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Abstract

'The aims of this study were to evaluate the change in wettability and surface tension of metallic and polymeric surfaces before and after disinfection using current and
new disinfectant products such as Bioxy. Seven materials often found in hospitals were used: Linoleum, vinyl, melamine, PVC, stainless steel, galvanized steel and
aluminum. 7 disinfectants were used: Bioxy H1, Bioxy H5, Bioxy +1, Bioxy +5, sodium hypochlorite, hydrogen peroxide and quaternary ammonium. 24 samples of
each of the 7 materials were used. The samples were divided into 3 groups: Water, formamide and diiodomethane. These 3 groups were subdivided into 8 groups as
follows: original material, material + Bioxy H1, material + Bioxy H5, material + Bioxy +1, material + Bioxy +5, material + sodium hypochlorite, material + hydrogen
peroxide and material + quaternary ammonium. We calculated surface tension with the Owens/Wendt model by using contact angle measurements using the sessile
drop method. The results showed that the majority of the time Bioxy H5 was used (in some cases, Bioxy H1 as well), the contact angle was significantly lower, and

surface tension was greater.

Abbreviations: CA: contact angle; HP: hydrogen peroxide; PVC:
polyvinyl chloride; QA: quaternary ammonium; SH: sodium hypochlo-
rite; SV: Surface-vapor

Introduction

Nosocomial infections are one the primary causes of infections
in hospitals and health centers, and controlling it requires a better
understanding of the disinfectants used. Nosocomial infections have
an incidence rate of 5-10 % [1]. A WHO prevalence study puts its
prevalence rate at 3.0-20.7%. By having infection control programs in
hospitals, 33% of nosocomial infections can be prevented [1]. It has
been reported that there is a quarter of a million nosocomial infections
that occur annually [2]. Amongst the most common ones, infections
caused by Staphylococcus epidermidis and Staphylococcus aureus
represent 70-90% of the infections found in implants [3]. Moreover, it
is important to elucidate whether these disinfectants interfere positively
or negatively with the adhesion mechanism, as they can help determine
which disinfectant is most suitable depending on the surface.

The purpose of this study was to compare the effects of the different
disinfectants on the surface of various materials commonly found in
the hospital environment. A complete study about how these products
would affect hospital’s materials surface is determinant for its safe use
as well as for its improvement. Economically, this project has huge
impact at global market of hospital’s disinfection, and in some cases
sterilization.

Our objective in the first part of our study was to determine the
potential damaging effects of the 7 disinfectants on various materials.
Our primary concern for this study is to establish the effect these
disinfectants have on the wettability and surface tension of the same
materials, to have a better understanding of the physiochemical
properties of the materials. Moreover, surface roughness,
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hydrophobicity and surface free energy are known to influence
bacterial adhesion [4,5]. In regards to surface tension, depending on
the physicochemical properties of the substrate, the bacterial strain and
the solution (or disinfectant) used, bacterial adhesion may vary greatly
[6]. Hence, surface hydrophobicity is important in the interaction
between surface’s composition and the bacteria.

The objective of the present study is therefore to test and compare
each of the contact angles (wettability) of various surfaces commonly
found in hospitals when in contact with the seven disinfectant agents.
Wettability plays an important role surface cleaning and disinfection.

Materials and methods

Bioxy H is a powder product that generate 3 disinfectants:
quaternary ammonium (Quats), hydrogen peroxide and neutral
peracetic-acid; in comparison with Bioxy+ which one does not contain
the presence of ammonium compound. During this study is important
to compare the effect of Bioxy products with the active compounds that
are present also in products of the competitors, Sodium Hypochlorite
(NaOCl), Hydrogen Peroxide (H,02) and Quaternary ammonium
(NR*), in order to determine the effect of the surface of each reactive.
Studies have shown that certain products have a different impact on

Correspondence to: Jessica Dayan, Laboratory of Innovation and Bioperformance
analysis, Polytechnigie School Montreal.CP 6079, Stn. Downtown Montreal, QC
H3C 3A7, Canada, Tel: (514)340-4711 ext: 4183, E-mail: jessica.dayan@polymtl.ca

Key words: contact angle, disinfectant, surface tension, wettability

Received: September 10, 2016; Accepted: September 30, 2016; Published:
October 06, 2016

Volume 1(2): 48-53



Dayan J (2016) Effect of disinfectants on wettability and surface tension of metallic and polymeric surfaces found in hospitals

cleansing ability and disinfection then others. Sodium hypochlorite
for example has poor cleaning abilities even though it has the proper
characteristics for a disinfectant [7].

