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Abstract: The development of sustainable processes has a significant role in balancing social
productivity demands, environmental protection, and natural resources. The control of microbial
contamination has so far been concentrated on the use of chemical-based sanitation procedures,
which may have various limitations, as testified by the persistence of contamination itself, by the
growing antimicrobial resistance (AMR) of hospital microbes, and by chemical-related pollution.
This communication aims to present a comparative analysis between the use of traditional and
green sanitation products and processes in hospital environments. The sampling campaign was
conducted in a day hospital ward of a general hospital (Imola, Santa Maria della Scaletta Hospital).
Each sample comes from a specific surface, furniture or sanitary, and was taken using RODAC
contact plates and swabs with a neutralizing agent in order to standardize the result of the
microbiological evaluation. Sampling occurred before and after traditional and green cleaning
procedures. The green experimental protocol using 100% natural and biodegradable products in
sanitization procedures of hospital areas at a medium-high health risk was found to be a technique
of relevant interest. From CAM requirements, the green protocol must give equal or better results
than the traditional protocol. It can be concluded that the green experimental system meets this
criterion and has shown better antimicrobial activity performance than the traditional system; all
findings are in an acceptable state of sanitation, with no evidence of pathogenic micro-organisms
specified in the guideline.
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1. Introduction

Public awareness of environmental problems has increased in recent years.
Therefore, the development of sustainable processes has a significant role in balancing
social productivity demands, environmental protection, and natural resources [1]. In
sustainable development studies, Life Cycle Assessment (LCA) is known as a significant
tool for the verification of appropriate sustainability along the evaluation of the
environmental impacts of the design of a certain product or process [2,3]. The European
Commission considers LCA the best framework currently available for assessing the
potential environmental impacts of products [4].

Considering hospital-related settings, hygienization procedures represent a
fundamental asset in order to control patient cross-contaminations, antimicrobial
resistance (AMR), and are a weapon to reduce the costs of corrective measures after
microbiological breakthroughs [5,6]. The need to search for biological molecules active
against the main nosocomial pathogens is growing more and more. The resistance
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accumulated due to the misuse of antibiotics is orienting research on green products and
their nanoformulations [7,8]. The control of microbial contamination has so far been
concentrated on the use of chemical-based sanitation procedures, which may have various
limitations, as testified by the persistence of the contamination itself, by the growing AMR of
hospital microbes, and by the environmental pollution that certain chemicals cause [9-11].
Therefore, microbial monitoring of the inanimate environment can be used to detect the
presence of specific nosocomial pathogens, and to evaluate the efficacy of routine cleaning and
disinfection practices by providing benchmark data. These results can also be used to decide
when corrective action may be required, facilitate the selection of suitable cleaning and
disinfection agents, and evaluate the cost-effectiveness of various methods.

The objective of the study was to experiment in the field the effectiveness of
sustainable and eco-labeled products (in compliance with hospital CAMs—Criteri
Ambientali Minimi—Minimal Environmental Criteria) together with textiles (i.e., 100%
disposable microfiber cloths) compared to the use of traditional treatments based on
detergents and chemical disinfectants and regenerated microfiber.

2. Materials and Methods
2.1. Sampling Plan

The study was conducted in a day hospital ward of a general hospital (Imola, Santa
Maria della Scaletta Hospital). The sampling plan was carried out based on clinical
evidence and standard protocols, collecting each sample in triplicate. The sampling
consists of the collection of environmental samples from different areas of use: patient
rooms (where floor and hand-touchable surfaces have been sampled), patient bathrooms
(where floor and hand-touchable surfaces, i.e., toilet, sink, shower, etc. have been
sampled), waiting rooms, and the corridor of the same ward. Sampling occurred before
and after cleaning procedures [12,13].

