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Abstract

Background: The objective of this study was to evaluate the extent and potential mechanisms of early onset
surface damage from simulated wiping typical of six-months of routine disinfection and to assess the subsequent
microbial risk of surfaces damaged by disinfectants.

Methods: Eight common material surfaces were exposed to three disinfectants and a neutral cleaner (neutral
cleaner, quaternary ammonium, hydrogen peroxide, sodium hypochlorite) in accelerated aging tests to simulate a
long-term disinfection routine. Materials were also immersed in dilute and concentrated chemical solutions to
induce surface damage. Surfaces were chemically and physically characterized to determine extent of surface
damage. Bactericidal efficacy testing was performed on the Quat-based disinfectant using a modified version of
EPA standard operating procedure MB-25-02.

Results: The wiping protocol increased surface roughness for some material surfaces due to mechanical abrasion of
the wiping cloth. The increased roughness did not correlate with changes in bactericidal efficacy. Chemical damage
was observed for some surface-disinfectant combinations. The greatest observed effects from disinfectant exposure
was in changes in wettability or water contact angle.

Conclusions: Early onset surface damage was observed in chemical and physical characterization methods. These
high-throughput material measurement methods were effective at assessing nanoscale disinfectant-surface
compatibility which may go undetected though routine macroscale testing.
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Background
Environmental cleaning practices are key to preventing
the transmission of healthcare-associated infections
(HAIs), which resulted in ~ 75,000 deaths in the United
States in 2011 [1]. Surface-applied disinfectants are fre-
quently used in environmental cleaning as part of the
regular hygiene plan. The high-frequency of disinfectant
products coming into contact with a wide range of sur-
faces has the potential to induce incremental damage
through each exposure. The risk of damage to the sur-
face is subject to several influences. The age of the sur-
face, exposure time, chemical composition of the
disinfectant, and method of disinfectant application all

contribute to potential surface damage [2]. The CDC’s
Guidelines for Disinfection and Sterilization in Health-
care Facilities lists the shortcomings of various disinfec-
tion chemicals, including what kinds of surfaces they
can damage [3].
An article by Spaulding in 1964 reviewed alcohol as a

disinfectant and showed that alcohol has been known to
damage certain materials [4]. Likewise,
disinfectant-induced corrosion of stainless steel has been
reported where the damage is undetectable to the naked
eye [2]. Although small, this mild degree of surface dam-
age can provide a place for bacteria to inhabit and grow.
Repeated use of a disinfectant on a damaged surface will
only exacerbate the damage and create a wider berth for
bacteria to inhabit [2]. Although it has been known for
some time that repeated exposure of a surface to a disin-
fectant can cause surface damage, the effect on disinfect-
ant efficacy has not been quantified. The objective of
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this study was to evaluate the extent and potential
mechanisms of early onset surface damage from simu-
lated wiping typical of six-months of routine disinfection
and to perform a limited assessment of the subsequent
microbial risk of surfaces damaged by disinfectants. We
hypothesized that subtle changes in the surface chemis-
try or morphology, as a result of disinfection-induced
damage will create potential micro-environments where
bacterial pathogens can persist.

Methods
Surface damage characterization
Six different types of polymers, a glass, and a metal sam-
ple are examined. The six polymers are high density
polyethylene (HDPE), acrylonitrile butadiene styrene
(ABS), ethylene propylene diene monomer (M-class)
rubber (EPDM), low density polyethylene (LDPE),
Formica-like material (Garolite LE, McMaster-Carr), and
polycarbonate (PC). Table 1 shows their mechanical
property (hardness) and water absorption property,
which were provided by the distributor, McMaster Carr.
These six polymer surfaces were selected as they repre-
sent a range of hardness and mechanical strength. We
intentionally selected polymers that were not manufac-
tured into specific products to focus on the
material-disinfectant compatibility for common polymer
materials. Microscope slide glass and 304 stainless steel
were used for the glass samples, and metal samples, re-
spectively. All polymer and metal samples were cut into
coupons (1 ft. × 2 in.) used for the control, wiping, and
immersing by being exposed to disinfectants which were
tested at both ‘full strength’ and diluted per label specifi-
cations. The coupons were subsequently cut into ap-
proximately 1 in × 2 in samples for characterization. The
Quaternary (Quat) disinfectant (Virex II 256, EPA Regis-
tration 70,627–24, Diversey Inc., Charlotte NC) was uti-
lized as full strength (no dilution), and diluted solution
at 1:256 with deionized water. The Improved Hydrogen
Peroxide disinfectant (Oxivir Five 16, EPA registration
70,627–58, Diversey Inc., Charlotte NC) was used full
strength and diluted at 1:16 with deionized water. The
sodium hypochlorite disinfectant (Clorox Germicidal
Bleach, EPA registration 5813–100, Clorox Company,

