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Abstract. Background and Aim: The widespread use of of chemical agents used for cleaning, antisepsis, disin-
fection ad sterilization has raised concerns about their potential human and environmental toxicity. As these 
substances are dispersed in diverse environments, they interact with ecosystems and natural elements, po-
tentially leading to ecological consequences. Moreover, they may pose toxic effects on human health — such 
as skin irritation, eye damage, or inhalation risks. The careful management of chemical agents in healthcare 
settings plays a crucial role, embodying the principles of sustainability and responsible healthcare. Our study 
aims to identify the types of chemical products in use, their chemical compositions, and their potential human 
and environmental impacts. Methods: This semi-qualitative, cross-sectional study focused on the character-
istics of chemical products used in healthcare facilities in Puglia and Basilicata, southern Italy. From June to 
July 2023, we requested the list of these products from the health directorates of major healthcare facilities 
in the two regions. Two researchers analyzed the available safety data sheet for the extracted products. Stata 
MP18® was used for statistical analysis. Variables were expressed as frequencies and proportions. The chi-
square or the Fisher’s exact tests were used to compare categorical variables between groups. A two-sided  
p-value < 0.05 was considered statistically significant for all tests. Results: Four of 7 healthcare facilities in-
quired gave the documents and the sample is representative for all Puglia and Basilicata healthcare facilities. 
Among the 72 chemical agents analyzed, a concerning observation emerged. Data on the toxicity related to 
human exposure were not reported for 35.9% of them. Information on environmental impact and toxicity data 
was missing for 27.8% of the products. Conclusions: The integration of health, safety, and environmental is cru-
cial for the sustainable and high-quality development of human society. The sustainable and responsible use of 
chemical agents requires a holistic approach that considers both human safety and environmental well-being. 
Adopting solutions that prioritize public health and environmental sustainability is imperative for a healthier 
and resilient future. The lack of information on the potential impact of these products raises alarms, especially 
considering the urgency of addressing global environmental concerns. (www.actabiomedica.it)
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Introduction

The extensive use of chemical agents has become 
a hallmark of public health and hygiene efforts, par-
ticularly within healthcare facilities. These formula-
tions, designed to eliminate harmful microorganisms 
and reduce the spread of infections, have played a 
pivotal role in safeguarding patient well-being (1). 
Chemical products, while indispensable in health-
care, have a far-reaching impact that extends beyond 
the confines of medical institutions. They are de-
ployed in schools, public transportation, households, 
and industrial sectors, contributing to a broader en-
vironmental footprint. In particular, the COVID-19 
pandemic prompted a coordinated response from lo-
cal authorities, governments, and public health insti-
tutions worldwide aimed at implementing effective 
preventive measures (2). These measures included 
a range of non-pharmaceutical interventions such 
as handwashing, mask-wearing, and social distanc-
ing (2). The emphasis on hand hygiene and regular 
surface decontamination intensified disinfection ef-
forts in healthcare settings, public facilities, commu-
nal spaces, and households. Consequently, there was 
a significant and unprecedented surge in the use of 
chemical agents globally (3). For instance, Choi K 
et al. (4) observed increased handwashing frequency 
and the use of hygiene products like hand antisep-
tics and soaps in South Korea, comparing the pre- 
and post-COVID-19 eras. Moreover, a 2020 study 
documented an exponential rise in the demand of 
chemical agents to the extent that producers and 
manufacturers struggled to meet the overwhelming 
market requirements, particularly during the initial 
phases of the pandemic (5). The increasing ubiquity 
of chemical products use, not only in hospitals but 
also in many other settings, has brought concerns re-
garding their potential environmental toxicity (1). As 
these products are disseminated across various envi-
ronments, they interact with ecosystems and natural 
elements in intricate ways, potentially engender-
ing unforeseen ecological consequences. Chemical 
agents’ heightened use threatens aquatic ecosystems 
by directly destroying plants’ cell walls, or they can 
bond with other materials to form harmful com-
pounds (6). Furthermore, the overuse and misuse of 