2.2. Microbiological Evaluation
Swabs and Plates

RODAC contact plates (Liofilchem, Roseto degli Abruzzi, TE, Italy) were used and
swabs with a neutralizing agent (Dey Engley) (Liofilchem) were also employed to
standardize the results. Surfaces were firstly visually assessed for general conditions,
cleanliness, and moisture. Microbiological assessment in the form of aerobic colony counts
(ACC) was based upon growth after incubation at 37 °C for 48 h, on tryptic soy agar (TSA)
RODAC plates coated with plate count agar with neutralizer. MacConkey Agar (MCA)
with neutralizer was used for enterobacterial counts, mannitol-salt agar (MSA) for
staphylococcal counts, sabouraud dextrose agar for yeasts and moulds (SDA), and
Clostridium difficile agar (CIDA) for Clostridium count. RODAC plates were inoculated
directly by pressing on to flat surfaces with the aid of a contact plate weight applicator for
30 s (VWR collection, International, Milano, Italy) or, for irregularly shaped surfaces, the
entire hand contact area was swabbed using a sterile pre-moistened cotton wool swab,
which was then used to inoculate agar plates. Swabs were sampled using a sterile 10 cm
x 10 cm template to sample an area of 100 cm?.

RODAC plates were then incubated within 2 h, and colonies were counted after 24—
48 h. A very slight growth (6-39 colonies) = 2.5 CFU/cm?and a scant growth (<6 colonies)
= <2.5 CFU/cm? were considered as acceptable for standard protocols. Swabs were also
each plated in different isolation agarized media (TSA, SDA, MSA, MCA, and CIDA).

A total of 134 samples were collected for each sampling and for each protocol (TT
and TG). Surface samples were collected from floors, tables, armchairs, beds, toilets, sink,
shower, and bathroom floors, whereas in the common areas, samples were collected from
tables, chairs, and floors. Air samples were collected at the center of each room at 150 cm
from the floor. Samples were transported to the laboratory in refrigerated insulated bags
(0—4°). The temperature was monitored via data logger. PCA plates were incubated at 36°
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+1° for 48 h and SDA plates at 25° for 72-120 h. Colonies were then counted, isolated, and
identified [14-18].

2.3. Microbial Isolation and Identification

Swabs samples were vortexed to aid the release of microbes into the diluent, followed
by transfer and spreading on 90 mm petri dishes, each containing 20 mL of the different
agar (TSA, MCA, MSA, SDA, CIDA) for the growth of microbes. The petri dishes were
incubated at 36 °C (25 °C for SDA plates), where bacterial colony growth was observed
every day up for 5 days. Colonies with unique phenotype (morphology, shape and colour)
were picked for further experiments and stored with 50% (v/v) glycerol at =80 °C. To
identify bacterial isolated colonies, API systems (Biomerieux Italia, Grassina, Fl, Italy)
were used according to the manufacturer’s instructions.

2.4. Cleaning Procedure

The trial was carried out subsequently with the two selected protocols: use of the
“traditional” system (TT) for four weeks, followed by the “GREEN" experimental system
(TG), for a total period of 8 weeks. In this way, it was possible to compare the results of
the different methods of sanitization in areas with the same intended use, type of use, and
characteristics of contamination. Non-clean/non-treated surface sampling was carried out
as our control (NT).

Protocols used are listed in Tables 1 and 2. Briefly, the treatment differed for:

- Use of pre-treated Puli-scrub cloths in TT, treated at higher temperatures (90 °C) than
“GREEN” treatment (60 °C);

- The use of eco-labelled products for the cleaning of floors and surfaces in TT, with
higher tank dosages (1%) compared to the products of the experimental protocol
“GREEN” (dosage 0.3%).

- Use of eco-labelled textiles for the cleaning of floors and surfaces in the experimental
protocol “GREEN". Specifically, the Micro-Activa (Filmop), ultra-microfibre cloth
used for the cleaning of floors passed the test conducted by an independent
laboratory following the ISO 23231 for the release of microplastics in the water of
washing and rinsing. Furthermore, the Ultra Cloth (Diversey) used for the cleaning
of furniture, taps, and sanitaria has been certified as an Eco Nordic Swan product.
These products are thoroughly tested to evaluate the human safety of their use,
granting at the same time a low environmental impact (strict criteria concerning raw
materials, productive cycle, and distribution chain).