Pleasanton CA) was utilized full strength and diluted at
1:8 with deionized water, as a control, Prominence Neu-
tral Cleaner (Diversey Inc., Charlotte NC) was used full
strength and at a 1:256 dilution.
All utilized solutions are summarized in Table 2. One

set of samples was wiped twice in each direction as con-
sistent as possible with disposable Kimtech wipes wetted
with a predetermined amount of liquid and allowed to
dry for 10 min. The wiping compression stress was ap-
proximately 0.04MPa, applied by hand to simulate “real”
cleaning conditions. This cycle was repeated 200 times
for all of the product/surface combinations. Another set
of samples were immersed in closed containers with the
disinfectant solutions for 4 weeks at room temperature.
All treated samples were rinsed with deionized water be-
fore being characterizing. The specimen which were
wiped 200 times at label-specified dilutions were
intended to mimic 6 months of routine disinfection. Pro-
tocols for immersed and off-label concentrations were
intended to mimic an aggressive “worst-case” for chem-
ical surface damage or material incompatibility. Notably,
only the wiped samples exposed at the label specified di-
lution is truly mimicking the real use case. However, we
hypothesize that by having specimen continuously
immersed in the disinfectant solution and also wiped
under concentrated (i.e. ‘full strength’) conditions, we
are able to potentially induce accelerated chemical dam-
age which can reveal antagonistic material-disinfectant
combinations not detected by the diluted-wiping test
protocol. It may be possible to use the accelerated ‘off--
label’ protocol for rapid laboratory-based screening of
material-disinfectant compatibility.
A conventional goniometer was used to measure con-

tact angles. A sessile drop of 4 μL was supplied to meas-
ure contact angle between the sample and the droplet.
The samples were also characterized by Fourier trans-
form infrared (FTIR) spectroscopy in order to identify
bonding changes before and after wiping and immersing.
Samples were weighed before and after immersion tests
to determine water absorption. Atomic Force Micros-
copy (AFM) was utilized to obtain the topography of
damaged surfaces in a tapping mode of operation. Sur-
face topography was carried out with measuring surface
roughness (Rq). X-ray photoelectron spectra (XPS) were
obtained using Kratos Axis Ultra DLD spectrometers
with Al Kα radiation (hν = 1486.58 eV).

Bactericidal efficacy testing
Bactericidal efficacy testing was only performed on the
diluted Quat disinfectant using a modified version of
EPA standard operating procedure MB-25-02 [EPA].
Briefly, bacterial culture was mixed with a soil load
(yeast, mucin, and BSA) and inoculated onto 1“× 1” cou-
pons of the polycarbonate, low-density polyethylene, and

Table 1 Summary of materials with hardness and water
absorption; data provided by manufacturer