these formulations have led to an increase in antimi-
crobial resistance (7). Residues of chemicals present 
on surfaces can become airborne, potentially leading 
to a decline in indoor air quality; this deterioration 
in air quality can have adverse effects, particularly 
for individuals with asthma, allergies, or heightened 
sensitivities (8). Additionally, the entire lifecycle of 
these products, from production to disposal, raises 
complex issues regarding chemical composition, en-
vironmental persistence, and waste management (9). 
Nason SL et al. (10) qualitatively identified increas-
ing concentrations of disinfectants in environmental 
matrices (or environmental compartments), includ-
ing in sewage sludge, during the early stages of the 
COVID-19 pandemic, reflecting the heightened us-
age of chemical disinfectants. The need to balance 
effective infection control and environmental pro-
tection has never been more relevant as the scientific 
community grapples with these intricacies, there is 
an imperative to comprehensively examine the envi-
ronmental toxicity risks linked to the widespread use 
of chemical agents. Within a “green hospital” frame-
work, the meticulous handling of chemical products 
in healthcare settings assumes a pivotal role (11). The 
conscientious management of these in hospital fa-
cilities embodies the principles of sustainability and 
responsible healthcare. This multifaceted approach 
serves the dual purpose of safeguarding patient and 
healthcare worker well-being and ensuring the sus-
tainability of the hospital’s internal environment and 
the surrounding ecosystem. It involves implementing 
sound waste management practices and ensuring that 
the disposal of used products and related materials 
adheres to stringent environmental standards. Fur-
thermore, an equally critical facet of this strategy re-
volves around procuring chemical formulations with 
the lowest conceivable levels of environmental tox-
icity. The careful selection of these agents reflects a 
commitment to minimizing the ecological footprint 
of healthcare activities. In this context, Green Pub-
lic Procurement (GPP) is an environmental policy 
tool aimed at promoting the development of a mar-
ket for products and services with reduced environ-
mental impact through the lever of public demand. 
It plays a crucial role in achieving the objectives of 
vital European strategies, such as those related to 
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resource efficiency and the Circular Economy (12). 
GPP in the healthcare sector is a strategic approach 
aimed at reducing environmental impact and pro-
moting sustainability in procuring and managing 
healthcare supplies and services. GPP in healthcare 
is a significant step toward creating eco-friendly 
and environmentally responsible healthcare facili-
ties. GPP practices include selecting suppliers and 
products that comply with stringent environmental 
regulations, purchasing low-impact medical devices, 
optimizing water and energy resources, implementing 
sustainable waste management, and promoting clini-
cal practices and therapies that reduce environmental 
impact. These actions contribute to pollution reduc-
tion and operational cost savings and enhance over-
all healthcare quality (13). Although the subject is of 
considerable contemporary relevance, there is a dis-
tinct lack of studies specifically aimed at identifying 
and assessing the types of chemical agents employed 
in hospital environments. Noteworthy, however, are 
observations regarding the application of ozone as 
an environmentally sustainable disinfectant during 
the COVID-19 pandemic (14), suggesting promis-
ing avenues for eco-friendly sanitation technologies. 
At the same time, concerns have been raised that the 
prolonged and excessive use of conventional biocides 
may contribute to the growing problem of antimicro-
bial resistance in healthcare settings. This underscores 
the urgent need to investigate alternative disinfection 
strategies that are both effective and less detrimental 
to the environment (15). A recent review highlights 
the presence of pollutants in hospital wastewater and 
evaluates their ecotoxicological impact, thereby of-
fering a complementary perspective to the debate. 
It reinforces the necessity of developing realistic 
and sustainable environmental management policies 
for healthcare institutions, including the substitu-
tion of hazardous chemical products with less pol-
luting alternatives (16). This semi-qualitative study 
seeks to address these critical issues by focusing on 
the characteristics of chemical products employed in 
healthcare facilities in Puglia and Basilicata, southern 
Italy. In those regions, the procurement of these for-
mulations for public healthcare facilities is conducted 
by the local health authorities, covering all hospitals 
within the provincial area. This procurement process 

typically involves predefined requirements and price 
assessments through tendering procedures. However, 
the environmental impact is expected not to be evalu-
ated during this process.

Methods

This is a cross-sectional study that employed a 
semi-qualitative approach. Between June and July 
2023, we requested the formulary of detergents, an-
tiseptics, disinfectants and sterilants used in health-
care facilities from relevant authorities (17). In the 
public healthcare sector, procurement occurs under 
regional contractual agreements, resulting in the 
uniform use of the same products across all public 
hospitals in the region. Conversely, private health-
care facilities acquire their products through inde-
pendently conducted tenders. To ensure geographic 
and institutional representativeness, we contacted 
the local health authorities (ASLs) of Bari, Barletta- 
Andria-Trani, Foggia, Lecce, and Taranto in the 
Apulia region, and Matera in the Basilicata region. 
The sample comprised institutions delivering both 
acute and long-term care. Specifically, the request 
encompassed the formularies adopted by first-level 
hospitals (e.g., “Vito Fazzi” Hospital of Lecce),  
second-level hospitals (including the University 
Teaching Hospital Consortium “Giovanni XXIII” of 
Bari and the University Teaching Hospital “Policlin-
ico Riuniti” of Foggia), and accredited private insti-
tutions, such as the Scientific Institute for Research, 
Hospitalisation and Healthcare (IRCCS) “Casa Sol-
lievo della Sofferenza” in San Giovanni Rotondo, 
the National Institute of Gastroenterology (IRCCS) 
“S. De Bellis” in Castellana Grotte, and IRCCS 
“Maugeri” of Bari, the latter specialised in long-term 
care. The Matera Health Authority (ASM Matera) in 
the Basilicata region was also included. It should be 
specified that the General-University Hospital Poli-
clinico of Bari is the largest hospital in Puglia, with 
1,000 beds, 70 wards, and 7,000 healthcare workers. 
Therefore, the data from Policlinico of Bari are ap-
plicable to all the Local Health Authorities in the 
Puglia region, as the procurement specifications are 
centralized at the regional level. The documentation 
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to compare categorical variables between groups. A 
two-sided p-value < 0.05 was considered statistically 
significant for all tests.