- The experimental protocol “GREEN” involved more durable textiles for the cleaning
of sanitaria, taps, and furniture (Ultra Cloth, Diversey). Such textiles can be used for
up to 500 washing cycles at 95 °C [19,20].

The Traditional protocol (TT) system was carried out as follows:
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Table 1. scheme of the TT protocol. For each operation, the working procedure, product, dilution,
equipment, trolley and machine is described. In the Table are listed the commercial cleaning prod-
ucts, cloths, and machines that have been employed.

Traditional Protocol

Operation Working Proce-

dure Dilution Product Equipment Trolley Machine
FLOORS—Hand  Mop wash with DU L.0% . Pine Ecolabel  Puli-Scrub Morgan Top-
washing flat fringe pre-impregnation (Sutter) (Filmop) bown Maxi
in the machine 7020 (Filmop)
FLOORS—Manual Mop wash with DU L.0% . Ondaklor Puli-Scrub Morgan ToP—
disinfection flat fringe pre-impregnation (Sutter) (Filmop) bown Maxi
in the machine 7020 (Filmop)
FLOORS—Mechani- ~C 0P8 M3 b5 1 5ot Pine Ecolabel Bluematic 50
. chine wash, nor- . CB BT (Ma-
cal washing mal mode tank dosing (Sutter) gris)
FLOORS—Mechani- ~-UPPI8ma- py 5 5 50, Ondaklor Bluematic 50
. . . chine wash, nor- . CB BT (Ma-
cal disinfection mal mode tank dosing (Sutter) ris)
. . . . Morgan Top-
Dusting of Bt ¢y, nd wigger 100 (P Diamend oMy Miero Cloth 1 g
Y)" 7020 (Filmop)
D.U. 3.0% . Morgan Top-
Kkl loth
Furniture disinfection Cloth and trigger dosage in bottle Ondaklor My Mlcro Clo Down Maxi
] . (Sutter) (Diversey) )
with trigger 7020 (Filmop)
. Morgan Top-
Toilet cleaning ~ Cloth and trigger ~ 100% (P.U.) Rulg Eiiojabel M};S/I 1cr1f> Cl)o th Down Maxi
utter) VEISEY) 7000 (Filmop)
D.U. 3.0% . Morgan Top-
Toilet disinfection Cloth and trigger dosage in bottle Ondaklor My Mlcro Cloth Down Maxi
. . (Sutter) (Diversey) )
with trigger 7020 (Filmop)
. . Morgan Top-
Saniary a0 P 06 1 and wigger 100% (UR) X5l P My Mo Cloh g
& Y)" 7000 (Filmop)
Textile recondition- Machine wash at 6 o/k Enzy Extra PWM520 18
ing—Detergent 90 °C &8 (Sutter) kg (Miele)
Textile recondition- Machine wash at 10 o/k Alka Power PWM520 18
ing— Alkalizing 90 °C 8/%8 (Sutter) kg (Miele)
Textile recondition- Machine wash at 6 o/k Per Active PWM520 18
ing — Disinfectant 90 °C /%8 (Sutter) kg (Miele)
Textile pre-impregna- Machine wash at 10 o/k Pine Ecolabel ~ Puli-Scrub PWM520 18
tion—Floor cleaner 90 °C 8/%8 (Sutter) (Filmop) kg (Miele)
Tszzlf Splj‘;f:z‘ep;fiia Machine washat o Ondaklor ~ Puli-Scrub PWM520 18
utter 1lmo lele
90 °C &%8 S Filmop kg (Miel

fectant

The GREEN protocol (TG) system was carried out as follows:

Table 2. scheme of the TG protocol. For each operation the working procedure, product, dilution,
equipment, trolley, and machine is described. In the Table are listed the commercial cleaning prod-
ucts, cloths, and machines that have been employed.

