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ABSTRACT

The aim of the study was to review the literature on the biomedical and environmental risks associated with the
use of wet wipes in the context of public health.

Methodology. This study included a bibliometric study to examine the global dynamics of research on wet wipes.
Relevant publications were retrieved from two major bibliographic databases: Scopus and the Science Citation Index
Expanded (SCI-Expanded) in the Web of Science (WoS). The study of bibliometric relationships was conducted using
VOSviewer (version 1.6.20). Along with the bibliometric analysis, a review of a wide range of publicly available online
sources covering relevant issues was conducted.

Scientific novelty. It is shown that the quality of wet wipes and their consumption by the population can
determine such indicators of population health as environmental, medical and sanitary, social and behavioral. The article
systematically presents information on various aspects of the issue of biomedical and environmental risks of both new
and used wet wipes, including their sanitary-hygienic, clinical-immunological and environmental characteristics, as well
as social aspects in the context of public health. The primary focus is on pathogenic indicator microorganisms as potential
threats to human health, as well as the environmental issues arising from pollution caused by this hygiene product.

Conclusions. Based on a bibliometric review of the literature and available studies, the human health and
environmental risks linked to wet wipe use were thoroughly analyzed. In general, the quality of wet wipes and their
consumption by the population can determine such public health indicators as environmental, medical and sanitary,
social and behavioural. Microbiological and environmental parameters that determine the safety of wet wipes for public
health have become the subject of comprehensive scientific analysis. The study emphasizes pathogenic indicator
microorganisms as potential health hazards and considers the environmental impact of pollution caused by this hygiene
product. However, socio-pedagogical approaches aimed at forming a responsible attitude towards the use and proper
disposal of wet wipes remain underdeveloped and not systematic. Future research should focus on:

= further exploring the microbial diversity of hygiene products, considering both harmful microorganisms and
potential biodegraders;

= search for eco- and bio-safe materials and solutions for wetting wet wipes;

= shaping the behaviour of responsible use and consumption of wet wipes.

Key words: environmental risks, microbiological characteristics, clinical-immunological risks, sanitary-hygienic
risks, public health, social aspects, wet wipes

AHOTANIA

MeTow0 AocaifKeHHs1 6ysi0 MpoaHasi3yBaTH JiTepaTypy LioJ0 OiOMeAMYHUX Ta €KOJIOTIYHHUX PHU3HKIB,
MOB’sI3aHUX 3 BUKOPUCTAHHSM BOJIOTUX CEPBETOK ¥ KOHTEKCTi I'POMa/ICbKOT0 3/10pOB’sl.

MeToaooris. le gociifxkeHHs BKJIOYaa0 6i6JioMeTpUdHe AOCTiP)KeHHs /1J1s1 BUBYEHHs IJ100a/bHOI JUHAMIKHU
JlOCJTi/PKEHb BOJIOTUX CePBETOK. BiamoBigHi my6Jtikanii 6ysiv oTpuMaHi 3 JBOX OCHOBHHUX 6i6JiorpadiuyHux 6a3 JaHUX:
Scopus Ta Science Citation Index Expanded (SCI-Expanded) y Web of Science (WoS). lociikeHHs1 6i6/1i0MeTpUYHUX
3B's3KiB OyJsio mpoBeneHO 3a gomomorow VOSviewer (Bepcig 1.6.20). Ilopsa 3 6i6yioMeTpUYHUM aHasi3oM 6YJ10
IPOBeJIeHO OIJIsA/ INUPOKOTO0 KO0JIa 3araJlbHOLOCTYTHUX OHJIAMH-/KepeJl, 1110 OXOIII0I0Th BiiMOBiHI MUTAHHS.
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HaykoBa HOBHM3Ha. [Ioka3aHo, 1110 SKiCTb BOJIOTUX CEPBETOK Ta iX CIIO’KMBAHHS HAaceJIEeHHSIM MOXKYTb BU3HAYaTH
Taki NMOKa3HUKU 3/J0pPOB'Sl HacesieHHs, SIK €KOJIOTiuHi, MeAuKo-caHiTapHi, coljiasibHi Ta moBeJiHKOBi. Y cTaTTi
CHUCTEeMaTH4YHO BUKJaZIeHO iHpopMallito 3 pi3HUX aceKTiB NUTaHHA 6ioMeUYHHUX Ta €KOJIOTIYHUX PU3UKIB K HOBHUX,
TaK 1 BXXMBaHUX BOJIOTUX CE€PBETOK, BKJIKYAKYU IX CaHITApPHO-TIri€HIYHI, KJIHIKO-IMyHOJIOTIYHI Ta €KOJOTri4YHi
XapaKTEPUCTHUKH, a TAKOXK COllia/IbHi aCTIEKTH B KOHTEKCTI 0XOPOHHU 3/10pOB'si HacesieHHs1. OCHOBHA yBara npu/ijisiEThCS
NaTOreHHUM I{HAMKAaTOPHHMM MiKpoopraHiaMaM sK MOTeHI[iHHUM 3arpo3aMm /[Jis 3J0pOB’s JIIOJUHHU, a TaKOXK
€KOJIOTIYHUM Ipo6JsieMaM, 1[0 BUHUKAITh BHAC/II0K 3a0py/IHEHHS, CIPUYUHEHOTO [IUM TirieHiYHUM 3aco6oM.

