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STATE OF THE ART AND RESEARCH GAPS IN THE MANAGEMENT OF 
CONTAMINATED PERSONAL PROTECTIVE EQUIPMENT IN THE HYDROCARBON SECTOR: 

A SCOPING REVIEW 
ESTADO DEL ARTE Y BRECHAS DE INVESTIGACIÓN EN LA GESTIÓN DEL 

EQUIPO DE PROTECCIÓN PERSONAL CONTAMINADO EN EL SECTOR HIDROCARBUROS: 
UNA REVISIÓN DE ALCANCE  

ABSTRACT 

Personal protective equipment (PPE) used in hydrocarbon industry operations can become contaminated with hydrocarbons, solvents, and 
other hazardous compounds. However, scientific evidence regarding its post-use management remains fragmented across different disciplines, 
limiting the development of comprehensive approaches to management, traceability, and recovery. A scoping review was conducted in 
accordance with the guidelines of the Joanna Briggs Institute and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
Extension for Scoping Reviews. The search was conducted in Scopus, Web of Science, and SciSpace using criteria organized into broad 
categories related to context, management, analytical dimensions, and type of evidence. Subsequently, an interpretive classification of the 
corpus was applied using the core–periphery model of knowledge. Thirty-nine full-text articles were evaluated, of which five studies met the 
eligibility criteria for the qualitative synthesis. The findings revealed a high degree of thematic and disciplinary fragmentation. Research focused 
on healthcare waste, general industrial waste management, and preventive occupational safety predominates, while specific studies on chemical 
contamination and the operational performance of PPE in the hydrocarbons sector are limited. The core–periphery analysis identified a small 
core of technical evidence focused on decontamination processes and physicochemical interactions, surrounded by a broad and dispersed 
periphery. A structural gap in the literature was identified regarding the comprehensive management of contaminated PPE in the hydrocarbons 
sector. The results highlighted the need to develop technical-regulatory frameworks and comprehensive strategies that incorporate chemical 
risk, traceability, and the circular economy. 

Keywords: personal protective equipment, contaminated PPE, hydrocarbon sector, hazardous waste management, scoping review 

RESUMEN 

El equipo de protección personal (EPP) utilizado en operaciones del sector hidrocarburos puede contaminarse con hidrocarburos, solventes y 
otros compuestos peligrosos. Sin embargo, la evidencia científica sobre su gestión postuso permanece fragmentada entre distintas disciplinas, 
limitando el desarrollo de enfoques integrales de manejo, trazabilidad y valorización. Se realizó una revisión de alcance conforme a los 
lineamientos de Joanna Briggs Institute y Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews. 
La búsqueda se efectuó en Scopus, Web of Science y SciSpace mediante criterios organizados en macrocategorías relacionadas con contexto, 
gestión, dimensiones analíticas y tipo de evidencia. Posteriormente, se aplicó una clasificación interpretativa del corpus mediante el modelo 
núcleo–periferia del conocimiento. Se evaluaron 39 textos completos, de los cuales cinco estudios cumplieron los criterios de elegibilidad para 
la síntesis cualitativa. Los hallazgos evidenciaron una alta fragmentación temática y disciplinaria. Predominan investigaciones orientadas a 
residuos sanitarios, gestión general de residuos industriales y seguridad ocupacional preventiva, mientras que los estudios específicos sobre 
contaminación química y comportamiento operativo del EPP en el sector hidrocarburos son limitados. El análisis núcleo–periferia identificó un 
núcleo reducido de evidencia técnica centrada en procesos de descontaminación e interacciones fisicoquímicas, rodeado por una periferia 
amplia y dispersa. Se identificó una brecha estructural en la literatura respecto al manejo integral del EPP contaminado en el sector 
hidrocarburos. Los resultados evidenciaron la necesidad de desarrollar marcos técnico-normativos y estrategias integrales que incorporen 
riesgo químico, trazabilidad y economía circular. 