Operation

Green Protocol
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Work;tifroce- Dilution Product Equipment Trolley Machine
D.U. 0.3% Pine Eas
FLOORS—Hand Mop wash with pre-impregna- Ecolab i] Micro-Activa  Alpha 2672
washing flat fringe  tioninthema- o (Filmop) (Filmop)
. (Sutter)
chine
D.U. 3.0%
FLOORS—Manual Mop wash with pre-impregna- Ondaklor = Micro-Activa  Alpha 2672
disinfection flat fringe tion in the ma-  (Sutter) (Filmop) (Filmop)
chine
FLOORS—Mechan- ~C-UPPIN8Ma” 1y 1 5, Pine Easy Bluematic 50 CB BT
ical washin chine wash, tank dosin Ecolabel (Magris)
& ECOmode & (Sutter) a8
FLOORS—Me- CTPPIN8MA- 1y 1y 5600 Ondaklor Bluematic 50 CB BT
chanic disinfection chine wash, tank dosin (Sutter) (Magris)
ECO mode & &
Dusting of furni- Cloth and trig- -0 0% Diamond yp ) (Di- Alpha 2672
ture and surfaces er dosage in bottle Easy Eco- versey) (Filmop)
& with trigger label (Sutter) Y P
. . . D.U. 3.0% )
Furniture disinfec- Cloth and trig- . Ondaklor Ultra Cloth (Di- Alpha 2672
. dosage in bottle i
tion ger . ) (Sutter) versey) (Filmop)
with trigger
, , Cloth and trig- D'U',6'0 % RubyEasy Ultra Cloth (Di- Alpha 2672
Toilet cleaning dosage in bottle  Ecolabel .
ger . . versey) (Filmop)
with trigger (Sutter)
D.U. 3.0%
. . . Cloth and trig- v ,3 0% Ondaklor Ultra Cloth (Di- Alpha 2672
Toilet disinfection dosage in bottle .
ger ] ) (Sutter) versey) (Filmop)
with trigger
, . D.U. 3.0% .
Sanitary and taps Cloth and trig- . Descaler Ultra Cloth (Di- Alpha 2672
. dosage in bottle i
descaling ger . ) Plus (Sutter) versey) (Filmop)
with trigger
Textile recondition- Machine wash 6 or/k Enzy Extra PWM520 18 kg
ing —Detergent at 60 °C 81/%8 (Sutter) (Miele)
Textile recondition- Machine wash 10 er/k Alka Power PWM520 18 kg
ing — Alkalizing at 60 °C B1/%8 (Sutter) (Miele)
Textile recondition- Machine wash 6 or/k Per Active PWM520 18 kg
ing —Disinfectant at 60 °C 8158 (Sutter) (Miele)
Textil -i - Pine E
exti © PTEIMPTCE™ \fachine wash 1€ B Micro-Activa PWM520 18 kg
nation—Floor at 60 °C 3 gr/kg Ecolabel (Filmop) (Miele)
cleaner (Sutter) P
TiXttlilsfie;Tfi_ Machine wash 10 ex/k Ondaklor  Micro-Activa PWM520 18 kg
sha urta at 60 °C 5178 (Sutter) (Filmop) (Miele)

disinfectant

2.5. Standard/GREEN Protocol Products

Diamond/diamond easy: contains raw materials of vegetable origin (ex. surfactants,
solvents) derived from sugar beet and maize. Perfume with apple cider vinegar without
allergens (Reg. 648/2004). Phosphate-free, nickel-free (less than 0.01 ppm). The product is
not classified dangerous (without CLP symbols) according to the Reg. 1272/2008. It con-
tains <5% of anionic surfactants as antibacterial [21,22] and benzisothiazolinone, lauryla-
mine dipropylenediamine, and sodium pyrithione as preservative agents.
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Pine/pine easy: pine perfume with eucalyptus essential oil, contains raw materials of
vegetable origin (i.e., surfactants, solvents) derived from the processing of maize, pota-
toes, sugar beet, and coconut oil. Phosphate-free, nickel-free (less than 0.01 ppm). The di-
luted product according to the recommended dilution is not classified dangerous (without
CLP symbols) according to Reg. 1272/2008. Contains soap, anionic surfactants, non-ionic
surfactants < 5%, benzisothiazolinone, laurylamine dipropylenediamine, andsodium py-
rithione [21].