BucHoBkM. Ha ocHOBi 6i6jlioMeTpUYHOr0 OTJIAAY JiTepaTypyd Ta AOCTYIMHHUX JOCJiP)KeHb OYJI0O peTesibHO
poaHai30BaHO PU3UKH JJ151 3[[0POB'sl JIIOIUHU Ta HABKOJIMIIIHBOT'O CEPE/IOBUIIA, TTOB'A3aHi 3 BUKOPUCTAHHAM BOJIOTUX
CepBETOK. 3arajioM, fIKiCTb BOJIOTUX CEPBETOK Ta iX CIOKMBAaHHSA HaceJeHHAM MOXYTb BH3HAyaTU TaKi MOKa3HUKU
IrpOMa/ICbKOTO0 3/I0POB'sl, IK €KOJIOTiUHi, MeIMKO-CaHiTapHi, coliasibHi Ta noBe/liHKOBI. Mikpo6ioJioriyHi Ta ekosoriuHi
napamMeTpH, L0 BHU3HA4YalOTh Oe3MeKy BOJIOTUX CEpPBETOK [/ TPOMAJICbKOTO 3J0pOB's, CTald MpeaMeToOM
KOMILJIEKCHOT'O HAYKOBOT0 aHasli3y. Y 10C/iI>KEHHI HAaroJIOMY€EThCA HAa MATOTeHHUX IHAMKAaTOPHUX MiKpOOpraHi3aMax K
NOTEHI[iMHIA Hebe3mnewi /Jis 340pOB'S Ta PO3IJAAAETHCS BIJIUB 3a0pyZHEHHS HABKOJHUIIHBOTO Cepe/OBUIIA,
COPUYMHEHOTO UM TirieHiyHUM 3aco6oM. OZHAK colliaJibHO-NeJaroriydi mizxoau, cnpsiMoBaHi Ha ¢GopMyBaHHSA
Bi/ZIIOBIZJa/IbHOTO CTaBJIEHH J10 BUKOPUCTAHHS Ta HaJIEXKHO1 yTUJIi3alii BOJIOTHUX CEPBETOK, 3a/IMIIAIOThCH HELOCTATHBO
pPO3p0o6IEHUMH Ta HecUCcTeMaTH30BaHUMU. [loanbiri foc/iKeHHS MaloTh 6y TH 30cepeKeHi Ha:

* [I0/JAJIbIIIOMY BHBYE€HHI MiKpo6HOro pi3HOMaHITTS TirieHiYHUX 3aco6iB, BpPAXOBYHOYH SIK HIKiJJMUBI
MiKpoopraHi3amu, Tak i NoTeHIilHi 6ioaerpaaaTopu;

* [IOIIYKY €KOJIOTi4YHO- Ta 6i06e3MeyHUx MaTepiaiB i pillieHb AJ/18 3MOUYyBaHHS BOJIOTHUX CEPBETOK;

* popMyBaHHI MOBeIiHKHU Bi/[MOBiJaIbHOIO BUKOPHUCTAHHS Ta CIIOKUBAHHSI BOJIOTUX CEPBETOK.

Kio4yoBi c/ioBa: ekoJsioriuHi pu3uWKM, MiKpo6ioJioriyHi XapaKTepUCTUKH, KJIHIKO-iMyHOJIOTiUHI pPHU3UKH,
caHiTapHO-TirieHiYHi pU3UKH, TPOMaJICbKe 310POB’s, Collia/ibHi aceKTH, BOJIOTi cepBeTKH

increasing polyethylene terephthalate content,
and conversely, with an increase in cellulose

Modern global challenges in the field of fiber content, the level of degradation increased.
health care and sustainable development In general, the problem of environmental
require a comprehensive approach, which is pollution by hygiene products, in particular, wet
reflected in an important approach to ensuring  jpes, is acute (Environmental and economic
public health - the concept of “One World - One costs..., n.d.; Bondaroff & Cooke, 2020; Allison et
Health" (WHO, 2022) The baSiS OfthlS Concept al_’ 2023), notably because they serve as a
is the close interrelationship, interdependence, source of microplastics in the environment
and mutual influence of human, animal, and (O Briain et al, 2020). Solving this problem
environmental health (WHO, 2022). From this  should be considered using a biotechnological
perspective, the biological and ecological safety approach - bioremediation using destructor
of daily hygiene products is important for microorganisms as an environmentally friendly
preserving human health and the environment method (Lumio et al,, 2021; Cao et al.,, 2022).
(Khalid & Abdollahi, 2021; Lin, 2023). The growth and development of microorga-