Palabras clave: equipo de protección personal, EPP contaminado, sector hidrocarburos, gestión de residuos peligrosos, economía circular, 
scoping review 
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1. INTRODUCTION 

Personal protective equipment (PPE) is an essential element in the prevention of occupational hazards in high-risk 
sectors, such as the hydrocarbon sector, where workers are exposed to highly complex chemical, physical, and 
biological agents. However, beyond its protective function during use, PPE can become a reservoir of hazardous 
contaminants, retaining compounds such as polycyclic aromatic hydrocarbons (PAHs), volatile organic compounds 
(VOCs), and other persistent contaminants. These may subsequently be released into the environment or to the 
user, generating secondary exposure and cumulative risks to occupational health (Hossain et al., 2023; Wilkinson 
et al., 2023; Girase et al., 2023a; Everaert et al., 2023). In this regard, several studies have demonstrated the 
persistence of contaminants in textile materials and the limited effectiveness of conventional cleaning processes, 
which increases the likelihood of prolonged exposure even after PPE maintenance (Hossain et al., 2023; Girase et 
al., 2023b). 

In parallel, the global increase in PPE use has intensified the environmental impacts associated with its final 
disposal, including the generation of microplastics, polluting emissions, and the accumulation of hazardous waste 
in inadequate management systems (Uddin et al., 2022; Vieiras Cubas et al., 2023; El-Ramady et al., 2021; Eze et 
al., 2022). In this context, the literature has documented a significant increase in the generation of PPE waste, 
particularly during the COVID-19 pandemic. This has revealed structural limitations in waste management systems 
worldwide (Andeobu et al., 2022; Teymourian et al., 2021). Likewise, various technologies have been explored for 
the treatment and recovery of this waste, such as pyrolysis, wet oxidation, and other thermochemical processes, 
with the aim of reducing its environmental impact and promoting circular economy schemes (Javid et al., 2023; 
Debnath et al., 2022; Sharma et al., 2024). 

Despite these advances, the scientific literature has shown significant fragmentation in addressing the 
problem. On the one hand, there are studies focused on the characterization of contaminants and the occupational 
exposure associated with PPE (Hossain et al., 2023; Girase et al., 2023a; Chakr & Sav, 2024). In contrast, research 
has been developed on hazardous waste treatment and management technologies (Javid et al., 2023; Sharma et 
al., 2024; Andeobu et al., 2022). Additionally, literature is available on the assessment of environmental impacts 
and PPE sustainability (Uddin et al., 2022; Vieiras Cubas et al., 2023; Lyu et al., 2024). However, these approaches 
are developed in isolation and fail to integrate into a systemic framework that articulates the technical management 
of contaminated PPE, traceability throughout its life cycle, chemical risk assessment, regulatory compliance, and 
the incorporation of circular economy principles. 

This gap is particularly evident in the hydrocarbon sector where, despite the existence of studies on 
contaminants and risks associated with operations—such as technologically enhanced naturally occurring 
radioactive materials (TENORM) and other hazardous compounds (Ali et al., 2019; Desouky & Morsi, 2018)—
research on the maintenance and use of PPE under operational conditions (Crown et al., 2004) does not identify 
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specific comprehensive models for the management of contaminated PPE. Likewise, recent studies on 
environmental management and safety in industrial settings have addressed aspects such as digitalization, 
monitoring, and risk management (Hayward et al., 2022; Lemos et al., 2022), without explicitly integrating the issue 
of contaminated PPE within these systems. 

In this context, the present study aimed to map the state of the art of the scientific evidence and existing 
models related to the management of contaminated PPE through a scoping review. This was done in order to 
identify trends, knowledge gaps, and opportunities for integration concerning traceability, chemical risk, the 
regulatory framework, and the circular economy, with an emphasis on their application in hydrocarbon sector 
operations. 

The relevance of this study lay in the need to move toward comprehensive approaches that overcome the 
fragmentation of current scientific knowledge. The absence of articulated models limits the capacity of organizations 
to adequately manage contaminated PPE, increasing the risks of secondary exposure, environmental impacts, and 
potential regulatory non-compliance. Likewise, the transition toward circular economy schemes in hazardous waste 
management requires a scientific basis that integrates technical, operational, and regulatory dimensions, which has 
not yet been sufficiently developed in the existing literature. 