Ruby/ruby easy: Descaling detergent, based on natural organic acid (citric acid). Ideal
for the bathroom environment. Suitable for daily cleaning of taps, bathtubs, shower, tiles,
etc. The daily use of Ruby Easy, thanks to anti-redepositing agents, helps prevent the for-
mation of incrustations. Contains raw materials of vegetable origin (ex. surfactants, acids,
solvents) derived from sugar beet, cellulose, and coconut oil. Without phosphates, nickel-
free (less than 0.01 ppm). The product is not classified dangerous (without CLP symbols)
according to Reg. 1272/2008.

Ondaklor: chloros-oxidizing disinfectant with a cleansing cleaning and disinfectant
action of washable floors and surfaces. Contains sodium hypochlorite, C12-C14 alkyl-
dimethylamines, N-oxide, polycarboxylates, and amphoteric surfactants < 5% [23].

Per active: is a bactericidal and fungicidal disinfectant based on active oxygen and
peracetic acid. Indicated as an additive in automatic washing at low and medium temper-
atures. A total of 100 g of product contain acid peracetic 4.8 g, hydrogen peroxide 27.9 g,
co-formulants, and water q.b. to 100 g [24].

2.6. LCA Analysis

LCA is a methodology standardized by ISO 14040:2006 [25] and ISO 14044:2006 [26].
Furthermore, the ISO 14067:2018 standard was also taken as a reference [27] to quantify
the carbon footprint of the cleaning service, i.e., its greenhouse gases emissions.

ISO 14067:2018 standard establishes that reference shall be made to relevant Product Cat-
egory Rules (PCR), if existing. In this case, PCR 2011:03 v 3.0.1 “Professional cleaning services
for buildings” were considered for further specific indications for the UN CPC 853 product
[28]. PCR establishes the main analysis requirements, in terms of functional unit, system
boundaries, type and quality of data to be used, and applicable cut-off criteria.

The functional unit used is defined by the existing PCR, namely 1 square meter of repre-
sentative average surface kept clean for 1 year. In defining the representative surface, the dif-
ferent types of environments considered in the sample area were taken into consideration.

The system boundaries adopted are of the “cradle-to-grave” type. The processes in-
cluded in the analysis divided into the three phases, “upstream”, “core”, and “down-
stream”, are as follows:

e  The “upstream” phase included:

o the extraction of raw materials and their transformation;

o the transport of raw materials and semi-finished products to suppliers;

o the production of consumables, i.e., chemicals (detergents), textiles (fringes and
cloths), accessories used, and their primary (plastic) and secondary (cardboard)
packaging;

o the production of capital goods, or goods whose expected lifetime exceeds 3
years, i.e.,, machinery and equipment.

e  The “core” phase included:

o thetransport of consumables from producers to the building where the cleaning
service is provided;

o the implementation of the service through the use of chemical and textile prod-
ucts, equipment, and machinery;

o  the production of fuels needed for transport;

o the production of electrical and thermal energy used in the building for the im-
plementation of the service;
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o  water consumption for the dilution of chemical products and by washing machine.
e  The “downstream” phase included:
o  the transport and treatment of solid waste and of waste water generated by the
processes of the “core” phase.

The Impact Assessment methodology is implemented through the calculation of the
Global Warming Potential (GWP) impact category, based on the model created by the
Intergovernmental Panel on Climate Change (IPCC). This model evaluates the contribu-
tion to the increase in the greenhouse effect of some gases present in the atmosphere
(namely COz, CHs, N2O, SFs, HFCs, PFCs), correlating the quantity emitted to the category
indicator “kg CO: equivalent”, through the use of the specific characterization factor. This
factor varies according to the substance efficacy in influencing the radiative forcing and
its average residence time in the atmosphere, allowing to relate the GWP of each substance
to the GWP of COy, set equal to 1. The time threshold considered is one hundred years
and the characterization factors refer to the 5th IPCC Report of 2014. The total impact score
is obtained by adding together the contributions of each substance once translated into kg
COr-equivalent.

