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Thus, the effectiveness of many disinfecting agents depends on a 
number of factors that may have a significant effect on the end result. 
They include length of exposure, temperatures, nature of the organism, 
product concentration, amount of organic matters [2]. However, we 
tend often to neglect another parameter in this equation, particularly 
the chemical composition of the surfaces and cleaning product film. 
The surfaces can react chemically with the latter [9-11]. It is in this 
context that we studied the impact of the chemical interaction between 
different surfaces and the application of sodium dichloroisocyanurate 
(NaDCC) in the production or loss of HOCl- molecules.

The aim of this study was to evaluate trending the chemical 
disinfecting products composition between the different surfaces and 
the application of sodium dichloroisocyanurate (NaDCC) during 
surface sanitizing. In this work, four common surface types found in 
hospital environments such as melamine, glass, bed liners made of 
2-methylprop-2-enoate from methyl (PMAM) and arborite were 
used.

Introduction 
In healthcare facilities, surface disinfectants play a major role in 

controlling environmental transmission and spread of nosocomial 
infections by contact with hitherto “noncritical” inanimate/
environmental surfaces [1]. Mafu [2] showed that attached cells 
which are intimately associated with the inanimate material may be 
less susceptible to cleaning processes due to the boundary layer and 
the secretion of extracellular coatings. The ability of microorganisms 
to become more resistant to sanitizers and other antimicrobial agents 
once attached to the surfaces were also documented [3]. Therefore, 
control of this nosocomial infection requires an appropriate application 
of a strategy that optimize reducing the environmental burden [4]. 
This strategy should include a product with sporicidal activity against 
Clostridium difficile spores. The resistance of the spores to the majority 
of disinfectants results from its dehydration state and its wall, which is 
composed of several layers of different proteins [5].

The sodium dichloroisocyanurate (NaDCC) is employed against 
bacteria and spore of Clostridium difficile in hospitals in the province 
of Quebec. The concentration of the sporicidal molecules to be optimal 
in order to significantly reduce the infectious risk. In the case of sodium 
dichloroisocyanurate (NaDCC), the sporicidal molecules produced 
during solutioning are mainly the HOCl- molecules. According to 
Perez [6], an oxidizing agent solution such as a chlorine solution is 
effective against C. difficile spores at the concentration greater than 
3000 ppm. Other authors reported a concentration of 5000 ppm 
chloride molecules in solution was required to be effective [7,8].
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in Quebec) using a cotton cloth soaked in the product solution. The 
surfaces were air-dried for at least 10 min prior to any examination.

Cleaning-disinfections trials
The tests of surface cleaning-disinfections were conducted 

according to one, the two-step and three-step methods.

One step

The product was applied to all surfaces using cotton cloths and air-
drying for 10 minutes prior to the analysis.

Two-step cleaning-disinfection

In this part, a Quat solution (1/62) was applied to the surfaces using 
cotton cloths. To ensure better wetting of the inert material, the cotton 
cloths soaked in the chemical solution and wiped across the surfaces 
two times before the air-drying for 10 min. Similar procedure was used 
to apply the NaDCC solution at concentration of 5000 ppm prior to 
analysing with TOF-SIMS. 

Three-step cleaning-disinfection

The three stages cleaning-disinfection is used in some Quebec’s 
hospitals for the terminal disinfection of a case of C. difficile. The 
cleaning-disinfection comprises of application of quaternary 
ammonium (like two-step cleaning-disinfection), followed by rinsing 
with tap water and then using the solution of NaDCC.

For this step, a Quat solution was applied with cotton cloths to 
the surfaces of glass, melamine and arborite. The cloths were wiped 
across the surfaces two times and left to air-dry for 10 min. Then, the 
surfaces were cleaned with cotton cloths soaked in warm tap water. For 
NaDCC, the solution at 5000 ppm was applied with cotton cloths. In 
both cases, ToF-SIMS was used to examine the surfaces.

Equipment

The TOF-SIMS instrument available at the École Polytechnique 
de Montréal was used for the physicochemical characterization of the 
various surfaces [1,13], Biophy Research, Time-of-Flight, TOF-SIMS). 
TOF-SIMS data were acquired using a TOF-SIMS IV instrument 
(ION-TOF GmbH, Münster, Germany). 