Results

Quantitative analysis

Four of 7 healthcare facilities gave the documents, 
1 of second-level hospitals - University Teaching Hos-
pital Consortium “Giovanni XXIII” of Bari- 1 of the 
accredited private institutions, the Scientific Institute 
for Research, Hospitalisation and Healthcare (IRCCS) 
“Casa Sollievo della Sofferenza” in San Giovanni Ro-
tondo (756 beds, annually, it manages an average of 
32,551 admissions and 922,655 outpatient proce-
dures), the accredited private institution for long-term 
care, IRCCS “Maugeri” of Bari (48 beds), and ASM 
Matera (the combined bed capacity across the facilities 
amounts to 555 beds). Out of the 72 antiseptics, de-
tergents, disinfectants and sterilants analyzed, a con-
cerning observation emerged as 8 (11.1%) products 
were characterized by an inappropriate documentation 
of safety data. Out of these 72chemical products, 19 
(26.4%) were utilized for cleaning and/or antisepsis 
of intact skin, 13 (18.1%) for the cleaning and/or dis-
infection of environments and surfaces, 4 (5.6%) for 
cleaning and/or antisepsis of injured skin or mucosae, 
and 29 (40.3%) for cleaning, disinfection, and steriliza-
tion of medical devices and equipment. Seven (9.7%) 
products fell into a mixed category of use, with 4 be-
ing used both for cleaning and/or antisepsis of intact 
skin and injured skin or mucosae, and 3 for the clean-
ing and/or disinfection of environments and surfaces, 
as well as for cleaning, disinfection, and sterilization 
of medical devices and equipment. The toxicity data 
concerning human exposure is graphically described 
in Figure 1, which provides a comprehensive overview 
of the potential risks associated with the use of these 
chemical agents on human health. On average, 35.9% 
(25/72) of the analyzed products did not include or re-
port any information about their potential toxic effects 
on human health — such as skin irritation, eye dam-
age, inhalation risks, or other safety hazards related to 
human exposure.

request included the list of products that had won the 
procurement contract, the formularies used within 
the hospital facilities, and the technical data sheets of 
the products listed in the formularies. All commercial 
names of the chemical agents were extracted from the 
provided lists, and duplicate products were excluded. 
Two researchers analyzed the available safety data 
sheet for the extracted products. The information re-
ported in the safety data sheets was classified using 
the EC Regulation 1272/2008 (18). This regulation 
introduced Hazard Statements (H Phrases) on labels, 
indicating the nature of the hazard of chemicals and 
mixtures. Each researcher compiled a form available 
in excel, documenting, for each chemical product, 
the active ingredient(s), the category of use (clean-
ing and/or -antisepsis of intact skin, cleaning and/or 
disinfection of environments and surfaces, cleaning 
and/or antisepsis of injured skin or mucosae, clean-
ing, disinfection, and sterilization of medical devices 
and equipment, and mixed-use), and their human 
and environmental hazard profile. This evaluation 
was based on the Green Public Procurement criteria 
(12), assessing toxicity (carcinogens, mutagens, re-
productive hazards), endocrine-disrupting chemicals, 
neurotoxicity, allergenicity/asthmagenicity, sensitiza-
tion, skin and eye irritation, persistence, bioaccumu-
lation, and toxicity to aquatic organisms (both acute 
and chronic). Additional considerations included the 
recyclability or compostability of packaging, the use 
of refillable bottles, and disposal methods (hazard-
ous waste vs. regular waste). These variables were ex-
pressed as categorical variables, indicating whether 
the safety data sheet included that specific informa-
tion and, if so, whether it had that profile or not. Any 
discrepancies were resolved through consensus be-
tween the two researchers. Subsequently, both quan-
titative and qualitative analyses were performed. In 
the qualitative analysis, we reviewed the characteris-
tics of the active ingredients of the chemical agents 
under analysis, with a primary focus on the human 
and environmental hazard profile as reported in the 
safety data sheets. The information reported in the 
aforementioned standardized form was analyzed in 
the quantitative analysis, and the categorical vari-
ables were expressed as frequencies and proportions. 
The chi-square or the Fisher’s exact tests were used 
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Figure 1. Human toxicity profile of the 72 analyzed chemical products for cleaning, antisepsis, disinfection and 
sterilization.

The toxicity data concerning human exposure by 
category of use is described in Table 1.

The environmental impact and toxicity data are 
detailed in Figure 2, shedding light on the potential 
consequences of these products on the ecosystem. On 
average, 27.8% (20/72 -) of the analyzed products 
did not provide information about their environmen-
tal impact such as acute and chronic aquatic toxicity, 
persistence of bio accumulative and toxic substance, 
reusability of bottles, waste disposal or recyclable 
packaging.

The toxicity data concerning environmental expo-
sure by category of use is described in Table 2.

Qualitative analysis

The toxicity characteristics of the active principles 
of the analyzed products are described in table 3, as 
reported in their respective safety data sheets. Among 
the 72 chemical agents analyzed, an average of 31.9% 
of the products lacked crucial information regard-
ing either their environmental impact (e.g., aquatic 

toxicity, bioaccumulation, packaging sustainability) 
and/or their potential toxic effects on human health. 
This average reflects the overlap between the 35.9% 
of products lacking environmental data and the 27.8% 
lacking health-related toxicity data.

Discussion

Our investigation into the toxicity profiles of 
chemical agents for cleaning, antisepsis, disinfection 
and sterilization has revealed significant gaps in hu-
man and environmental safety information, with an 
average of a notable 31.9% of products lacking envi-
ronmental data (35.9%) and/or health-related toxicity 
data (27.8%) among 72 products analysed. This critical 
deficiency poses a considerable challenge in compre-
hensively assessing the risks associated with these 
widely-used products. This absence of information 
raises significant questions about the transparency and 
accountability of these particular products in ensuring 
user safety. The human toxicity profile is concordant 
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Table 1. The human toxicity profile of the analyzed detergents, antiseptics, disinfectants and sterilants, by use category.