Material Hardness (Hardness rating) Water absorption

HDPE Durometer 60D (Medium) Not rated

ABS Rockwell R100 (Hard) 0.65%

EPDM Durometer 40A (Medium soft) Not rated

LDPE Durometer 40D (Medium soft) Not Rated

Formica Rockwell M100 (Extra hard) 1.20%

PC Rockwell R120 (Hard) 0.25
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Formica materials. The coupons were desiccated for 1 h to
adhere the bacteria to the surface. The disinfectant was then
applied to the coupons and left to sit for the label contact
time. After the contact time was reached, 10mL of neutral-
izing buffer was added, and the coupon was vortexed in the
neutralizing buffer. The solution was vacuum-filtered onto a
filter membrane to recover any bacteria that were left. The
membrane filter was plated onto TSA for 24–48 h. at 37 °C,
and colonies were counted. This procedure was repeated for
the treated surfaces and undamaged samples (which estab-
lished a baseline of disinfectant efficacy).
The Quat-based disinfectant used was Virex II 256. The

concentrated disinfectant was diluted at 1:256 using hard
water, following EPA MB-25-02 [5]. The disinfectant label
contact time was 10min, and five biological replicates
were done for each surface-disinfectant combination. The
bacteria tested was Staphylococcus aureus (ATCC #6538),
the standard test microbe used in EPA MB-25-02 [5].

Statistical analysis
Statistical Analysis Software (SAS), version 9.4, was used
to perform analysis of the data. All data were

transformed to log10 reduction values for analysis.
One-way ANOVA with Tukey Honest Significant Differ-
ence (HSD) test was used to determine if differences in
disinfectant efficacy existed between the three surface
treatments (α = 0.05).

Results
Table 3 shows the summarized results of the contact
angle, FTIR, and optical microscopy measurements after
the wiping and immersing tests. None of the tested sam-
ples exhibited significant mass changes as a result of
immersion tests. The only changes in the results are
marked with F and D, which indicate full strength solu-
tion and diluted solution, respectively. A bullet point
means no change. For contact angle data, increased and
decreased contact angles after treatment are indicated
with arrows. Each section marked with red boxes is dis-
cussed in detail in the following section.
Figure 1 shows optical micrographs of four control

samples and their changed surfaces after wiping and im-
mersing. Wiped HDPE has increased directional
scratches, although the control HDPE had some

Table 2 Summary of four solutions with product names and dilution ratio

Solution Product Dilution pH
(full strength)

pH (diluted)

a Neutral cleaner Diversey Prominence 1:64 8.4 6.8

b Quat disinfectant Diversey Virex II 256 1:256 10.2 8.8

c Hydrogen peroxide disinfectant Diversey Oxivir Five 16 concentrate 1:16 1.0 1.9

d Chlorine disinfectant Clorox bleach 1:8 12.5 10.4

Table 3 Summarized wiping and immersing test results with full strength and diluted solutions on the six polymers, steel, and glass
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scratches originally. Regardless of the kind of solution,
most wiped HDPE surfaces show stress whitening along
the deep scratches, as seen in Fig. 1(c). On the other
hand, optical images of EPDM show a significant chem-
ical effect. Wiping did not generate scratches mechanic-
ally because EPDM is a very compliant elastomer, the
roughened surface seems to be the result of chemical
damage. Immersed EPDM especially shows a chemically
etched surface with greatly increased roughness, even
from the diluted disinfectant as shown in Fig. 1(f ). The
control Formica surfaces exhibit a wavy texture with
uniform porous bumps. Wiping with full strength disin-
fectant could have produced a compressed wavy texture
with some grooved defects, as shown in Fig. 1(h). How-
ever, the use of diluted disinfectant did not make severe
mechanical damage on the Formica surface, compara-
tively. Regarding the PC, while the control PC has an al-
most flawless surface, the wiped PC surface exhibited

scratching as shown in Fig. 1(k). Additionally, immersed
PC in diluted Quat disinfectant also showed some chem-
ical damage on the surface.
Micro-scale surface damage was selectively exam-

ined by atomic force microscopy (AFM) operated in a
tapping mode to minimize surface damage caused by
scanning. The surfaces for samples wiped with
full-strength Quat disinfectant are shown in the mid-
dle column, and samples immersed in diluted Quat
are shown in the right column in Fig. 2, with the
control samples in the left column. The scan sizes of
LDPE and PC are 100 μm while, the Formica surface
scan size is 10 μm which was necessary to avoid the
large surface features (bumps visible in Fig. 1g) which
are incompatible with the AFM scanning tip. The
AFM images of samples are shown with various color
scales: a 2 μm color scale for LDPE, 400 nm for PC,
and 100 nm for the Formica sample. The scales were