In the last decade, people have increa- nisms on the surfaces of materials found in the
singly used wet wipes for medical purposesand  patural environment (soil, water) occurs in the
in everyday life (Ramya & Amutha, 2021).  form of a biofilm, and its microbial diversity
Cotton and viscose are used to produce wet  jffects the processes of biodegradation of these
wipes, as well as plastics such as polyester,  materials (Khalid & Elsherif, 2022; Khan et al,,
polyethylene, and polypropylene (Environ- 2023). In addition, the issue of antimicrobial
mental and economic costs.., n.d.). More properties of wet wipes is important, which
expensive wet wipes are made from spunlace  should be considered from the angle of
and airland, and cheaper wet wipes are made antibiotic resistance of microorganisms, since
from spunbond, himbond, and thermobond such a group can either be removed when using
(Kyrychenko et al., 2020). Nonwoven wet wipes  effective agents (Song et al, 2019; Angulo-
(bleached cellulose, unbleached cellulose, and Pineda et al, 2025), or spread when using
low-yield soluble cellulose) were shown to have ineffective agents (Cardiff University, 2008;
increased resistance to disintegration, but their Cheng et al, 2011). Consequently, this study
tensile strength and disintegration energy  aimed toreview the literature on the biomedical
remained unchanged (Harter et al,, 2022). Silar  apd environmental risks associated with the use
and Kececi (2021) reported that the degrada-  of wet wipes in the context of public health.
tion of wet wipes decreased in cases with
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The article is a literature review contai-
ning a systematic summary of information on
various aspects of the issue of bio- and ecosafety
of both new and used wet wipes, including their
antibacterial properties, microbiological and
environmental characteristics, as well as social
aspects in the context of public health.

Materials and methods

This study included a bibliometric study to
examine the global dynamics of research on wet
wipes. Relevant literature was collected from
two leading bibliographic databases, Scopus
and the Science Citation Index Expanded
(SCI-Expanded) within Web of Science (WoS).
Searches covered publications from 1970 to
2025. The search query included the keywords
«wet wipes», which ensured comprehensive
coverage of research in this area. The biblio-
metric analysis of relationships was performed
using VOSviewer (version 1.6.20) (VOSviewer,
n.d.). The following bibliometric indicators were
analysed in the final list of publications: types of

productive countries; international collabora-
tion; top productive institutions/organizations;
and preferred journals for publications. Along
with the bibliometric analysis, a review of a
wide range of publicly available online sources
covering the relevant issues was conducted. The
study used a number of methods, including
general scientific (theoretical analysis of
available information), analytical and genera-
lizing (for processing literary sources on the
researched issues), empirical (for collecting
factual data), and argumentative (for substan-
tiating the proposed positions).

Results and Discussion

A bibliometric review

Among the types of publications on wet
wipes, articles prevailed (83.6 %) (Fig.1).
A significantly lower proportion of documents
were Proceeding Papers (8.4 %), Editorial
Materials, and Review Articles (3.1 % each).
Other types of publications ranged from 0.6 %
(Early Access) and 0.4 % (Letter) to 0.2 %

documents; keywords in the documents; top (Correction, Meeting Abstract, News Item,
cited articles; authorship analysis; top Poetry) (Fig. 1).
450 ~
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Fig. 1. Types of publications regarding wet wipes

During the years 1978-1985, only
3 publications on wet wipes were published
(Fig. 2). From 1987 to 1994, the number of
publications increased slightly, and from 1996
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itincreased to 4-6 publications per year. From
2006 onwards, there has been a notable
increase in publications, with the highest count
observed in 2021 at 42 (Fig. 2).
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Fig. 2. Annual number of publications on wet wipes

Classification of the published articles by
research area reveals the predominance of the
following categories: Medical & Health Sciences
(191 articles), Environmental & Earth Sciences

(176 articles), Chemistry & Materials Sciences
(166 articles) (Fig. 3).