Cleaning 
and/or 
antisepsis 
of intact 
skin 
(n=19)

Cleaning 
and/or 
disinfection of 
environments 
and surfaces 
(n=13)

Cleaning 
and/or 
antisepsis 
of injured 
skin or 
mucosae 
(n=4)

 Cleaning, 
disinfection, 
and 
sterilization 
of medical 
devices and 
equipment 
(n=29)

Mixed-use 
(n=7)

Total 
(n=72) p-value

Skin and eye irritation

N/A 4 (21.1%) 0 (0.0%) 0 (0.0%) 2 (6.9%) 2 (28.6%) 8 (11.1%)

0.192
No 0 (0.0%) 2 (15.4%) 0 (0.0%) 1 (3.5%) 0 (0.0%) 3 (4.2%)

Yes 15 (78.9%) 11 (84.6%) 4 (100.0%) 26 (89.6%) 5 (71.4%) 61 
(84.7%)

Sensitization

N/A 12 (63.2%) 8 (61.5%) 0 (0.0%) 10 (34.5%) 2 (28.6%) 32 
(44.4%)

0.068No 6 (31.6%) 4 (30.8%) 2 (50.0%) 17 (58.6%) 4 (57.1%) 33 
(45.8%)

Yes 1 (5.3%) 1 (7.7%) 2 (50.0%) 2 (6.9%) 1 (14.3%) 7 (9.7%)

Allergenicity/asthmagenicity

N/A 9 (47.4%) 4 (30.8%) 0 (0.0%) 6 (20.7%) 2 (28.6%) 21 
(29.2%)

0.558
No 3 (15.8%) 2 (15.4%) 1 (25.0%) 5 (17.2%) 2 (28.6%) 13 

(18.1%)

Yes 7 (36.8%) 7 (53.8%) 3 (75.0%) 18 (62,1%) 3 (42.8%) 38 
(52.7%)

Neurotoxicity

N/A 7 (36.8%) 6 (50.0%) 2 (50.0%) 10 (34.5%) 2 (28.6%) 27 
(38.0%)

0.718
No 5 (26.4%) 4 (33.3%) 2 (50.0%) 14 (48.3%) 3 (42.8%) 28 

(39.4%)

Yes 7 (36.8%) 2 (16.7%) 0 (0.0%) 5 (17.2%) 2 (28.6%) 16 
(22.6%)

Endocrine disrupting chemicals

N/A 12 (63.2%) 7 (53.9%) 2 (50.0%) 14 (48.3%) 3 (42.8%) 38 
(52.8%)

0.696No 7 (36.8%) 5 (38.5%) 2 (50.0%) 15 (51.7%) 4 (57.1%) 33 
(45.8%)

Yes 0 (0.0%) 1 (7.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (1.4%)

Toxicity (such as carcinogens, mutagens, reproductive hazards)

N/A 16 (84.2%) 7 (53.8%) 4 (100.0%) 25 (86.2%) 4 (57.1%) 56 
(77.8%)

0.111
No 1 (5.3%) 3 (23.1%) 0 (0.0%) 2 (6.9%) 3 (42.9%) 9 (12.5%)

Yes 2 (10.5%) 3 (23.1%) 0 (0.0%) 2 (6.9%) 0 (0.0%) 7 (9.7%)
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Figure 2. Environmental impact profile of the 72 analyzed chemical products for cleaning, antisepsis, disinfec-
tion and sterilization.

Table 2. Environmental impact profile of the analyzed detergents, antiseptics, disinfectants and sterilants-by category of use.

Cleaning 
and/or 

antisepsis of 
intact skin 

(n=19)

Cleaning and/
or disinfection

 of 
environments 
and surfaces 

(n=13)

Cleaning 
and/or 

antisepsis of 
injured skin 
or mucosae 

(n=4)

 Cleansing 
disinfection, 

and 
sterilization 
of medical 

devices and 
equipment 

(n=29)
Mixed-use 

(n=7)
Total 

(n=72) p-value

Hazardous-waste disposal

N/A 12 (63.2%) 9 (69.2%) 4 (100.0%) 19 (65.5%) 3 (42.8%) 47 (65.3%)

0.532No 3 (15.8%) 0 (0.0%) 0 (0.0%) 2 (6.9%) 2 (28.6%) 7 (9.7%)

Yes 4 (21.0%) 4 (30.8%) 0 (0.0%) 8 (27.6%) 2 (28.6%) 18 (25.0%)

Refillable bottles

N/A 5 (26.3%) 0 (0.0%) 0 (0.0%) 5 (17.2%) 5 (71.4%) 15 (20.8%)

0.003No 14 (73.7%) 11 (84.6%) 4 (100.0%) 24 (82.8%) 2(28.6%) 55 (76.4%)

Yes 0 (0.0%) 2 (15.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (2.8%)

Packaging (recyclable or compostable)

N/A 4 (21.1%) 1 (7.7%) 0 (0.0%) 5 (17.2%) 3 (42.8%) 13 (18.1%)

0.601No 13 (68.4%) 9 (69.2%) 4 (100.0%) 17 (58.6%) 3 (42.8%) 46 (63.8%)

Yes 2 (10.5%) 3 (23.1%) 0 (0.0%) 7 (24.2%) 1 (14.4%) 13 (18.1%)

Table 2 (Continued)
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Table 3. Toxicity characteristics of the active principles of the analyzed chemical products for cleaning, antisepsis, disinfection and 
sterilization.