Fig. 1 Optical images of HDPE, EPDM, Formica-like surface, and PC (black scale bar shows 500 μm)

Jo et al. Antimicrobial Resistance and Infection Control            (2019) 8:24 Page 4 of 10



chosen depending on the original roughness of the
samples and the scan size.
Table 4 presents the summary of the roughness quan-

tification for LDPE, PC and Formica-like surfaces. For
LDPE wiped with diluted disinfectant, the surface rough-
ness decreased to 167 nm because of the repeated wiping
process on the ductile LDPE surface. However, Fig. 2(b)
shows a deep trench parallel to the wiping direction,
representing an increased roughness of 330 nm. Also,

LDPE immersed in diluted Quat disinfectant showed in-
significant chemical damage on its surface, while the use
of full-strength Quat disinfectant etched the LDPE sur-
face, as shown in Fig. 2(c). Surface-roughness values
demonstrated this chemical effect quantitatively, with
values of 163 nm and 342 nm resulting from the use of
diluted and full-strength disinfectant, respectively. When
the scan size was 100 μm, the control PC showed 13.5
nm surface roughness as shown in Fig. 2(d). Although

Fig. 2 AFM images of LDPE, PC, and Formica-like surface as control (a, d, g), wiped with full-strength Quat disinfectant (b, e, h), and immersed in
diluted Quat disinfectant (c, f, i). The lower-right corner of the immersed-LDPE image (c) shows the effects of the use of full-strength Quat. Scan
sizes of the LDPE and PC images are 100 μm, and the Formica-like surface images are 10 μm

Table 4 Roughness values from the AFM results. Scan sizes of the LDPE and PC images are 100 μm, and the Formica-like surface
images are 10 μm
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the AFM image of the wiped PC shows some shallow
scratches, surface roughness was changed only insignifi-
cantly to 15.7 nm. The AFM image of PC immersed in
diluted Quat disinfectant shows that the chemically af-
fected PC surface had tens of nanometers of sticky resi-
due. In terms of Formica, the flat surface between pores
was scanned at 10 μm to investigate microscale damage
since the original features of the Formica surface are too
large to scan in AFM. The wiping process produced
some scratches, and the scratched surface changed to
appear slightly mottled as shown in Fig. 2(h). Addition-
ally, immersed Formica had a few micrometers of small
particles which were chemically damaged while immers-
ing in disinfectant.
Figure 3 shows the quantification tables with the XPS

spectra of control and immersed PC in diluted Quat dis-
infectant. Although the immersed PC in diluted Quat
disinfectant had sticky residues, which are shown in the
AFM image and optical image (see Fig. 2). Atomic con-
centration of nitrogen and chlorine on the immersed PC
were measured using XPS. Also, the C 1 s peak of the
control PC was deconvoluted into four species as shown
in the formula in Fig. 3. Here the four different carbon
groups appear in the molecular structure. (from num-
bers 1 to 4 in the formula due to different carbon groups
presenting in PC as shown in the molecular structure in
Fig. 3.) The % areas of each carbon calculated from C 1 s
spectra of control PC are roughly matching for 10:3:2:1
which is the ratio of each number of different carbons in

ideal PC. After immersing for 4 weeks, number 4 peak
for C=O bonds on immersed PC was significantly de-
creased. Also, the measured C-O and C=O bonds were
slightly shifted to higher binding energy, indicating
changes in chemical bonding.
Figure 4 presents static water contact angle measure-

ments for the eight surfaces exposed to wiping and
immersion tests. Notably, HDPE and LDPE show the
least overall variation in contact angle as a result of ex-
posure to the disinfectants. Most other surfaces show a
general trend of a decrease in contact angle after expos-
ure, with the exception of ABS which exhibited in-
creased contact angles overall and EPDM which
exhibited both increased and decreased contact angles
depending on the concentration and disinfectant chem-
istry. The contact angle test itself is a combined measure
of the surface roughness and surface chemistry as both
factors affect the apparent contact angle for a material.
For this reason, it is a very effective method for quickly
screening for surface damage, and here we can broadly
interpret changes observed in the immersion test as ei-
ther chemical attack on the surface or the absorption
and swelling of the material.
Figure 5 presents Log10 reduction for polycarbonate,