In addition, the distribution of articles by
these and other categories is presented in
Table 1.
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Fig. 3. Representation of key research areas in studies on wet wipes
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Table 1

Distribution of retrieved publications by category and subcategory

Categories Subcategories Nurpbe‘r of
publications
1 2 3
Environmental & Earth Environmental Sciences 93
Sciences Environmental Studies 2
Public Environmental Occupational Health 54
Green Sustainable Science Technology 5
Water Resources 11
Meteorology Atmospheric Sciences 3
Geosciences Multidisciplinary 3
Biodiversity Conservation 3
Ecology 1
Geography Physical 1
Total 176
Chemistry & Materials Chemistry Analytical 19
Sciences Chemistry Applied 9
Chemistry Multidisciplinary 19
Chemistry Medicinal 1
Chemistry Physical 18
Materials Science Multidisciplinary 33
Materials Science Textiles 19
Materials Science Coatings Films 6
Materials Science Composites 2
Materials Science Ceramics 1
Polymer Science 20
Spectroscopy 6
Electrochemistry 2
Nanoscience Nanotechnology 11
Total 166
Biological & Biology 4
Agricultural Sciences Biochemistry Molecular Biology 7
Microbiology 20
Biotechnology Applied Microbiology 19
Genetics Heredity 1
Plant Sciences 3
Agriculture Dairy Animal Science 5
Agronomy 5
Agriculture Multidisciplinary 3
Veterinary Sciences 7
Forestry 5
Zoology 2
Entomology 2
Food Science Technology 20
Marine Freshwater Biology 4
Total 107
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Continuation of Table 1

1

2

Medical & Health
Sciences

Medicine General Internal
Infectious Diseases
Tropical Medicine

Dermatology
Pediatrics
Surgery
Obstetrics Gynaecology
Radiology Nuclear Medicine Medical Imaging
Dentistry Oral Surgery Medicine
Nursing
Health Care Sciences Services
Health Policy Services
Immunology
Virology
Allergy
Toxicology
Pharmacology Pharmacy
Medicine Legal
Gastroenterology Hepatology
Ophthalmology
Total

—_ = N — 1 N
XN ZT RN RNANRERNNG gD S O|W

191

Engineering &
Technology

Engineering Environmental
Engineering Chemical
Engineering Electrical Electronic
Engineering Mechanical
Engineering Multidisciplinary
Engineering Civil
Engineering Biomedical
Engineering Aerospace
Engineering Manufacturing
Engineering Geological
Engineering Industrial
Construction Building Technology
Total

A= R o Ul o 00 o N

106

Physics & Astronomy

Physics Applied Physics
Condensed Matter
Physics Atomic Molecular Chemical
Physics Fluids Plasmas
Optics
Astronomy Astrophysics
Nuclear Science Technology
Mechanics
Total

Computer &
Information Sciences

Computer Science Artificial Intelligence
Computer Science Information Systems
Computer Science Software Engineering

Computer Science Theory Methods

Computer Science Interdisciplinary

Applications
Information Science Library Science
Instruments Instrumentation
Total

RN NENOR NS D

—_
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Continnation of Table 1

1 2 3

Social Sciences & Education Scientific Disciplines 1
Humanities History Philosophy of Science 1
Literary Reviews 1

Asian Studies 1

Agricultural Economics Policy 1

Ergonomics 1

Architecture 1

Total 7
Multidisciplinary & Multidisciplinary Sciences 10
Cross-Disciplinary Cell Tissue Engineering 3
Sciences Biochemical Research Methods 5
Imaging Science Photographic Technology 1
Total 19

Energy & Applied Energy Fuels 6
Sciences Metallurgy Metallurgical Engineering 6
Materials Science Paper Wood 10

Total 22

Authors from the USA and China have the Medical, environmental, and technical
largest number of publications (Fig. 4). journals are the most prominent among those

publishing articles on wet wipes. (Fig. 5).
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Fig. 4. Grouping of countries based on authorship
of wet wipes publications
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The variety of keywords related to wet
wipes is shown in Fig. 6. In particular, the
predominant keywords were: wet wipes,
methylisothiazolinone, plastic pollution, water,
degradation, allergic contact dermatitis. Until
2020-2021, research focused more intensively

[@b VOSviewer

on the safety of wet wipes for human health and
their composition, whereas from 2021 onward,
studies on environmental pollution and degra-
dation of wet wipes (including biodegradation)
have become increasingly prominent (Fig. 6).
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Fig. 6. Trends by year in the application
of keywords concerning wet wipes
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Antibacterial properties of wet wipes

Wet wipes are disposable daily products
for hygienic purposes, in particular, the removal
of pathogenic microorganisms from biotic and
abiotic surfaces. Among the publications
available to us, a number are devoted to
studying the sensitivity of model micro-
organisms to solutions used in wet wipes, i.e.
their antibacterial properties to improve the
storage conditions of this hygienic product
(Yayla et al, 2021; Salama et al, 2021).
Antibacterial properties of wet wipes are given
by preservatives that are added to the mixtures
to moisturize them (Siegert, 2011; Salama et al,,
2021). However, wet wipes used in medical
facilities are not always active in practice and
may be ineffective, which requires stricter
labelling control and appropriate efficacy tests
(Siani etal.,, 2011; Seenama et al., 2013). Among
the 19 tested antibacterial wipes available on
the Ukrainian market, 4 (21.0 %) did not have
sufficient antimicrobial activity. Given the
results obtained, it is better to use antimicrobial
wet wipes from well-known manufacturers,
purchased in pharmacy chains (Lekhniuk et al.,
2020).