Active Principle Toxicity Characteristics

1-Propanamino,3-Amino-N-(Carboxymethyl)-
N,N-Dimethyl,N-C8-18acyl Derivatives

In a mixture, it serves as a disinfectant hand soap, causing severe eye damage 
and proving harmful to aquatic organisms with long-lasting effects

2-Phenoxyethanol It is included in a mixture as an instrument disinfection product, it is harmful 
if swallowed and causes severe eye irritation

Alkyl Ether of Carboxylic Acid It is used in mixtures as a disinfectant and cleaning agent for surgical 
instruments, endoscopes, laboratory accessories, and anesthesia. It is irritating 
to the skin and eyes but non-toxic

Benzalkonium Chloride It is used for cleaning and antisepsis of injured skin, antisepsis of the hands, 
delimitation, and preparation of the operating field. Possible intolerance and 
frequent applications may cause skin irritation and dryness. It should not be 
used for prolonged treatment, and contact with the eyes should be avoided

Boric Acid It is used for disinfecting medical-surgical devices. It can be harmful if 
inhaled, irritating the respiratory tract and skin, and dangerous if swallowed, 
leading to eye irritation. It is partially soluble in water, and there is no toxicity 
and bioaccumulation data for aquatic organisms

Butane/Propane It is used as an instrument lubricant, it may cause irritation through 
inhalation, skin, and eye contact. It may also lead to allergic reactions. It is not 
classified as carcinogenic, not considered environmentally hazardous, and is 
not bioaccumulative

Cetrimide It is used for cleansing and disinfection of injured skin, external cleansing and 
antisepsis in obstetrics, gynecology, urology, and disinfection of intact skin. 
It is non-toxic topically, causes slight skin irritation, and is not classified as 
dangerous for the environment

Citric Acid It is used in a mixture with other active ingredients as a liquid detergent, 
descaler, and disinfectant. It is highly irritating to the eyes and can cause 
allergic reactions. It is toxic to aquatic organisms, with no data on persistence 
and biodegradability

Cleaning 
and/or 

antisepsis of 
intact skin 

(n=19)

Cleaning and/
or disinfection

 of 
environments 
and surfaces 

(n=13)

Cleaning 
and/or 

antisepsis of 
injured skin 
or mucosae 

(n=4)

 Cleansing 
disinfection, 

and 
sterilization 
of medical 

devices and 
equipment 

(n=29)
Mixed-use 

(n=7)
Total 

(n=72) p-value

Acute and chronic aquatic toxicity

N/A 7 (36.8%) 3 (23.1%) 0 (0.0%) 10 (34.5%) 3 (42.8%) 23 (31.9%)

0.251No 3 (15.8%) 6 (46.2%) 3 (75.0%) 6 (20.7%) 3 (42.8%) 21 (29.2%)

Yes 9 (47.4%) 4 (30.7%) 1 (25.0%) 13 (44.8%) 1 (14.4%) 28 (38.9%)

Persistent bio-accumulative and toxic substances

N/A 12 (63.2%) 8 (61.5%) 1 (25.0%) 19 (65.5%) 2 (28.6%) 42 (58.3%)

0.355No 6 (31.6%) 4 (30.8%) 3 (75.0%) 7 (24.1%) 5 (71.4%) 25 (34.7%)

Yes 1 (5.2%) 1 (7.7%) 0 (0.0%) 3 (10.3%) 0 (0.0%) 5 (7.0%)
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Active Principle Toxicity Characteristics

Didecylammonium Chlorate Detergent and disinfectant mixed with other active ingredients for medical-
surgical devices, decontaminating and cleaning solution for invasive medical 
devices and electro-medical equipment. It is harmful if swallowed and 
corrosive to the skin, causing severe skin burns and serious eye damage. It is 
very toxic to aquatic organisms and has long-lasting effects

Dodecan-1-Ol-Ethoxylate It is used in a mixture as a skin and mucous membrane antiseptic, causing 
acute oral toxicity and eye irritation. It is toxic to aquatic organisms with 
long-lasting effects

Ethanol 96% It is a highly flammable liquid used as a disinfectant, and inhalation may lead 
to respiratory tract irritation. Splashes or contact with eyes may lead to eye 
irritation. It is not classified as environmentally hazardous

Ethyl Alcohol Cyclohexane It is used as a sanitizer, it is a flammable liquid that irritates the eyes and may 
cause drowsiness or dizziness. It is very toxic to aquatic organisms and has 
long-lasting effects

Ethoxylated Fatty Alcohol Detergent for medical-surgical devices causing skin irritation. It is hazardous 
to the aquatic environment in the short term and biodegradable

Gioneutacetic Acid A liquid substance used for instrument disinfection in hospital settings. It 
is a flammable, corrosive liquid that can cause severe eye damage and skin 
irritation. There are no available data on carcinogenicity, reproductive toxicity, 
mutagenicity, or teratogenicity. It is toxic for fish and biodegradable

Glacial Acetic Acid It is used as a solvent and agent for analysis. This highly flammable liquid and 
vapor can cause severe skin burns and eye damage. It should not enter drains 
due to the risk of explosion. It is highly biodegradable

Glucoprotamin It is used in a mixture as an instrument disinfection product, it is harmful if 
swallowed or inhaled and skin corrosive. It causes severe eye damage and is 
hazardous to the aquatic environment in the short term.