2.7. Statistical Analysis

Data were analyzed using Graphpad Prism (Graphpad software). Statistical analysis
was performed using one-way ANOVA followed by Dunnett’s multiple comparisons test
with GraphPad Prism version 9.0.0 for MacOS (GraphPad Software, San Diego, CA, USA).

3. Results and Discussion

The use of chemical-based disinfectants and detergents has increased in recent years,
due to resistant pathogens, and even more during the COVID-19 outbreak, regardless of
their toxicity to both humans and the environment and recontamination. A wide number
of new sustainable approaches has been proposed lately, in order to reduce the use of
these kind of disinfectants: Matsuura et al. in fact proposed the use of a photocatalytic
reaction of titanium dioxide (TiO2) to disinfect hospital surfaces (TiO2 photocatalyst), re-
ducing the use of chemicals; Rutala et al. showed that a continuous active disinfection,
accomplished by the use of a novel eco-labeled disinfectant (EPA registered as Firebird
F130), led to a 5-logio reduction against different strains of pathogenic bacteria; Shu et al.
proposed the use of nano-formulations of zinc oxide from green synthesis, achieving a
higher antimicrobial activity when compared to the chemical-based synthesis [7,29,30].

Nevertheless, performance standards for green cleaning products must be approved
and certified by certifying organizations such as Ecolabel or EPA Safer choice. The most
common ingredients present in the tested green sanitizing products are hydrogen perox-
ide, citric acid, and non-ionic surfactants, which are all considered being safer antimicro-
bials than the chemicals used in traditional cleaning products.

3.1. Cleaning Effectiveness

The “GREEN”" experimental protocol using 100% natural and biodegradable prod-
ucts in combination with the use of cloths and mops in disposable microfiber, in the sani-
tization procedures of hospital areas at a medium-high health risk, was found to be a tech-
nique of relevant interest. The experimental system has proved, within the limits of the
sampling carried out, that the performance is in line with the traditional system. The limit
of acceptability of the sanitization treatment is established by the guidelines used and is
the numerical value of grown microorganisms (expressed in Colony Forming Units) per
cm?, above which the sanitization treatment must be considered unacceptable.

All the sampled spaces were found acceptably sanitized: in fact, all spaces resulted
in being acceptably cleaned, and the TG has always been comparable (if not better) to the
TT with every technique used. Data are reported in the Supplementary Material file, from
Supplementary Material Figures S1-S8.
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It must be noted that the variability in the number of microorganisms present in the
various environments is subject to the variability of use and of patients who have fre-
quented the environment. Therefore, the data to be evaluated is the microbial abatement
(or percentage reduction) between pre-treatment (NT) and post-treatment (TT or TG).

The percentage reduction (TT and TG vs. NT) of sampled bacteria with swabs and
total bacterial RODAC count plates on Tryptic Soy Agar (TSA) are subsequently reported
in Figures 1-4.

Percentage reduction TG and TT vs NT - Patient room

100 =
90
80
70
g 60
&
|5
§ 50 ]:
R 40
30
20
10
0
Patient bed Furniture Floor
Figure 1. Percentage reduction of Untreated vs. Treated (TT in blue and TG in green) —Patient room
area. Data are the mean of 2 independent experiments performed on triplicate (mean +/- standard
deviation), and values are represented as a percentage.
Percentage reduction TG and TT vs NT - Bathroom
120
100 I
80 ]:
|7
&0
=
=
§ 60
A
40
0

Toilet Bathroom floor Shower plate Anteroom floor

Figure 2. Percentage reduction of Untreated vs. Treated (TT in blue and TG in green) —Bathroom
area. Data are the mean of 2 independent experiments performed on triplicate (mean +/- standard
deviation), and values are represented as a percentage.
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Percentage reduction TG vs NT - Waiting Room
100
20

Percentage
w
[e=]

Chair Floor

Figure 3. Percentage reduction of Untreated vs. Treated (TT in blue and TG in green)—Waiting
room area. Data are the mean of 2 independent experiments performed on triplicate (mean +/-
standard deviation), and values are represented as a percentage.