The solutions used to wet the wipe
material contain a variety of compounds,
including, for example, methylisothiazolinone
(Tkachuk & Hrytsenko, 2025) - a pesticide
employed to control slime-forming bacteria,
fungi, and algae in pulp and paper mills, water-
cooling systems, oilfield operations, industrial
process water, and air purification systems, and
also used as a preservative in adhesives,
coatings, fuels, metalworking fluids, resin
emulsions, paints, and various other specialty
industrial products (United States.., 1998).
Methylchloroisothiazolinone and methyliso-
thiazolinone are preservatives, contact allergens,
strong sensitizers that can cause contact
dermatitis. It is proposed to limit their use in the
European Union (EU) for leave-on cosmetics
(including wet wipes). Nevertheless, in leave-on
cosmetic products, such as «<wet wipes», the safe
levels of methylisothiazolinone with respect to
contact allergy have not been adequately
determined. These compounds are recom-
mended for use only in rinse-off products
(Regulation (EC) No1223/2009.., 2009;
Castanedo-Tardana and Zug, 2013; Chang and
Nakrani, 2014; Scientific Committee on
Consumer Safety..., 2014).
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Also, the moisturizing solution for wet
wipes may contain compounds such as
benzalkonium chloride, benzyl alcohol, amyl
cinnamal, butylphenylmethylpropional (Lilial),
retinyl palmitate (vitamin A). Some features of
the sanitary and hygienic characteristics of
these compounds are as follows:

»Benzalkonium chloride. This substance is
reported to irritate the skin, eyes, and
respiratory passages. It is also toxic to aquatic
and soil organisms. It is a quaternary ammo-
nium salt, preservative, disinfectant, and
sanitizer (Lee & Park, 2019; Liao et al., 2023).

*Benzyl alcohol. It is a solvent and
preservative that can cause contact dermatitis,
and in infants at high doses can cause «gasping
syndrome». Although it is used in cosmetics in
small concentrations (McCloskey et al., 1986;
PubChem..., n.d.).

* Amyl cinnamal. [t is a perfume allergen, a
skin sensitizer (Australian Government...,
2016). Amyl cinnamal is included in the list of
26 EU fragrance allergens. The list above
comprises 26 allergens identified by the
European Commission as the most frequent
causes of fragrance-induced contact dermatitis
(Scientific Committee..., 2012). The use of this
compound is governed by Regulation (EC) No
1223/2009 on cosmetic products, particularly
Annex III (List of substances prohibited in
cosmetic products unless used within specified
limits), which requires manufacturers to declare
the ingredient on the packaging if its concent-
ration exceeds 0.001 % in leave-on products or
0.01 % in rinse-off products (Regulation (EC)
No 1223/2009..,, 2009). This list is intended to
allow consumers to identify possible fragrance
allergens from the labeling.

»Butylphenylmethylpropional (Lilial).
This compound is a perfume allergen, a possible
sensitizer, classified as reprotoxic (Repr. 1B) in
the EU (Scientific Committee..., 2012, 2019). It
is noted that in the EU, hygiene and cosmetic
products containing this compound are
prohibited from March 1, 2022 (Cosmetics
Care..., n.d.).

=Retinyl palmitate (vitamin A). This is an
antioxidant that is safe in small doses, but in
excess may exhibit teratogenic properties
(Ritchie, 1998).
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The role of triclosan-containing antibac-
terial cleaning and hygiene products in
promoting antibiotic resistance, a growing
public health issue, As highlighted by Aiello and
Larson (2003), a limited understanding by
manufacturers of the complex chemical
composition of biocides and their effects on
antimicrobial efficacy combined with
improper use, incorrect dilution, or insufficient
contact time - can result in microbial tolerance
or resistance and may even contribute to the
development of resistance, including antibiotic
resistance (Maillard & Pascoe, 2024).

Wet wipes are toxic according to
biotesting results with the plant Lepidium
sativum (Tkachuk & Zelena, 2023a; Tkachuk &
Hrytsenko, 2025) and a small planktonic
crustacean Daphnia magna (Erdogan, 2025).