LDPE and Formica surfaces exposed to S. aureus and
disinfected with Virex II 256 following a modified ver-
sion of EPA standard operating procedure MB-25-02 [5].
On average, the disinfectant achieved a 3.16 log10 re-
duction on the undamaged surfaces. Specifically, Virex II

Fig. 3 Wide scan (inside-left) and C 1 s (right) fitted with XPS spectra of control (above) and immersed (below) PC in diluted Quat disinfectant
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Fig. 4 Contact angles of materials before and after wiping and immersing tests with full strength and diluted solutions

Fig. 5 Log10 reduction values of S. aureus for Virex II 256 (Quat-based disinfectant) on three polymer surfaces
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256 achieved an average 3.26 log10 reduction on wiped
LDPE and an average 3.68 log10 reduction on immersed
LDPE. Statistical analysis determined that there was not
a significant difference in bactericidal efficacy between
the undamaged, wiped, and immersed LDPE surfaces
(P > 0.05). Virex II 256 achieved an average 2.88 log10
reduction on wiped Formica and an average 3.29 log10
reduction on immersed Formica. There was no signifi-
cant difference in disinfectant efficacy between the un-
damaged, wiped, and immersed Formica surfaces (P >
0.05). Virex II 256 achieved an average 2.97 log10 reduc-
tion on wiped polycarbonate and an average 3.29 log10
reduction on immersed polycarbonate.

Discussion
Mechanical damage characterization
In order to characterize microstructure, optical micros-
copy was initially utilized to analyze overall surface dam-
ages on treated surfaces because it is expedient and does
not require special sample preparation. Stress whitening
was observed at high magnification of optical micros-
copy, especially on wiped HDPE and wiped LDPE. Stress
whitening is a general feature of mechanical surface
damage induced by tensile deformation on various poly-
meric materials and is aesthetically undesirable [6, 7].
Since LDPE has a lower scratch resistance than HDPE,
the LDPE showed more scratching during the wiping
process. Optical images of HDPE and LDPE were helpful
for detecting mechanical damage, while at the micro-
scale chemical damage was hardly observed. In contrast,
optical images of EPDM showed a significant chemical
effect since the degradation of EPDM can take place in
specific chemical environments, as when the disinfectant
contains hydrocarbons, hypochlorite, or peroxide [8].
Regarding Formica, this surface seemed to be vulnerable
to mechanical impact from wiping disinfection, espe-
cially with full-strength disinfectant. This result occurred
because full strength disinfectant leaves a residue which
evaporates with difficulty, while diluted disinfectant
evaporates quickly. Furthermore, since the Formica sur-
face can absorb solution into its laminated layers, the
residue of full-strength disinfectant can act more aggres-
sively. Therefore, the repeated wiping of its surface
soaked with full strength disinfectant could easily result
in mechanical damage. With respect to PC, it has a high
impact strength but relatively low scratch resistance [9].
Since PC is transparent it is largely used on clear,
see-through surfaces. Fortunately, the mechanical dam-
aging on PC was not aggressive enough to affect the
macroscopic transparency, which did not significantly
differ from the effects of various concentrations of disin-
fectant. However, it is noteworthy that even after 4
weeks, when diluted Quat disinfectant was utilized as an
immersing solution, immersed PC created a sticky

surface which was difficult to remove when rinsed with
DI water and was more excessive than the residues de-
posited on other surfaces from the disinfectant
solutions.
Since AFM is able to measure the length and depth of