Glutaral It is used in mixtures as a disinfectant for instruments, cleaning of surgical 
instruments, endoscopes, laboratory accessories, and anesthesia. It has acute 
oral and inhalation toxicity, is corrosive to the skin, may damage the eyes, 
and may cause allergic symptoms or breathing difficulties. It is very toxic to 
aquatic organisms and has long-lasting effects

Hydrogen Peroxide It is used as a skin disinfectant and instrument disinfectant mixture. It is an 
oxidizing liquid harmful if inhaled or swallowed, causing severe skin burns 
and serious eye injuries. It may irritate the respiratory tract and is readily 
biodegradable

Isopropanol Chlorhexidine Digluconate It is used in solution with other active ingredients for disinfection, it causes 
severe eye injuries and is very toxic to aquatic organisms with long-lasting 
effects

Isopropyl Alcohol It is used in a mixture with other active ingredients as a hand disinfectant, 
antisepsis for intact and injured skin, and surface disinfectant. It is a 
flammable liquid, irritating to the eyes, and may cause drowsiness or dizziness. 
There is no evidence of mutagenicity, carcinogenicity, and reproductive 
toxicity, and it is biodegradable

L-(+)Lactic Acid It is included in a hand disinfectant soap mixture, it causes severe irritation to 
the eyes and skin

Laurylpropylenediamine It is used in a mixture as an instrument disinfectant, it is orally toxic, corrosive 
to the skin, and causes severe eye damage. Prolonged exposure can lead to 
organ damage. It is very toxic to aquatic organisms with both acute and 
chronic effects

Table 2 (Continued)
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Active Principle Toxicity Characteristics

Methyl Ketone A surface cleaner that is a flammable liquid irritates the eyes and may cause 
drowsiness or dizziness

N-Hexane It is utilized as a solvent in the laboratory, N-HEXANE is a flammable 
liquid that causes corrosion and skin irritation. It can be lethal if swallowed 
and enters the respiratory tract. Suspected of harming fertility, it can induce 
narcotic effects and drowsiness. It is toxic to aquatic organisms with long-
lasting effects

P-Teramylphenol-O-Phenylphenol-O-Benzyl- 
P-Chlorophenol

A concentrated aqueous disinfectant solution based on phenolic derivatives, it 
is non-sensitizing, non-carcinogenic, non-mutagenic, and non-teratogenic. It 
is irritating to the eyes and skin and harmful to aquatic organisms

Pentasodium Diethylenetriaminopentacetate It is used in decontaminating and cleaning solutions for medical devices and 
electro-medical equipment, it is suspected of harming the unborn child. It is 
harmful if inhaled and causes severe eye irritation

Peracetic Acid It is used in a mixture with other active ingredients for disinfecting and 
sterilizing endoscopes, medical devices, and instruments. It is a flammable, 
corrosive liquid with acute toxicity (Category 4) and may irritate the 
respiratory tract. It poses short- and long-term hazards to the aquatic 
environment

Phosphoric Acid It is used for cleaning medical-surgical instruments. Corrosive to metals and 
skin, causing severe skin burns and eye damage. There is no data on toxicity, 
and it can be disposed of through the sewer

Poly(Oxy-1,2-Ethanediyl)-Alpha-Tridecyl 
Omega-Hidaxy, Branched

In a mixture, it is a decontaminating and cleaning solution for medical devices 
and electro-medical equipment. It is harmful if swallowed and may damage 
the eyes. It is rapidly biodegradable

Polyglycol Ether of Fatty Acid It is utilized in a mixture as an instrument disinfectant, it poses acute oral 
toxicity and causes severe eye damage

Polyhexamethylene Biguanide Hydrochloride It is used for cleansing and disinfection in a mixture with other active 
ingredients. It is a solution for irrigation of wounds, rinsing, and moisturizing 
acute and chronic skin wounds. If swallowed, it may cause allergic skin 
reactions and severe eye damage. It is very toxic to aquatic organisms and has 
long-lasting effects

Povidone-Iodine Antisepsis of intact and injured skin, delimitation of the operating field. It 
may cause nose and throat irritation, skin contact irritation with prolonged 
exposure, and severe eye irritation. It has no carcinogenic, teratogenic, or 
mutagenic effects and is readily biodegradable

Propane-1-Ol It is included in a mixture as an instrument disinfectant, this flammable liquid 
causes eye damage and may induce drowsiness or dizziness

Propan-2-OI In a mixture, it serves as a gel for hand and skin disinfection and for 
disinfecting surgical instruments, endoscopes, and laboratory and anesthesia 
accessories. It is a flammable liquid that irritates the eyes and may cause 
drowsiness or dizziness. It is readily biodegradable

Propyl Alcohol It is used in a mixture as a hand disinfectant. It is a flammable liquid, 
irritating to the eyes, and may cause drowsiness or dizziness. There is no 
evidence of mutagenicity, carcinogenicity, and reproductive toxicity, and it is 
biodegradable

Sodium Alkyl Ether Sulphate Disinfectant for surgical hand disinfection and hand hygiene inwards at risk 
of infection. In a mixture, it is a high-level disinfectant for medical devices, 
causing skin and severe eye irritation. It has chronic toxicity to aquatic 
organisms
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Active Principle Toxicity Characteristics

Sodium Dichloroisocyanurate Dihydrate It is used in a mixture as a disinfectant for medical and surgical devices. 
The tablet consists essentially of the substance and has all the hazard 
characteristics. It is harmful if swallowed, irritating by inhalation and 
in contact with the eyes, and highly toxic to aquatic organisms with the 
possibility of long-lasting effects

Sodium Hypochlorite It is used for the disinfection of medical devices, internal circuits of 
hemodialysis machines, fruit and vegetables, baby objects, and intact skin. 
Concentrated solutions may irritate the skin and eyes, with no expected 
bioaccumulation capacity

