozzle

»  Clean and Contaminated Air Fans
These fans regulate the airflow within the system by directing
clean air into the environment while extracting contaminated air.
By ensuring continuous air circulation, they help maintain a
controlled atmosphere and contribute to the overall efficiency of
the disinfection process.

Figure 8. Clean Air Inlet and Contaminated Air Outlet
Fans

»  Alert Signal Components (Speaker + DFPlayer)

This unit consists of a speaker paired with a DFPlayer audio
module, which is capable of playing pre-recorded audio files. It
is used to generate audible warning signals or status
notifications, informing users about the operation stages of the
system or alerting them to any critical conditions.

Colored Indicator Lighting

The colored lighting elements provide visual feedback regarding
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the system’s current status. Different colors indicate various
operational states—such as standby, active disinfection, or
completed processing—enabling users to monitor the system
from a distance.

» Start and Stop Buttons Enabling the Operation
and Shutdown of the System
These buttons serve as the primary control interface for the user.
The start button activates the system and initiates the
programmed sequence, while the stop button halts all operations
safely and immediately when required.

2.2 Design and Manufacturing Process of a Rail System

Vehicle Prototype System Design and Software
Currently, computer-aided systems are widely used in design
and manufacturing processes. Numerous design software, each
with different features, have been developed in this field. Among
these, SolidWorks stands out as the most preferred three-
dimensional design software globally due to its user-friendly
interface and command structure [5]. SolidWorks was chosen for
the rail system vehicle prototype because it's a complex model
with multiple parts that need to be assembled compatibly, and
manufacturing drawings need to be prepared. A suitable rail
system vehicle prototype was developed to easily accommodate
micro-particle nozzles for disinfection and in-vehicle motion
detection sensors. The rail system vehicle model was designed
using SolidWorks 2018 3D CAD software. For the
manufacturing and assembly of the created model, 1/1 scale two-
dimensional technical drawings were prepared. The general
dimensions of this model are presented in Fig 9. For the rail
system vehicle prototype, 2 mm thick galvanized steel sheet was
chosen as the material. In the initial stage, the sheet metal
components used in the designed model were shaped by bending
them to the desired forms and angles. Subsequently, the sheet
metals were joined using the electric arc welding technique, and
necessary leveling operations were performed. After machining,
plastic forming, and welded joining processes, the created
prototype was painted to achieve an aesthetic appearance.
Figures 10(a)—(d) illustrate the developed prototype, as well as
the installation of the misting system and motion sensors within
the vehicle. The final state of the created prototype is shown in
Fig 10.

Figure 9. The 3D Solid Model of the Rail System Vehicle

Figure 10. The Integration of the System into the Railway
Vehicle

2.3 Detection of the Antimicrobial Effect of Colloidal

Silver lons

2.3.1 Selection and Storage of Coins
For this study, a total of 9 coins (1t), each with a surface area
of 12.35 cm?, were selected from those produced between
2016 and 2022. No cleaning or disinfection procedures were
applied to the coins prior to surface sampling. After surface
sampling, colloidal silver ions at concentrations of 10, 20, and
40 ppm were applied to the entire surface of each coin for 30
seconds, 1 minute, and 2 minutes, with each coin subjected to
a different parameter. The colloidal silver-treated coins were
stored stacked under room conditions for a period of 1 week.
After this period, surface samples were taken again from the
coins on top of the stack and those between the coins.

2.3.2 Surface Sampling
Surface sampling was performed according to 1SO 18593
(2018) and isolation procedures were conducted in accordance
with ISO 4833-1 (2013). During the sampling procedure, all
surfaces of the coins were swabbed with cotton swabs soaked
in maximum recovery dilution (MRD) containing 0.05%
sodium thiosulfate, which were then rubbed 10 times both
vertically and horizontally. The swabs were placed in tubes
containing 1 ml of MRD. The tubes were vortexed for 30
seconds at 3000 rpm to homogenize the swab and MRD
content. A 500 pL aliquot of the homogenized solution was
streaked onto Plate Count Agar (PCA, Merck 105463) and
Blood Agar (Merck, 110886) using the streak plate method.
The Petri dishes were incubated at 30-35°C for 24-48 hours.
After incubation, all colonies that formed were counted, and
the colony count on the surface was calculated using Equation
(1).
N*F*D
NTTTA
where:
Ns = Colony count cfu log/cmz.

@
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N = The number of bacteria in 1 ml of dilution fluid.

F = The volume of dilution fluid in the tube.

A = The surface area sampled in square centimeters.
If the surface cannot be measured, this value is considered to
be 1.

D = The dilution factor used.

3. Conclusions
The findings of this study are presented in Tables 1 and 2. The
results indicate that the inhibition efficacy of colloidal silver

ions varies depending on ion concentration and the initial
microbial load, achieving between 90.77% and 100%
inhibition of microorganisms per cm? on the coin surface
(Figure 10 (a)—(d)). However, no detectable reduction in
microbial count was observed following a 30-second
treatment with colloidal silver ions at a concentration of 10
ppm. The lowest concentration-time parameter at which the
inhibitory effect of colloidal silver ions on microorganisms
was first observed was determined to be 10 ppm for 1 minute.

Table 1. Comparison of the Average Colony Count Resulting from the Incubation

Average Colony Count (cfu) log/cm?
Colloidal Silver lon Disinfectant application time
Concentration (ppm) 30 sec 1 min 2 min
Before After Before After Before After
10 Innumerable Innumerable 2.022 0.99 2.714 1.464
20 156 ﬁ;':;‘l’t'f;ﬁ 1.464 0.862 1561 ﬁ%’:;)‘l’t'f;ﬁ
40 2.022 0.209 2.686 0.209 2.531 1.163

Table 2. Comparison of Experimental Results for

Inhibition
% Inhibition
Disinfectant application time

Colloidal Silver

lon . .
Concentration 30sec 1 min 2 min

(ppm)
10 Ineffective 90.77 94.38
75 (because
20 100 of mold ) 100
40 98.46 99.67 95.71

(<) (d)
Figure 11. Colonies formed before and after disinfection
on (a) PCA at 10 ppm for 1 minute, (b) PCA at 40 ppm for
30 seconds, (c) PCA at 40 ppm for 2 minutes, and (d)
Blood Agar at 10 ppm for 2 minutes.

It was determined that treatments with colloidal silver ions at
a concentration of 20 ppm for 30 seconds, 1 minute, and 2
minutes were 75-100% effective against microorganisms;
however, they were unable to completely inhibit mold
colonies present in the environment (20 ppm-1 minute). In
treatments using colloidal silver ions at 40 ppm for 30
seconds, 1 minute, and 2 minutes, inhibition rates between
95.71% and 99.67% were observed. The findings of this study
further demonstrated that the antimicrobial effect of colloidal
silver ions is long-lasting. Within the scope of the study, coins
treated with colloidal silver ions and subsequently stored
under room conditions for one week exhibited significantly
lower microbial loads compared to untreated coins. Moreover,
coins that were stacked together showed no detectable
microbial growth on those positioned between the stacked
layers. These results indicate that colloidal silver ions
substantially reduce microbial contamination on metal
surfaces and that their antimicrobial effect persists over time.

A video demonstrating the designed system can be accessed
via the QR code below :
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