surface damages with a surface profile, it could be a
powerful quantitative method tool for surface damage
characterization. Despite the use of gentle textured Kim-
tech wipes, wiped LDPE showed various sizes of
scratches on the surface, including one very deep trench,
a scratch with a depth of 925 nm as shown in Fig. 2(b).
Important to note, bacteria could grow in this space
since the sizes of common bacteria are approximately
0.5-1 μm [10]. Furthermore, the scratch with built-up
side ridges could lower cleanability: frequent wiping of a
ductile surface could produce scratches capable of
retaining bacteria. Even though wiping PC also creates a
scratched surface, the increased roughness was only a
few nanometers, which would not be large enough to
allow bacterial growth. From the AFM images of For-
mica, when the Formica sample was treated with disin-
fectant, the compressed cellulose fibers that absorbed
the solution emerged as small particles on the immersed
surface as shown in Fig. 2(i). Judging from the optical
images, significant mechanical damage appeared on the
Formica surface, however, the AFM results also showed
that at the nanoscale, the immersing process resulted in
a chemically changed Formica surface.

Chemical damage characterization
Some polymers can absorb small molecules, such as
water molecules, as shown in Table 1. Thus, absorption
of solutions could be a major chemical impact when
samples were immersed in disinfectants [11, 12]. In par-
ticular, it is well known that ABS has low chemical re-
sistance to oxidizing agents, which are available to break
up the ABS chains [13]. The FTIR results of immersed
ABS show a modified IR spectrum with decreased inten-
sities when full strength hydrogen peroxide disinfectant
was utilized. These findings may indicate a partial scis-
sion of bonds in the ABS, causing decreases in chemical
bonds. Aqueous hydrogen peroxide can be dissociated to
a free radical, a strong oxidizing agent that can damage
substrates [14]. Thus, the higher the concentration of
hydrogen peroxide disinfectant, the more aggressive the
solution can be on polymer surfaces. Looking at Table 3,
the Formica-like surface treated with full strength solu-
tions is also marked as “changed”. Since the Formica
surface has a laminated structure, it was able to adsorb
solutions physically, which demonstrated a marked
change due to its dark surface color. For the immersed
PC in diluted Quat disinfectant, sticky residues that were
difficult to remove were formed, but the FTIR did not
show any notable changes. Since the ATR-FTIR

Jo et al. Antimicrobial Resistance and Infection Control            (2019) 8:24 Page 8 of 10



penetration depth is 2 μm [15], the measurement is not
sensitive to the outermost surface of the material. Thus,
even though FTIR did not show any changes, it is pos-
sible that nanometer-scaled damage occurred on the sur-
face; the damaged PC surface chemistry was measured
using XPS.
Regarding the results of XPS, the double bonds that were

opened to make covalent bonds with nitrogen from the di-
luted Quat disinfectant could have precipitated the de-
creased ratio of C=O. Binding energy also provided both
elemental and chemical information. The measured C-O
and C=O bonds were slightly shifted to a higher
binding energy, thus, it is possible that covalent
bonds with nitrogen adsorbed from the diluted Quat
disinfectant [16]. Additionally, the ratios of carbon
single bonds with hydrogen which is the number 2
carbon in formula increased when the ratio of C=O
bonds was significantly decreased. It is also noticeable
that no sticky residue occurred with the use of full
strength Quat disinfectant. This result indicates that
the diluent (water) likely plays a significant role in
enabling the specific degradation mechanism when
Quat disinfectant and PC are combined and that the
residue on the dilute Quat-PC surface is not simply
material deposited from the disinfectant [17]. Subse-
quent XPS data confirmed chemical changes at the
PC surface [18].