The measurements

The measurements were taken with an ION-TOF SIMS IV system 
(ION-TOF GmbH, Münster, Germany). The system pressure was 5 × 
10-9 torr. The source was monatomic and consisted of a pulsed beam of 
gallium 69. The mass/charge ratio of the detected ions was measured. 
A voltage of 15 V and a current of 0.5 µA were used to remain in static 
mode. The surface was therefore not modified by the bombardment, 
and the lifetime of a monolayer is a few hours, so in dynamic mode 
the surface is broken in a few nanoseconds and the current is 1 A/
cm2. A dose less than 1011 ions/cm2 had to be respected. The verified 
parameters were as follows: a current of 2.0 pA, a hydrogen resolution 
less than 0.8, and a silicon resolution greater than 8,000. The primary 
ions were pulsed at a width of 30 ns and a current of 2.0 pA with a 
primary ion dose less than 5 × 1011 ions/cm2, which was well below 
the threshold of 1 × 1013 ions/cm2 required to remain in static mode. 
Electrostatic charges were neutralized by a low-energy electron source. 
The secondary ion spectra were acquired on a surface area of 40 × 40 
µm with 128 × 128 pixels (one pulse per pixel), on only one position per 
sample. The measurements were conducted, in first, at both polarities, 
i.e. positive (SIMS+) and negative (SIMS−). 

Materials and methods
Test surfaces

Four common surface types found in hospital environments, 
namely glass (borosilicate cover slips for optical microscopy, VWR 
International Inc., West Chester, PA), melamine (Bel-Trim, Canada) 
and Arborite, also known as Formica (Compagnie Bélanger, Quebec, 
Canada and a piece of mattress covers in acrilyc (polymetacrylate 
methyl (PMAM)) were used (Table 1). 

For each surface and for each treatment, a square was cut resulted 
to a total of 24 squares which corresponds to 24 samples. Each sample 
was an area of 40 × 40 μm2. 

Preparation of chemicals

The commercial disinfection products used in this study was 
sodium dichloroisocyanurate (NaDCC). This product is used in 
Quebec’s health system. To represent the actual situation in hospitals 
environment, the NaDCC solution was prepared with water from the 
municipal water supply system of Montreal. For all the trials, water 
was collected in the same sampling operation and was used quickly 
to limit differences in the concentration of any molecules that may 
have been presented. In all the trials, the products were applied to the 
surfaces with a cotton cloth (Compagnie de produits Sany, Joliette, QC, 
Canada).

Test procedures

Control

Using surfaces to which products were not applied (control) made 
it possible to determine the main chemical components of the surfaces 
and to make distinctions between control and treated surfaces. 

Application of products
Ammonium quaternary

Before disinfection it is important to cleaning the surface like in the 
hospital. Therefore a quaternary ammonium (Quat) solution (standard 
1/62 dilution as recommended by the manufacturer) was applied to 
each tested surface (glass, melamine, mattress cover or Arborite) using 
a cotton cloth soaked in the product. To ensure that the test surfaces 
were properly wetted, the cotton cloths were wiped across the surfaces 
two times. The surfaces were air-dried for at least 10 min prior to any 
examination. The contact time of 10 minutes was the maximum time 
required due to make availability of the hospital room following the 
patient’s a departure. The surfaces were then tested using time-of-flight 
secondary ion mass spectrometry (TOF-SIMS) on an ION-TOF SIMS 
IV instrument (ION-TOF GmbH, Münster, Germany).

Sodium dichloroisocyanurate (NaDCC)

For the disinfection, to each surface NaDCC solution was applied 
at the concentration of 5000 ppm (identical to the concentration used 

Surface Composition
Melamine 1,3,5-triazine-2,4,6-triamine combined with formaldehyde urea
Polymethyl methacrylate 
(PMMA) Methyl 2-methylprop-2-enoate

Glass SiO2 (the most important molecule)

Arborite The laminated kraft paper is impregnated with phenolic resin 
and melamine formaldehyde [12]

Table 1. Test Surfaces
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The measurements were conducted in three places for each treated 
surface and the control. The spectres of three measures were compared 
to standard spectres. The closer spectre to the standard spectre was 
considered and used as spectre for the identification and quantification. 
It is about a semi-quantitative measure of the concentration present. 
The first step consisted of analysing the chemical composition of the 
three surface types under study. In the second step, the surfaces were 
characterized individually, first with NaDCC and second with Quat 
only. The elements that were present characterized the substance or 
its interaction with the surface. All the molecules of interest to this 
study were of negative polarity. For that reason, the results obtained by 
positive SIMS were not considered.

The retained molecules were hypochlorite molecules (ClO−) 
and hypochlorous acid (HOCl-) since they are characteristic of the 
oxidizing (ClO−) and bactericidal (HOCl-) power of NaDCC. It should 
be noted that the method that was used did not allow us to evaluate the 
hypochlorous acid molecule evaporation rate. The results of the semi-
quantification of the number of molecules were normalized using the 
number of detected Cl2 molecule as a reference. This is justified because 
this molecule is shared by the prepared NaDCC and QUAT solutions. 
The preparation of these products involves, usually, a dilution with 
water from the municipal water that contains molecules Cl2. The 
presence of these molecules can then be added to those present in the 
process. After calibration, the molecules of interest were identified 
from their molecular masses. For the control substrates, the same 
molecular masses were explained by other combinations of periodic 
elements table, selected based on prior knowledge of the substrates 
chemical composition.Using the available software provided from the 
manufacturing company, the areas under the peaks were calculated by 
integration the region delimited by the curve. Therefore, the number 
of molecules at the spot where obtained. The molecules of interest 
including Cl2, ClO−, HOCl-, NClH and NClH2 were identified. Both 
NClH and NClH2 are the result of the reaction between Quat residu 
and chloride molecules, moreover, the formation of amines reduces the 
potential disinfectant.