In order to do so, Bioxy H and Bioxy + were each prepared at
two concentrations, 1% and 5%, and were then compared to other
disinfectants used in the hospital: sodium hypochlorite, hydrogen
peroxide and quaternary ammonium. Each of these disinfectants were
then tested on various materials commonly found in hospitals such as
aluminum, galvanized steel, stainless steel, vinyl, linoleum, PVC and
melamine.

One of the new products designed by ATOMES FD, Bioxy H, is
composed of Sodium Carbonate (30-70%), ethylbenzyl ammonium
chloride (2%) and chloride (2%), along with other non-hazardous
components. This powered product was mixed with 100ml of sterile
deionized water and was mixed for 10 minutes prior to testing.

Once Bioxy H dissolves in water, it releases three active compounds;
peracetic acid, hydrogen peroxide and polyQuaternary ammonium
chloride [8]. Peracetic acid is a compound known to sanitize surfaces
[9]. We would like to analyze the effect of these compounds on the
different surfaces.

Solution preparations

Bioxy H 1% concentration was prepared by mixing 100 ml H,O
with 1g Bioxy H. for Bioxy H at 5% concentration, 100 ml H,O
was mixed with 5g of Bioxy H product. The same proportions were
applied for Bioxy +. At 1% concentration we mixed 100 ml H,O with
1g Bioxy+, and at 5% concentration we mixed 100 ml H,O with 5g
Bioxy+. Sodium Hypochlorite (SH) at 10% (100 000ppm) was prepared
by mixing 100ml of H,O with 4.16 ml SH. Hydrogen Peroxide (HP) at
30% (300 000ppm) was prepared by mixing 100ml of H,0 with 3 ml of
HP. Finally, for Quaternary Ammonium (QA) 10% (100 000ppm), 100
ml of H,O was mixed with 5 ml of QA.

Measurement of contact angle (Wettability)

The most common approach to determine the wettability of a surface
is by the sessile drop technique using a goniometer. The wettability is
quantified by measuring the contact angle (CA). Surfaces with CA
between 0° to 90° are considered hydrophilic, while CA between 90°
and 180° are considered hydrophobic [10]. Studies have shown that, as
oppose to hydrophobic surfaces, hydrophilic surfaces are more likely
to enhance cell adhesion, proliferation and differentiation [11,12].
The wettability is crucial for the evaluation of adhesion properties
and for the analysis surface modification [13]. The more hydrophilic a
surface is, the more easily a disinfectant will spread across the surface
and disinfect it. However, as a tradeof, the more a liquid spread, the
more it can get absorbed by the surface and cause damaging effects.
Theoretically speaking, hydrophobic bacterial strains (including
hydrophobic cell membranes) are more likely to adhere to hydrophobic
surfaces, and it goes for hydrophilic bacteria with hydrophilic surfaces
[14]. For example, some studies have shown that there seems to be a
correlation between bacteria such as S Staphylococcus aureus and S.
epidermidis and hydrophobicity (surface wettability), and that it leads
to its adhesion [15].

To measure the contact angle, and thereby wettability, we used a
VCA Optima XE from AST Products, and a 100 pl syringe Hamilton
Company. Each of the 7 materials was disinfected with each of the 7
disinfectant products (and one control) as follows: Original sample,
Original + Bioxy HI, Original + Bioxy H5, Original + Bioxy +1,
Original + Bioxy +5, Original + sodium hypochlorite, Original +
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hydrogen peroxide, Original + quaternary ammonium.

We rubbed each of the seven products 10 times in the same
direction to disinfect every surface. They were then air dried for at least
20 minutes and placed on the contact angle equipment. The syringe was
rinsed 3 times with water before use. Contact angle measurements were
done using 2ul of distilled water on each sample. The measurements
were taken =5 seconds after the droplet was placed on the surface to
allow it to stabilize more with its environment. Three measurements of
the contact angle were taken (for both the left and right side), and the
average was calculated. We then calculated the standard deviation of
each surface and performed a T-test to determine whether or not there
was a statistical significant difference between the samples.

Measurement of surface tension

Surface tension measures the surface reactivity or adhesiveness
to its environment [16]. Commonly, surface tension is caused by the
asymmetry of the cohesive forces of molecules at a surface, which
tends to minimize the surface area [17]. Disinfectant products, and
subsequently bacteria, may adhere or not to the surface depending on
the physicochemical properties of the substrate, bacterial strain and
aqueous solution used [18]. In this study, the surface tension at the
solid-vapor interface of each surface was calculated.

To measure surface tension, the same procedure as the one
described above took place, however the procedure was repeated two
more times using this time formamide and diiodomethane (as opposed
to just water for wettability). The syringe was rinsed 3 times with each
liquid respectively. The average of the contact angle measurement of
each sample was then calculated. We used the Owen-Wendt model to
calculate the surface-vapor tension (SV) [19].