Sodium Tetraborate Decahydrate It is used in a mixture as a disinfectant solution for topical use, it causes severe 
eye irritation, posing no danger to humans or the environment

with the evidence reported in the literature; indeed, a 
2022 review identified during the COVID-19 pan-
demic that irritant effects on the respiratory system, 
the skin, and the eyes were the most common adverse 
reaction of antiseptics and disinfectants (19). A 2021 
study found that 70.9% of 175 nurses experienced 
hand dermatitis. The study revealed a significant in-
crease in handwashing, hand antiseptic use, and hand 
cream application during the COVID-19 pandemic 
compared to the pre-pandemic period (20). While 
several studies have addressed the issue, few have fo-
cused on identifying key events potentially associated 
with endocrine-disrupting effects and adverse out-
comes following exposure. This is consistent with our 
product analysis, which revealed a 52.8% lack of avail-
able information in this regard (21). A 2022 review by 
Sui et al. explored the potential endocrine-disrupting 
risks of disinfection by-products (DBPs). The authors 
highlighted that water contamination resulting from 
anthropogenic and industrial activities has led to the 
widespread use of disinfection methods. However, the 
release of chemical by-products has been associated 
with the emergence of various health conditions, in-
cluding infertility, asthma, stillbirths, and multiple 
forms of cancer. Although these concerns are well doc-
umented, our findings indicate that 77.8% of the prod-
ucts lack safety profile information regarding their 
toxicity. This absence of information is concerning, as 
it fails to ensure transparency and raises questions 
about the safety of the tools and substances in use (22). 
From an environmental perspective, the lack of infor-
mation on the potential impact of these chemical 
agents raises alarms, especially considering the urgency 

of addressing global environmental concerns. The 
omission of data regarding the impact on ecosystems 
and aquatic life signifies a gap in our understanding of 
the broader consequences of these products (23). A 
2017 study (24) described the screening of biocides, 
metals, and antibiotics in samples obtained from 11 
sewage treatment plants in Sweden, including incom-
ing sewage water, treated effluent, and digested sludge, 
collected over three different days. Thirty organic com-
pounds and ten metals were identified above their re-
spective detection limits. The particulate phases were 
predominantly composed of quaternary ammonium 
compounds, reaching levels of up to 370 μg/g, while 
benzotriazoles were the most prevalent in the aqueous 
phases, reaching concentrations of up to 24 μg/L. Ad-
ditionally, several compounds, such as chlorhexidine, 
hexadecylpyridinium chloride, and 10-benzalkonium 
chloride, were identified in this study, with limited or 
no previously reported data. Given the persistent water 
scarcity affecting numerous countries (25) there has 
been growing interest in evaluating the aquatic toxicity 
and ecological risk posed by wastewater-derived halo-
genated phenolic disinfection by-products (DBPs). 
Species-specific toxicity assessments suggested that 
toxicity testing in crustaceans and fish should be pri-
oritised over algae in future investigations (26). Wang 
et al. (2022) conducted a comprehensive analysis of 
these compounds, underscoring the significance of as-
sessing their ecological impact (26). Despite the rele-
vance of these findings, our data reveal that only 29.2% 
of the products examined provide explicit information 
confirming the absence of both acute and chronic 
aquatic toxicity. In contrast, 38.9% exhibit confirmed 
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toxic effects, while 31.9% lack any toxicological data. 
This considerable information gap highlights a press-
ing need for further research to ensure environmental 
safety and informed risk management. Our analysis 
revealed a 58.3% lack of available data concerning the 
bioaccumulation and persistence of toxic substances. 
This aligns with previous findings from a quantitative 
assessment of chlorhexidine accumulation in natural 
and riverine biofilms, which has expanded current un-
derstanding of the ecological consequences associated 
with the ubiquitous use of broad-spectrum  
antimicrobials—particularly those found in personal 
care products (27). In addition, a more recent review—
while addressing environmental contaminants more 
broadly rather than focusing specifically on disinfec-
tion by-products—also explored the risks related to 
bioaccumulation. It highlighted the critical role that 
biofilms may play in retaining contaminants and facili-
tating trophic transfer within aquatic food webs (28). 
The studies converge on the observation that the topic 
remains substantially underexplored, underscoring the 
need for further targeted research. The minimal 
amount of recyclable material and refillable containers 
is of particular concern. The 5Rs rule (reduce, reuse, 
recycle, rethink, and research) serves as a framework 
for medical waste management. Waste management 
can be enhanced by minimizing waste volume, en-
hancing waste segregation, reusing specific medical 
equipment, recycling, reconsidering outdated prac-
tices, investing time in research, and developing inno-
vative strategies to decrease the environmental’s 
ecological impact. Additionally, the incorporation of 
novel technology, renewable energies, and intelligent 
architectural design can contribute to the goal of waste 
reduction (29,30). It should be noted that healthcare 
providers share responsibility with manufacturers in 
addressing ecological product deficiencies. During 
procurement, they must balance infection control effi-
cacy with environmental impact. As gatekeepers, the 
green behavior of providers assumes the significant us-
age of the four eco-control mechanisms, i.e., belief, 
boundary, diagnostic, and interactive eco-control, (20) 
influencing decisions crucial to public health and sus-
tainability. Moreover, governmental institutions play a 
crucial role in reducing the environmental toxicity of 
chemical products through stakeholder collaboration, 