Bactericidal efficacy
The EPA testing method used in this study determined
that there was not a significant difference in bactericidal
efficacy between undamaged, wiped, and immersed sam-
ples. This might be because even undamaged surfaces
already had a lot of scratches or the scratches might not
have been significantly different to provide protection
from disinfection in one cased but not the other. Al-
though LDPE have been observed as mechanically sus-
ceptible surfaces from microstructure characterization,
there might not be measurable differences from those in
the bactericidal efficacy test. The Formica surface also
originally had a wavy and bumpy texture, thus, the
mechanical damages from the disinfectant process might
not have affected the bactericidal efficacy among the un-
damaged, wiped, and immersed Formica surfaces. Re-
garding the PC, while PC surface was chemically
damaged from the immersing process, it might not be
comparable to differentiating disinfectant efficacy be-
tween undamaged and immersed PC surfaces. Therefore,
the EPA testing method used in this study may not be
sensitive enough to detect the differences in disinfectant
efficacy due to surface damage. We feel that further
study is warranted with respect to disinfectant efficacy
of lightly mechanically damaged surfaces as observed
from the gentle wiping protocol in this study to better

understand the critical threshold of surface damage
which can result in loss of bactericidal efficacy.

Conclusion
Surfaces which experience a high-frequency of exposure
to disinfectant chemicals may be at additional risk of
critical surface damage that renders the surface more
challenging to disinfect. Chemical compatibility tests
and other screening protocols may overlook the effects
of long-term exposure and may otherwise be insuffi-
ciently sensitive to changes at the outermost interface
material. The surface characterization of eight surfaces
exposed to four different disinfectants was used to assess
the sensitivity of detection methods for early onset sur-
face damage. The surfaces tested were lightly damaged
from a test protocol simulating six-months of routine
disinfection. As such, widespread macroscopic damage
was not observed. Although full strength disinfectants
are not usually utilized in practice, the test was able to
demonstrate chemical resistance under an aggressive
condition. Some chemical damage was detected using
water contact angle and XPS, whereas more conven-
tional FTIR spectroscopy did not detect significant
chemical changes. The discrepancy here is attributed to
the surface sensitivity of the respective techniques. Most
treated surfaces showed no significant chemical damage
for any disinfectant exposure (including the concen-
trated disinfectants under immersed conditions), this
further emphasizes the impact of mechanical abrasion as
a key source of critical surface damage. Bactericidal effi-
cacy of Virex II 256 (Quat-based) was assessed for select
surfaces which exhibited moderate surface damage.
However, the EPA testing method used in this study did
not detect significant differences in disinfectant efficacy
due to modest surface damage. Further study is war-
ranted for surfaces that have experienced more aggres-
sive surface damage, possibly from real in-service
material samples, to determine a critical defect popula-
tion necessary to alter bactericidal efficacy.

Abbreviations
ABS: Acrylonitrile Butadiene Styrene; AFM: Atomic force microscopy;
EPDM: Ethylene Propylene Diene Monomer (M-class) rubber; FTIR: Fourier
transform infrared; HDPE: High density polyethylene; LDPE: Low density
polyethylene; PC: Polycarbonate; Quat: Quaternary Ammonium Compounds;
XPS: X-ray photoelectron spectra

Acknowledgements
The authors thank Kay Bixler and Xiaobao Li for their technical input on the
research design and experimental methods.

Funding
This work was supported by Diversey Inc., Charlotte, NC, USA.

Availability of data and materials
All data generated or analyzed during this study included in this published
article.

Jo et al. Antimicrobial Resistance and Infection Control            (2019) 8:24 Page 9 of 10



Authors’ contributions
HJ performed the disinfectant processes, mechanical and chemical
characterization, and wrote the manuscript. AW performed bactericidal
efficacy testing and was a contributor in writing and editing the manuscript.
PT provided testing materials, industry experience, and was a contributor in
writing and editing the manuscript. HO and JH served as the principle
investigator for the study and was a contributor in writing and editing the
manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1School of Materials Engineering, Purdue University, 701 W. Stadium Avenue,
West Lafayette, IN 47907, USA. 2Department of Food Science, Purdue
University, 745 Agriculture Mall Drive, West Lafayette, IN 47907, USA.
3Diversey Inc, Charlotte, NC 28273, USA. 4Environmental & Ecological
Engineering, Purdue University, 701 W. Stadium Avenue, West Lafayette, IN
47907, USA.