Results

This study evaluated the wettability and surface tension of 7
materials commonly found in hospitals that were disinfectant with 7
different disinfection products. Comparative data of contact angles
showed in the Figures (Figures la to 7a) were subjected to statistical
analysis. Corresponding surface tension are shown in Figure 1b to 7b
respectively.

The results showed that the use of Bioxy H5, and sometimes Bioxy
H1, increased the surface tension of the materials.

Linoleum

All the linoleum surfaces are considered hydrophilic since they
have a contact angle smaller than 90°. Bioxy H5 is the most hydrophilic
with an angle of 24.2° (Figure 1a). A T-test shows there was a significant

difference between Bioxy H5 and the other disinfectants.
HP A

Figure 1a. Wettability (contact angle) of linoleum with original surface and with the
addition of seven disinfectants. 3 readings of each sample was taken (n=3).
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Surface Tension
Surface Tension of Linoleum with Original Surface and 7 Disinfectants
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Figure 1b. Surface tension of linoleum with original surface and with the addition of the
seven disinfectants. 3 readings of each sample(n=3) was taken with water, form amide and
diazomethane.

L y=ll -(1+cos(6))

x= = =
Vi 2Jr;
Original = Bioxy | Bioxy | Bioxy | Bioxy SH HP QA
H1 H5 +1 +5
‘SV(mN/m) 43,19 30,18 | 66,37 | 35556 @ 39,48 | 32,32 | 30,99 @ 37,08 ‘
Vinyl

All the vinyl surfaces are more or less hydrophilic with an angle
ranging between 12.73° and 90.7°. Bioxy H5 makes vinyl the most
hydrophilic with an angle of 12.73° (Figure 2a). The T-test showed there
was a significant difference between Bioxy H5 and the other products.
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Figure 2a. Wettability (contact angle) of vinyl with original surface and with the addition
of seven disinfectants. 3 readings of each sample was taken (n=3).

Surface Tension

18.0000 Surface Tension of Vinyl with Original Surface and 7 Disit

16.0000
14.0000
12.0000
10.0000
8.0000 —
6.0000 @i i
4.0000

Figure 2b.Surface tension of vinyl with original surface and with the addition of the
seven disinfectants. 3 readings of each sample(n=3) was taken with water, formamide and
diiodomethane.

1
x= 7L, 70+ cos(@)

ri T a2y

Original = Bioxy Bioxy | Bioxy +1 Bioxy +5 SH HP QA
H1 HS
NY% 29,88 29,66 15,28 29,73 23,05 27,52 25,65 27,64
(mN/m)
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Melamine

Just like the original surface, all the disinfectants make melamine a
hydrophilic surface. Bioxy H5 (47.3°) is statistically significantly lower
than all the other surfaces except Bioxy H1. Since there was no statistical
difference with Bioxy H1 (53.55°), more t-tests were done, and it was
found that there is also a significant difference between Bioxy H1 and
the other products.
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Figure 3a. Wettability (contact angle) of melamine with original surface and with the
addition of seven disinfectants. 3 readings of each sample was taken (n=3).
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Figure 3b. Surface tension of melamine with original surface and with the addition of the
seven disinfectants. 3 readings of each sample(n=3) was taken with water, formamide and
diiodomethane.
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PVC

x=

Bioxy +1 and Bioxy +5 are the only two disinfectants that seem
to make PVC slightly hydrophobic, with angles of 91.52° and 92.93°
respectively. T-tests were performed and it was observed that Bioxy
H1 (14.37°) and Bioxy H5 (12.13°) were statistically significantly lower
than the other disinfectants.
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Figure 4a. Wettability (contact angle) of PVC with original surface and with the addition
of seven disinfectants. 3 readings of each sample was taken (n=3).
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Surface Tension
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Figure 4b.Surface tension of PVC with original surface and with the addition of the
seven disinfectants. 3 readings of each sample (n=3) was taken with water, formamide
and diiodomethane.

r K GEane)
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Stainless Steel

All the different surfaces of stainless steel are hydrophilic, with a
range of 13.5° to 87.1°. The t-tests showed that both Bioxy H5 (13.5°)
and Bioxy H1 (15.6°) were significantly lower than the other surfaces.
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Figure 5a. Wettability (contact angle) of stainless steel with original surface and with
the addition of seven disinfectants. 3 readings of each sample was taken (n=3).
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Figure 5b. Surface tension of stainless steel with original surface and with the addition
of the seven disinfectants. 3 readings of each sample(n=3) was taken with water,
formamide and diiodomethane.
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P
e= e Vi Qo)

Yi B ZJE

\ Original | Bioxy H1 | Bioxy H5 Bioxy+1 | Bioxy+5| SH HP QA
SV | 3547 | 6963 | 7077 | 2297 | 3623 | 2915 | 3578 | 3068
(mN/m)
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Galvanized Steel

There seems to be a wider range for the surfaces of galvanized steel
in terms of wettability. Bioxy +1 and sodium hypochlorite are the only
ones that are slightly hydrophobic (91.3° and 95.1°, respectively). The
t-test showed that only Bioxy H5 was significantly lower than the other
surfaces, making it the most hydrophilic.