Percentage reduction TG vs NT - Corridor

Percentage
=] w . wl oy ~1
=] =] o =] =] o

=
o

Chair Floor

Figure 4. Percentage reduction of Untreated vs. Treated (TT in blue and TG in green)—Corridor
room. Data are the mean of 2 independent experiments performed on triplicate (mean +/- standard
deviation), and values are represented as a percentage.

3.2. Microbial Isolation and Identification.

The different spaces were sampled and titled in selective Mannitol Salt Agar soils for
the isolation of Staph. aureus (MSA), MacConkey Agar for Enterococci Isolation (MCA),
Sabouraud Dextrose Agar for Mold and Yeast Isolation (SDA), and Clostridium difficile
Agar Base for Clostridium Isolation (CDBA). The results did not reveal the presence of
pathogenic microorganisms Staph. aureus, C. albicans, E. coli, A. niger, and C. difficilis. From
the biochemical API Tests (Biomerieux), the following microorganisms have been isolated
and identified, mainly:

- Staph. hominis (27)
- Staph. cohnii ssp. Cohnii (6)
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- Staph. sciuri (2)

- Staph. capitis (15)

- Aerococcus urinae (11)

- S.agalactiae (3)

- Lactococcus lactis spp. Cremoris (2)
- Aerococcus viridans (4)

3.3. LCA Analysis

The comparative LCA analysis showed that TG permits avoiding 0.168 kg of COze
every year compared to the TT for each square meter of cleaned surface. This means that
every year the application of “GREEN" protocol to the entire hospital would allow a quan-
tity of avoided emissions equal to 4.53 tons of COze.

The most significant reduction in absolute terms is associated with the electricity con-
sumption of the laundry cycles. The washing at 60 °C associated with the laundry product
system guarantees a high level of microbiological hygiene while allowing a reduction of
emissions by 51.8% compared to the “Traditional” 90 °C program. Another factor contrib-
uting to energy consumption reduction, albeit to a lesser extent, is the use of the latest
generation fringes and cloths in TG, lighter than the equipment used in TT.

The greatest contribution to impact reduction from textiles is both the lower impact
per piece in the production and end-of-life phases, and the longer duration of the dusting
cloths. Overall, the textiles of the “GREEN" protocol allow for a saving of 44.4% compared
to those of the “Traditional” protocol.

A third significant contribution comes from the use of more concentrated cleaning chem-
icals, and are therefore more effective than those used in TT when the same mass is compared.
The lower consumption allows for a saving of greenhouse gas emissions equal to 26%.

Finally, a further contribution is made by lower consumption of laundry chemicals
for washing and pre-impregnating textiles. The difference between the two protocols in
this specific aspect is of 23.5% in favor of the TG.

4. Conclusions

The main benefit of using eco-friendly cleaning products is that they are better for
the environment: they are designed to have environmentally friendly properties such as
biodegradability, low toxicity, and lower concentrations of use, ensuring the effectiveness
of cleaning. The LCA comparative analysis study found that the Green Protocol, imple-
mented at the Hospital Santa Maria della Scaletta in Imola, allows for reducing the carbon
footprint due to the reduced electricity consumption, longer duration of cloths, and higher
concentrated chemicals, when compared to a Traditional Protocol.

From the data obtained and reported above it can be stated that “traditional” and
“GREEN" protocols have had good performance in terms of sanitizing effectiveness and
COze. From the CAM requirements, the “GREEN" protocol must give equal or better re-
sults than the traditional protocol. Following the analysis carried out, it can be concluded
that the “"GREEN” experimental system meets this criterion and has shown better perfor-
mance than the "traditional" system regarding the antimicrobial activity and always
within the threshold (all findings are in an acceptable state of sanitation). Is noteworthy
that the antimicrobial decontamination was accompanied by avoiding 0.168 kg of COze
every year for each square meter of cleaned surface. This means that every year, the ap-
plication of “GREEN" protocol to the entire hospital would allow a quantity of avoided
emissions equal to 4.53 tons of COze.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/article/10.3390/su141811465/s1, Supplementary Materials—Hospital cleaning re-
gimes evaluation.
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