Results 
Because of their respective chemical compositions, the surfaces 

react differently to the applied treatments. Therefore, the quantities 
of molecules of germicidal groups that are received by TOF-SIMS 
detector do not allow a comparison between different surfaces [11]. It 
is therefore necessary to compare the quantities of different germicidal 
molecules generated for the same surface.

Similarly, this study relies only on qualitative and non-quantitative 
analyses between treatments. The number of molecules received by the 
detector is a variable that cannot be quantified due to certain physical 
phenomena, it will be necessary to stop the reports orders of magnitude 
that will be sufficient to determine if one molecule predominates over 
another [11].

The results of the semi-quantification for different molecules of 
interest are shown in Figures 1 at 4. The figures show major variations 
in the concentrations of the main components under study depends 
on the nature of surface and cleaning technique. They are intensities 
of spectrum peaks in relation to the approximate number of molecules 
present on surfaces according to groupings and treatments each time. 
That’s why we cannot apply statistical processing to our data (Figure 1).

Arborite®

Comparing to the control, this surface reveals that there are 
few chloramines in the composition of the surface of Arborite®. 
The addition of tap water can be caused a possibly increase of peak 
intensity for NClH and HOCl-. It was also observed that the addition 
of NaDCC induced significant increase in the presence of chloramines 
and to a lesser extent the presence of ClO-. Uploading the ammonium 
quaternary product (QUAT) only has little effect on the reading 
of the peak intensity for the amines. The presence of chloramines 
when there is maximum combination with QUAT. The production 
of ClO− is slightly stimulated by the addition. However, we note that 
the peak intensity with the technique in three steps outside to reduce 
the presence of chloramines may seem to have an impact on the 
concentration of hypochlorous acid. The applications on this surface 
don’t show an important concentration of molecules HOCL- (Figure 2).

Melamine

It was found that the composition of melamine is composed 
of NClH and NClH2. We can also observe both ClO− and HOCL- 
molecules on the surface. The addition of tap water caused possibly an 
increase in ClO− molecules and the use of cleaner-disinfectant has little 
impact on reading. Against by the addition of NaDCC only has an effect 
that stands out in the presence of ClO− and HOCL- and chloramines 
while the combination QUAT- NaDCC and also has an effect but to 
the lesser extent. Rinse with tap water to the third step resulted in the 
disappearance of HOCL- molecules while NClH ions dominate the use 
of a three-step strategy on this surface (Figure 3).

Mattress covers

The use of water also led to an increase in the presence of chloramine 
and the disappearance of HOCL- but chlorine and hypochlorous acid. 
The increase of chloramines is more than double the increase in the 
hypochlorous acid. Just as in the case of the other two surfaces QUAT 
only produces little amines and molecules disinfectants. For cons, the 
use of NaDCC provides a significant peak of NClH2 and HOCL-. The 
two-step technique differs with NaDCC mainly by the presence of Cl2. 
The three-step technique with the rinsing phase between the application 
and that of the QUAT and NaDCC has an intensity peak of significant 
hypochlorous molecules of ClO−-and chlorine Cl2 molecule. However, 
hypochlorous acid disappears and dichloramines (NClH2-) decrease in 
intensity (Figure 4).

Figure 1. Arborite
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Glass

Observed on this surface the presence of molecules and ClO-, 
NClH2, HOCL-. The same type of situation occurs with the tap water. 
Uploading quaternary ammonium on the glass causes a significant 
increase in the peak intensity molecules of NClH2 and HOCL-. It 
is a phenomenon that has not been observed on other surfaces. The 
treatments with single NaDCC and QUAT favor the presence of 
molecules HOCL- and that of ClO-and there are little chloramines. The 
three-step strategy clearly favors the production of molecules HOCL- 

and there are few molecules chloramines. This surface chemically is 
the easier to cleaning and disinfecting against spores of Clostridium 
difficile.

Discussion
Some hospitals use as a source of hypochlorite molecules from a 

solution of sodium dichloroisocyanurate (NaDCC) to fight against 
Clostridium difficile. Indeed, it is the NaDCC when dissolved in water 
allows the production of hypochlorous acid and hypochlorite molecule 
as sodium hypochlorite.