Received: 24 August 2018 Accepted: 9 January 2019

References
1. Magill SS, et al. Multistate point-prevalence survey of health care–associated

infections. N Engl J Med. 2014;370(13):1198–208.
2. Truscott W. Researching the right disinfectant for your Facility : without

damaging instruments or surfaces; 2017.
3. Rutala WA, Weber DJ, HICPAC HICPAC. Guideline for disinfection and

sterilization in healthcare facilities. Cent Dis Control Prot. 2017;161. https://
www.cdc.gov/infectioncontrol/guidelines/environmental/.

4. Spaulding EH. Alcohol as a surgical disinfectant: Pros and cons of a much
discussed topic. AORN J. 1964;2(5):67–71.

5. EPA. “Epa Sop Mb-25-02,” … I. Pomerantz (Environmental Prot. Agency, Off);
2012. p. 10–7.

6. Dasari A, Duncan SJ, Misra RDK. "Micro- and nano-scale deformation
processes during scratch damage in high density polyethylene," Mater Sci
Technol. 2003;19(2):239–43.

7. Pae KD, Chu HC, Lee JK, Kim JH. Healing of stress-whitening in polyethylene
and polypropylene at or below room temperature. Polym Eng Sci. 2000;
40(8):1783–95.

8. Nakamura T, Chaikumpollert O, Yamamoto Y, Ohtake Y, Kawahara S.
Degradation of EPDM seal used for water supplying system. Polym Degrad
Stab. 2011;96(7):1236–41.

9. Adam GA, Cross A, Haward RN. The effect of thermal pretreatment on the
mechanical properties of polycarbonate. J Mater Sci. 1975;10(9):1582–90.

10. Wang H, Feng H, Liang W, Luo Y, Malyarchuk V. Effect of surface roughness on
retention and removal of Escherichia coli O157 : H7. J Food Sci. 2009;74(1):1–8.

11. Bair HE, Johnson GE, Merriweather R. Water sorption of polycarbonate and
its effect on the polymer’s dielectric behavior. J Appl Phys. 1978;49(10):
4976–84.

12. Ramaraj B. Mechanical and thermal properties of ABS and leather waste
composites. J Appl Polym Sci. 2006;101(5):3062–6.

13. Olivera S, Muralidhara HB, Venkatesh K, Gopalakrishna K, Vivek CS. Plating on
acrylonitrile–butadiene–styrene (ABS) plastic: a review. J Mater Sci. 2016;
51(8):3657–74.

14. Wessels S, Ingmer H. Modes of action of three disinfectant active
substances : a review. Regul Toxicol Pharmacol. 2013;67(3):456–67.

15. Chem A, Chemistry TA, Academy H, Chemistry A, H B, Chemistry A. FTIR-
ATR-spectroscopic analysis of Bis-crown ether based PVC-membranes; 1988.
p. 448–53.

16. Cuong NK, Tahara M, Yamauchi N, Sone T. Effects of nitrogen incorporation
on structure of a-C:H films deposited on polycarbonate by plasma CVD. Surf
Coatings Technol. 2005;193(1–3 SPEC. ISS):283–7.

17. Howarter JA, Youngblood JP. Surface modification of polymers with 3-
aminopropyltriethoxysilane as a general pretreatment for controlled
wettability. Macromolecules. 2007;40(4):1128–32.

18. Linda DTG, Sawyer C. Polymer Microscopy. 2nd edi ed. London: Chapman
and Hall; 1996.

Jo et al. Antimicrobial Resistance and Infection Control            (2019) 8:24 Page 10 of 10

https://www.cdc.gov/infectioncontrol/guidelines/environmental/
https://www.cdc.gov/infectioncontrol/guidelines/environmental/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Surface damage characterization
	Bactericidal efficacy testing
	Statistical analysis

	Results
	Discussion
	Mechanical damage characterization
	Chemical damage characterization
	Bactericidal efficacy

	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