Formulations based on plant extracts with
antimicrobial activity are being developed to
reduce the toxicity of wetting mixtures
(Ferreiraetal., 2022; Stefi etal., 2022; Subashini
etal,, 2024). A biocontrol strategy has also been
proposed for disinfecting hard surfaces in
hospitals using microbial-based wipes, by
producing dry wipes containing adequate
amounts of beneficial bacteria or spores (Dural-
Erem et al., 2017). Once hydrated, these wipes
can discharge beneficial bacteria that inhibit
pathogens by establishing and proliferating on
the surfaces (Dural-Erem et al., 2017).

Thus, the antimicrobial properties of wet
wipes for medical and household use are
actively being studied, but they do not always
meet sanitary and hygienic requirements, which
is dangerous from a public health perspective in
the form of a risk of the appearance of
pathogens and the possible development of
infections. The proposed formulations of
mixtures for wetting wet wipes based on plant
extracts and beneficial bacteria can solve the
issue of eco- and biosafety of these hygiene
products.

Bacterial contamination of new wet
wipes

The issue of bacterial contamination of
wet wipes is also important for monitoring
compliance with hygiene rules (Chong, 2016). In
particular, the method of bacterial culture
established bacterial contamination in 9 types
of disposable wet wipes provided by restau-
rants, and its absence in the remaining 23 types
(71.9 %) (Chong, 2016). Disposable wet wipes
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were found to contain Staphylococcus haemo-
Iyticus, S. hominis, S. warneri, and Pseudomonas
fluorescens, while methicillin-resistant coagulase-
negative staphylococci and multidrug-resistant
bacteria were absent (Chong, 2016).

Kang et al. (2023) isolated Pseudomonas
aeruginosa from 238 new wet wipes tested in
two variants (0.8 %), with an average count of
9.9 x 10% CFU per towel; Escherichia coli and
Staphylococcus aureus were not detected in any
sample. Although the P. aeruginosa isolates did
not exhibit antibiotic resistance, they carried
the toxA gene and could potentially infect
immunocompromised individuals, leading to
pathogenic effects. P. aeruginosa, a Gram-nega-
tive bacterium commonly found in soil and
water and part of the normal skin microbiota,
can cause a wide range of infections, including
skin diseases, keratitis, and peritonitis, parti-
cularly in people with weakened immune
systems. Contamination of wet wipes may occur
due to inadequate personal hygiene during
packaging (Kang et al., 2023).

A large outbreak of P. aeruginosa ST3875
in Norway (October 2021 -]June 2022) was
linked to contaminated disposable wipes, affec-
ting nearly 400 patients across 40 hospitals. The
median patient age was 70 years, predo-
minantly in intensive care units or other
vulnerable populations. Clinically severe
infection occurred in 25 % of cases, and
P. aeruginosa infection was considered a
contributing factor in several deaths. Similar
products were available in healthcare and care
settings in Scotland, and investigations are
ongoing into their potential link to cases and
outbreaks. These findings underscore the
importance of raising awareness among
healthcare professionals and ensuring the
withdrawal of affected products, especially in
healthcare environments (NSS Health..., 2023).

Moreover, Nkemngong et al. (2020)
demonstrated that although wipes containing
hydrogen peroxide and quaternary ammonium
disinfectants exhibited some sporicidal activity,
they still retained Clostridioides difficile spores
(the causative agent of often fatal infections)
during and after wiping. This enabled the
transfer of C. difficile spores from contaminated
to previously uncontaminated surfaces.

Information regarding the microbial
composition of new wet wipe surfaces is
presented in Table 2.
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Table 2

Bacterial diversity of the surface of new wet wipes

A species of bacteria Risk group* Reference
Staphylococcus haemolyticus 2 (Chong, 2016)
Staphylococcus hominis 2 (Chong, 2016)
Staphylococcus warneri 2 (Chong, 2016)
(Chong, 2016; Kang et al., 2023;
1
Pseudomonas fluorescens NSS Health..., 2023)

Note: * According TRBA 466... (2015)

Thus, new wet wipes may be contami-
nated with infectious agents, requiring stricter
microbiological control of these products and,

possibly, their labelling for pathogen-free
testing.

Bacterial contamination of used wet
wipes

Currently, information on the microbial
diversity of discarded wet wipe surfaces is
limited. This topic has only recently gained
research attention, particularly due to the
increasing human health risks associated with
the persistence of pathogens such as Esche-
richia coli on wet wipe surfaces (Metcalf et al.,

2024). Faecal indicator organisms, including E.
coli and Vibrio species, were more frequently
detected on wet wipes littering the beaches of
the Fourth Estuary than on seaweed (Metcalf et
al., 2022). Additionally, four potentially patho-
genic Vibrio species (V. alginolyticus, V. para-
haemolyticus, V. cholerae, and V. vulnificus) were
identified on wet wipes, and some isolated
bacteria exhibited resistance to multiple
antibiotics (Metcalf et al., 2022). Consequently,
the accumulation of used wet wipes as litter
represents a potential threat to human health.