Wettability
Wettability of Galvanized Steel
120.00
100.00
< 80.00
[
= 60.00
< 40.00
20.00
0.00
Original BioxyH1 BioxyH5 Bioxy+1l Bioxy+5

H Galvanized Steel

Figure 6a. Wettability (contact angle) of galvanized steel with original surface and
with the addition of seven disinfectants. 3 readings of each sample was taken (n=3).
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Figure 6b. Surface tension of galvanized steel with original surface and with the
addition of the seven disinfectants. 3 readings of each sample(n=3) was taken with
water, formamide and diiodomethane.

1
x= YL e ¥, - (1+cos(8))

Y

‘ Original | Bioxy H1 | Bioxy H5 | Bioxy +1 | Bioxy +5 SH HP

Sv 27,48 39,58 50,40 25,85 33,98 30,92 28,18 39,89
(mN/m)

Aluminum

The original surface of aluminum and the aluminum surface with
hydrogen peroxide are the only ones that are hydrophobic, with angles
of 95.4° and 100° respectively. Interestingly, the t-tests showed this
time that Bioxy H5 and Bioxy +1 were the ones that were significantly
lower than the others, making them the most hydrophilic.

Wettability
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Original BioxyH1 BioxyH5 Bioxy+1l Bioxy+5
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Figure 7a. Wettability (contact angle) of aluminum with original surface and with the
addition of seven disinfectants. 3 readings of each sample was taken (n=3).
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Surface Tension
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Figure 7b. Surface tension of aluminum with original surface and with the addition
of the seven disinfectants. 3 readings of each sample(n=3) was taken with water,
formamide and diiodomethane.

Where
|}(p
r= L, i)
Vi B [ a
2J7:
Original | Bioxy | Bioxy & Bioxy | Bioxy SH HP QA
H1 H5 +1 +5

sV 38,68 39,34 59,78 | 56,69 | 33,68 @ 3574 | 36,16 | 40,13
(mN/m)

Discussion

The results show a correlation between wettability and surface
tension. As the wettability increases (contact angle decreases), the
surface tension at the solid-vapor interface generally increases as well.
When surface tension at the solid-vapor interface is high, there is a
higher affinity for adhesion [16]; hence the water particles will dissipate
more throughout the surface, which will cause a lower contact angle.
Bioxy H5 is statistically significantly different than all of the other
disinfectants except for Bioxy H1 or Bioxy +1 in some cases. This result
would entail that Bioxy H5 spreads out the most on surfaces, a valuable
characteristic for a disinfectant, as it can disinfect a greater surface area.

According to a study, disinfectants may cause an alteration in
surface tension and wettability [20]. When the materials, both polymers
and metals, were subjected to disinfectant procedures, there was
sometimes a decrease in the contact angle values, especially when Bioxy
H5 was used. Therefore, Bioxy H5 increase the values of surface free
energy (i.e surface tension) at the solid-vapor interface and decreases
the contact angle in relation to the disinfectants, thus allowing a better
wettability. Bioxy H5, Bioxy H1 and in some cases Bioxy +1 interfere
positively with the adhesion mechanism since they have a high surface
tension and wettability on the surfaces. In terms of hydrogen peroxide
and sodium hypochlorite, we can observe a higher contact angle and
lower surface tension, which would imply its weakness as disinfectant
agents. Currently on the market there are different versions of hydrogen
peroxide and sodium hypochlorite, which include tension-active
agents, to allow for a greater surface tension wettability capability.
Furthermore, tension-active agents allow the disinfectant to properly
penetrate the microbial structure, which aids in their elimination.

With regards to our previous study, we suspect a correlation with
the FTIR results and the ones found in this study. The surfaces with a
greater surface tension generally have a higher hydroxyl group peak
[21]. This would suggest that the water particles adhere to the surface
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due to high surface tension, and hence why the hydroxyl group would
be detected by the FTIR.

Further analysis needs to be done on whether the increase in
wettability affects the surface composition with the increase in humidity
(due to possible disinfectant being absorbed by the surface). No other
work in the literature has evaluated the effect of these disinfection
substances on the wettability and surface tension of these hospital
materials.
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