C3Cl2N3O3Na + 2H2O            C3H3N3O3 + HOCL- + Na+ + ClO-

The effectiveness of hypochlorous acid is linked with the absence 
of an electrical charge as well the molecule’s chemical form, which 
resembles that of water. The cytoplasmic membrane allows this 
molecule to go through with water and hypochlorous acid oxidise the 
enzymatic activity inside the bacteria [14]. For the C. difficile spore, 
according to Fuzukaki, the concentration of OH− ions plays a role 
in destruction of protein membranes and induce lysis of the spore. 
Without that destruction of the membranes, the negatively charged 
hypochlorite ions would be repelled by the anions in the membranes 
[15].

In a disinfectant cleaning procedure, the presence of organic soiling 
should normally first make a cleaning before disinfection because the 
organic matter on the surfaces can reduce the efficacy of ions chloride 
[16]. In Quebec, quaternary ammoniums (Quat), a cationic surface-
active agent with detergent action, is generally used in hospital facilities 
[17].

The Quat produces on the surface a dry film containing nitrogen 
molecules. When applied to this film dried a chlorine solution there can 
form chloramines (NHCl2, NH2Cl and NCl3). These are recognized 
as having a potential lower than the disinfectant chloride ions but not 
sporicide [18]. Hence the importance of studying the insertion of a 
rinsing steps between the application of cleaner and disinfectant. It 
should be noted that in addition to reacting with the dried film of Quat, 
the chlorine solution can also react with nitrogen molecules contained 
in some surface such as melamine and cover mattress (Figure 2,3) [11]. 
Hypothetically, it was found that the nitrogen product on the mattress 
cover for the control (Figure 3) because this is not a new one. Despite 
the synthetic composition of the mattress cover, the latter looks like 
a woven surface. It would therefore be more difficult to eliminate the 
Quat film that can be housed there.

The results shown in figures 1–4 reveal that the peak intensity of 
desired molecules are highly variable depending on the nature of the 
surface. As observed in these figures, the chloramines ions are generally 
present on any surface and the type of treatment, even with tap water. 
Treated tap water contains chloramines and chloride molecules [18]. 
The cleaning products, disinfectants, tap water and all surfaces interact 
chemically and thus modulate the generation of potential sporicides 
molecules. This chemical interaction allows an increased presence 
of chloramines and chlorinated lower intensity molecules on the 
surfaces of melamine and formica surfaces compared to the other two. 
A subsequent study using sodium hypochlorite also shows an increased 
production of chloramines on melamine compared to other surfaces [18]. 

As shown in figures 1 and 2, regardless of the technique used, the 
results show that NaDCC is not really creating a sporicidal chemical 
environment compared to using a three-step technique in figures 3 and 
4. Despite this situation in figures 1 and 2, it still remains that rinsing 

Figure 2. Melamine

Figure 3. Mattress cover

Figure 4. Glass
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with water in a three-step technique is a mechanical action that allows 
additional removal of bacteria and organic residue while preparing 
the surface for the disinfectant. The suspension of spores in water 
makes the products more effective compared to the application of the 
products directly on a dry surface. The presence of water rehydrates 
the spores which facilitates the penetration of chlorine ions within the 
spore and thus impair its ability to regenerate [19]. 

However, we observed that a relatively stable chemical surface such 
as glass does not have a molecule composition and amino and chlorine 
ions dominate in intensity regardless of the type of treatment 1, 2 or 3 
steps. The presence and importance of the intensity peaks of chlorine 
molecule on the surface can theoretically achieve an environment 
that facilitates sporicidal activity. This observation is quite important 
especially for critical care areas. The presence of materials containing 
amino ions could be problematic in these critical areas where there is 
risk of environmental contamination by Clostridium difficile spores.

In conclusion, this work mainly permitted studying of the chemical 
nature influence of the surfaces and the cleaning product trend the 
production of HOCl-, microbiocide and sporicidal molecules when 
a solution of NaDCC was applied to inert the surface of materials. 
This work has revealed that the production of HOCl- from NaDCC 
tends to be modulated by the nature of the surfaces, such as the glass 
surface and the mattress pad. We have also found that the technique 
and cleaning-disinfection products can modulate the concentration of 
HOCl- molecules. A three-step technique on a surface chemically stable 
and without the presence of nitrogen molecule tend to demonstrate a 
greater sporicidal and microbiocide potential with the concentration 
of HOCl - compared to other types of surfaces. Currently in hospitals, 
chemical composition of surfaces is rarely considered in relation to the 
risk of infection. In this work, melamine would be the hard surface that 
would be potentially trend the most difficult to disinfect. This study 
shows that it may be important to take account of the nature of the 
surfaces and the cleaning product when we want to develop the good 
proceeding against bacteria and spore.
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