Table 3 presents the microbial diversity
found on the surface of used wet wipes.

Table 3

Bacterial diversity of the surface of used wet wipes

A species of bacteria Risk group* Reference
Escherichia coli 2 (Metcalf et al., 2022; Metcalf et al., 2024)
Vibrio alginolyticus 2 (Metcalf et al., 2022)
Vibrio parahaemolyticus 2 (Metcalf et al., 2022)
Vibrio cholerae 2 (Metcalf et al., 2022)
Vibrio vulnificus 2 (Metcalf et al., 2022)

Note: * According TRBA 466... (2015)

Effect of wet wipes microbiome on
natural microbial communities

Microorganisms that constitute the
microbiome of hygiene product surfaces, in
addition to being potential pathogens, can also
influence the functioning of natural environ-
mental microbial communities. For example,
exogenous Escherichia coli has been shown to
impact benthic archaeal and bacterial commu-
nities, altering symbiotic interactions, including
mutual regulation and the integration of
multiple environmental functions, as well as
affecting elemental cycling (Gu et al,, 2021). It
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was observed that exposure to E. coli induced
feedback responses in benthic prokaryotic
communities, influencing both microbial com-
munity structure and geochemical functions.
Representatives of the genus Pseudo-
monas, which produce secondary metabolites,
affect competition sensing, antagonistic
interactions, and modified secondary metabo-
lites production (Hansen, 2021). The ability of
Pseudomonas fluorescens to mobilize inorganic
phosphate in soils is known (Browne et al,
2009) as well as ability to remove total oil
hydrocarbons of a soil (Gutiérrez et al., 2020). In
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general, P.fluorescens is characterized by
significant bioremediation potential (Alsukaibi
etal, 2023).

Staphylococcus aureus is able to meta-
bolize phosphorus compounds (Kelliher et al,,
2020) and to form biofilms (Hu et al., 2023;
Liang et al,, 2023).

E. coli, S. aureus, Pseudomonas spp. Parti-
cipate in the Sulphur cycle and biotrans-
formation of metals (Plante, 2007). It should be
noted that the ecological and physiological
group of anaerobic sulphate-reducing bacteria
(SRB) is also involved in the sulphur cycle in
soils and aquatic environments (Plante, 2007).
However, at the moment, there are no reports of
the detection of representatives of this group of
prokaryotes on the surface of wet wipes that
have become garbage. Since SRB are active
biodegraders found in the biofilm on the
surfaces of materials known to be involved in
the biodegradation processes of plastics
(Cacciari et al.,, 1993; McCormick et al.,, 2014;
Pinnell and Turner, 2019; Abdulina et al., 2021;
Tang et al., 2022; Tkachuk and Zelena, 2023b),
their presence and diversity on the surface of
hygiene products that have become waste

should be investigated for possible use in
biotechnological processes of disposal of these
pollutants.

Therefore, the identified microorganisms
on wet wipes are involved in the cycling of
carbon, nitrogen, phosphorus, and sulfur;
however, most belong to risk group 2 and
cannot be considered suitable for bioreme-
diation.

Environmental aspects associated with
wet wipes

A range of environmental problems
associated with wet wipe production and usage
is shown in Fig. 7.

Therefore, the main environmental issues
associated with wet wipes are (O Briain et al,,
2020; Tkachuk et al., 2024; Shruti et al., 2021;
Zhang et al., 2022):

senvironmental accumulation of wet
wipes, leading to water and soil contamination;

»enhanced greenhouse gas emissions;

nelevated levels of microplastics in the
environment;

soperational problems
systems.

in wastewater

Environmental consequences

environment

of using wet wipes

* Accumulation in the environment
*Increase in greenhouse gas emissions

*Pollution of water, soil and
groundwater
*Increase of microplastics in the

Fig. 7. Ecological problems linked to the use of wet wipes
(Tkachuk and Zelena, 2023b)

Addressing the environmental issues
related to wet wipes requires the use of eco-
friendly, biodegradable materials and non-toxic
wetting solutions, which necessitates inno-
vative  production technologies. Equally
important is fostering consumer awareness
regarding proper disposal of wet wipes
(Tkachuk et al., 2024; The Rivers Trusts, n.d.).

Social aspects of the use of wet wipes in
a public health context

Today, the wet wipes market is significant,
with global baby wipe sales rising from USD 4.1
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billion in 2018 to USD 16.83 billion in 2020 and
projected to reach USD 17.98 billion by 2026 at
a CAGR of 6.3% (2021-2026) (Ramya et al,,
2021). This growth underscores the increasing
environmental and health impacts of these
products, emphasizing the need for responsible
use. The above-mentioned problems with wet
wipes can be solved by joint efforts of
politicians, manufacturers and retailers, water
supply companies and the general public.
Education and public involvement are key to
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solving the problem of wet wipes (Zhang et al,,
2021; The Rivers Trusts, n.d.).