regulatory implementation, public involvement, and 
investment in research and development efforts. As 
Guo J et al. (32) indicate, effective monitoring systems 
are essential to evaluate environmental consequences 
and guide data-driven responses. Similar to Ecophar-
macovigilance (EPV), which prioritises early detection 
and prevention of environmental contamination 
through source control and behavioural guidance 
(33,34), analogous principles may be applied here. The 
COVID-19 pandemic significantly increased global 
chemical agents use (35,36), raising environmental 
concerns due to the disposal of chemical-laden waste 
and potential ecosystem risks (37,38). While these 
products were essential for infection control, especially 
in hospitals, widespread public use highlighted inade-
quate environmental awareness (32). Additionally, the 
pandemic disrupted progress toward greener health-
care practices, with urgent infection control needs 
overshadowing sustainability efforts (39,40), such as 
reducing single-use items. As healthcare systems 
evolve post-pandemic, maintaining effective infection 
control while reinstating and advancing environmen-
tally sustainable practices is vital for long-term eco-
logical and public health resilience. Additionally, 
concerns persist regarding disinfectants’ biomagnifica-
tion and sub-lethal effects on health and ecosystems. 
Limited data hinder risk assessment (1), stressing the 
need for research on antimicrobial co- and cross- 
resistance mechanisms (24). The limitations of this 
study include the absence of laboratory or environ-
mental data that could empirically demonstrate the 
environmental and human hazards of the products un-
der analysis. However, it is worth noting that the active 
ingredients analyzed have been extensively studied in 
scientific literature, and their potential toxic effects are 
well-known. Whilst the relatively small number of 
hospital facilities (4 of 7) that submitted their chemi-
cal agents formularies could be perceived as a limita-
tion and potentially unrepresentative of the wider 
region, it is not considered to introduce a substantial 
bias, considering that healthcare facilities within the 
same area are unlikely to use different products due to 
centralized procurement procedures. Certainly, the 
main strength of this study lies in the originality of the 
investigative model, as there is, to our knowledge, no 
similar research in the existing literature. Additionally, 
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oversee waste management, water resource optimisa-
tion, air quality monitoring, and the development of 
economically sustainable practices capable of generat-
ing medium- to long-term savings. In the context of 
advancing sustainable healthcare practices, the concept 
of “green hospitals” gains prominence. Moreover, the 
routine use of comprehensive technical data sheets 
should become standard practice to inform purchas-
ing decisions. Policymakers are urged to introduce 
more stringent regulatory requirements for labelling 
and environmental risk communication. Further-
more, the designation of specialised green procure-
ment officers within healthcare organisations would 
ensure that procurement strategies consider not only 
economic costs but also the environmental footprint 
of products. Stakeholders and policymaker should 
choice -eco-friendly chemical products, promotion of 
responsible use, development of usage protocols, staff 
training, monitoring and evaluation, research and de-
velopment, and collaboration with suppliers. In this 
context, the procurement of disinfectants and other 
chemical agents for public healthcare facilities by lo-
cal health authorities should assess the environmental 
impact throughout the process. By adopting green and 
eco-friendly practices, healthcare organizations can 
significantly contribute to limiting the environmental 
toxicity associated with the use of chemical products 
within their facilities. Moreover, the active involve-
ment of governmental institutions is imperative to ad-
dress the environmental challenges disinfectants and 
other chemical agents pose. Ultimately, the conver-
gence of sustainable procurement practices, informed 
policymaking, and environmental governance within 
healthcare settings will be pivotal to achieving the dual 
goals of promoting public health and safeguarding the 
environment for future generations.

Conflict of Interest: Each author declares that he or she has no 
commercial associations (e.g., consultancies, stock ownership, eq-
uity interests, patent/licensing, arrangement etc-) that might pose a 
conflict of interest in connection with the submitted article.

Authors Contribution: NA, SR, SA: Conceptualization; HRS, 
NA, DS: Data curation; HRS, NA, SR, DS, NP, AV: Formal 
analysis and Investigation; NA, SR: Methodology; HRS, NA, 
AV: Visualization; HRS, SR: Writing – original draft; all authors: 

the rigorous methodology employed to obtain our re-
sults highlights an issue with implications in the  
scientific and healthcare organizational domains. An-
other strength is that our results are applicable to fa-
cilities that address the health needs of approximately 
5 million people.

Conclusions

The integration of health, safety, and environ-
ment (HSE) is recognized as a pivotal element for the 
sustainable and high-quality development of human 
society. In safety and health, effective disinfection is 
indispensable, especially in hospitals and other densely 
populated public indoor spaces. The intricate conflicts 
arising among biosafety, human health, and the envi-
ronment present an unprecedented dilemma and great 
challenge that humanity must confront both presently 
and in the future. A critical gap remains in the cur-
rent body of knowledge concerning the impacts of 
disinfectants and other chemical agents on ecosystems 
and aquatic life, representing a significant limitation 
to our understanding of their broader consequences. 
According to Chen W et al. (42), the application of 
heat treatment, UV irradiation, and hydrogen perox-
ide vapour is advised to achieve effective disinfection 
while minimising adverse impacts on health, safety, 
and the environment. In response to this gap, the im-
plementation of robust regulatory frameworks is es-
sential. It is equally important to engage stakeholders 
and policymakers through targeted awareness initia-
tives to ensure that environmental considerations are 
fully integrated into infection control practices. The 
lack of detailed information on the environmental 
risks posed by these products is particularly concern-
ing within the current context of global environmental 
urgency and climate change mitigation. In essence, the 
sustainable and responsible use of chemical products 
for cleaning, antisepsis, disinfection and sterilization 
demands a holistic approach that encompasses hu-
man safety and environmental well-being. Healthcare 
institutions must also evolve by embedding sustain-
ability into their operational structures. The establish-
ment of dedicated “environmental greening teams” 
within hospital management is strongly advocated to 
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