Young people have significant potential to
act as catalysts for change and to raise
awareness of environmental issues (Torres et
al, 2019). Promoting environmental care and
respect is further supported through preventive
environmental education programs, which
shape individual behavior and enhance people’s
capacity and motivation to adopt environ-
mentally responsible practices (Torres et al.,
2019). Currently, approximately 25% of
students in grades 8-9 at Chernihiv Gymnasium
No. 32 (Ukraine) reported having thrown wet
wipes into the wrong trash bin, highlighting a
lack of awareness regarding recycling and the
resulting pollution of the city’s green areas with
this hygiene product (Tkachuk & Zahryva,
2025). Mitigating the environmental impact of
wet wipes requires a systemic approach
encompassing production, consumption, and
disposal processes. Consumer behavior, influ-
enced by 12 factors, plays a key role in
determining the waste flow of wet wipes. These
factors are grouped into three -categories:
«consumption habits», «cost», and «incentives».
Among them, «time consumption» was iden-
tified as the most significant, suggesting that
convenient solid waste management infra-

structure is an effective measure to reduce
environmental leakage. Researchers also
emphasize that raising awareness about the
plastic content of wet wipes - such as by
including this information on packaging - is a
practical strategy (Zhang et al., 2022).

Advocacy and educational activities aimed
at raising awareness about the issue of wet
wipes are carried out by The Rivers Trusts (The
Rivers Trusts, n.d.). The Plastic Free Mersey
project, managed by the Mersey Rivers Trust
and Thames21, employs brand survey data to
impact the plastics and recycling industry (The
Rivers Trusts, n.d.).

A major gap in environmental education
regarding critical aspects of daily human
behavior drives the negative influence of
numerous actions on sustainable development
(Alonso-Sainz, 2021). Achieving the Sustainable
Development Goals is closely related to the
issues of biological and environmental safety of
wet wipes (Fig. 8), in particular, with Goal 3 -
Good health and well-being (Tkachuk and
Zahryva, 2025), which includes, among other
things, ending epidemics of major infectious
diseases and reducing risk factors associated
with environmental pollution (Eurostat, n.d.).

Goal 13

Fig. 8. Sustainable Development Goals addressing environmental issues
associated with wet wipes
(Tkachuk & Zahryva, 2025) (Figure adapted by us)

A generalized analysis of the effects of
wet wipes on selected ecological and public
health indicators

In general, the importance of knowledge
about the number and diversity of bacteria on
hygiene products waste in both terrestrial and
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marine environments is as follows (Rakhma-
wati et al., 2024):

*has significant potential for
understanding and solving current
environmental and public health problems;
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scan help assess their environmental
impact and potential impact on ecosystems;

scan encourage responsible disposal
practices;

=can promote the use of environmentally
friendly materials to minimize the impact on the
environment;

scan offer valuable information about
their degradation processes in the modern
ecological context.

Therefore, wet wipes are a product that
can affect the following public health indicators:

1) environmental - safety of consumer
products, environmental risks to health,
environmental quality, which is associated with
the content of compounds in their wetting
solutions that can cause allergies, are toxic, as
well as the fact that they are a source of
microplastics;

2) medical and sanitary - the level of
morbidity, which is associated with the facts of
non-compliance of a number of wet wipes with
sanitary and hygienic standards their
ineffective  antibacterial = properties, the
presence of pathogens and antibiotic-resistant
strains;

3) social and behavioural - consumer
behaviour of the population, which is associated
with the formation of a conscious attitude
towards the use and disposal of used wet wipes,
appreciating the importance of increasing their
biological and environmental safety.

®inancysauns / Funding

Conclusions

Based on a bibliometric review of the
literature and available studies, the human
health and environmental risks linked to wet
wipe use were thoroughly analyzed. In general,
the quality of wet wipes and their consumption
by the population can determine such public
health indicators as environmental, medical and
sanitary, social and behavioural. Microbio-
logical and environmental parameters that
determine the safety of wet wipes for public
health have become the subject of compre-
hensive scientific analysis. The study empha-
sizes pathogenic indicator microorganisms as
potential health hazards and considers the
environmental impact of pollution caused by
this hygiene product. However, socio-
pedagogical approaches aimed at forming a
responsible attitude towards the use and proper
disposal of wet wipes remain underdeveloped
and not systematic. Future research should
focus on:

=further exploring the microbial diversity
of hygiene products, considering both harmful
microorganisms and potential biodegraders;

ssearch for eco- and bio-safe materials
and solutions for wetting wet wipes;

»shaping the behaviour of responsible use
and consumption of wet wipes.
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