The results of this research are useful for various stakeholders, including the oil and hydrocarbon industry, 
responsible for implementing environmental management and industrial safety systems; regulatory authorities, in 
charge of designing and updating regulatory frameworks; researchers, focused on developing technological 
solutions and comprehensive models; and consulting firms specialized in safety, health, and the environment, which 
require tools for evidence-based decision-making. Likewise, it contributes to strengthening strategies oriented 
toward sustainability, environmental protection, and occupational health in high-risk contexts. 

2. RESEARCH METHOD 
2.1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping 

Reviews methodology  

The present study was conducted as a scoping review, aimed at mapping the available scientific evidence 
on the management of contaminated PPE in hydrocarbon sector operations. This constitutes a secondary research 
methodological approach aimed at mapping the state of available knowledge, identifying research gaps, and 
characterizing the extent, nature, and distribution of scientific evidence in emerging or conceptually dispersed fields 
(Peters et al., 2015; Peters et al., 2020). Unlike systematic reviews focused on assessing effectiveness, scoping 
reviews prioritize the broad exploration of the documentary corpus through transparent and reproducible 
procedures for the search, selection, and synthesis of literature (Tricco et al., 2018). 
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The methodology used in this study was based on the Joanna Briggs Institute (JBI) guidelines for scoping 
reviews (Peters et al., 2015; Peters et al., 2020), considered the current standard for this type of study. The reporting 
process and methodological transparency followed the recommendations of the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses Extension for Scoping Reviews (PRISMA-ScR) statement (Tricco et al., 
2018). 

The research question was formulated considering the structural elements recommended by the JBI for 
scoping reviews. The unit of analysis (P) corresponds to contaminated PPE used in hydrocarbon sector operations. 
The concept (C) integrated the technical management of post-use PPE, including traceability, chemical risk, 
regulatory compliance, and the circular economy. Finally, the context (C) was delimited to the industrial operations 
of the petroleum and petrochemical sector (upstream, midstream, and downstream). This structure is consistent 
with the defined eligibility criteria. The review was guided by the following research question: What is the state of 
the art of the scientific evidence and the comprehensive models for the management of contaminated personal 
protective equipment (PPE) in petroleum operations, including dimensions of traceability, chemical risk, regulatory 
framework, and circular economy approaches? 

The purpose was to identify how the management of contaminated PPE has been addressed in the 
scientific literature, as well as the main gaps in the integration of technical, environmental, and regulatory dimensions 
related to its management. This scoping review was not registered on a public platform. An internal protocol was 
prepared a priori by the research team and is available upon request from the authors. The methodological decisions 
adopted during execution did not deviate from the original protocol. 

The search strategy was designed to identify relevant scientific literature related to the contamination, 
handling, and management of PPE in industrial contexts of the hydrocarbon sector. Two indexed databases 
(Scopus and Web of Science) and a complementary semantic retrieval tool (SciSpace) were consulted:  



 
 
Sociedad de Investigación sobre Estudios Digitales S.C. | ISSN: 2683-328X 
 
 
 

 

Valdez-Contreras A. G., Sosa-Olivier J. A., López-Ramos A., & Laines-Canepa J. R. (2026). State of the art and research gaps 
in the management of contaminated personal protective equipment in the hydrocarbon sector: a scoping review. 
Transdigital, 7(14), e630. https://doi.org/10.56162/transdigital630 

5 

• Scopus (Elsevier): international multidisciplinary coverage; search conducted on 
January 16, 2026, with a publication-year restriction to the 2015–2025 period. 

• Web of Science (Clarivate): coverage of high-impact journals; search conducted on 
January 16, 2026, with a publication-year restriction to the 2015–2025 period. 

• SciSpace: a semantic search platform queried using natural language to capture 
technical literature not retrieved through Boolean searching; search conducted on 
January 16, 2026. 

The inclusion of SciSpace is due to its semantic retrieval capacity in areas of emerging technical literature, 
complementing the Boolean searches in conventional databases. Grey literature was not systematically consulted, 
which is declared as a limitation in Section 4.6. The results retrieved through SciSpace were subjected to the same 
eligibility, screening, and evaluation process applied to the traditional indexed databases. 

The search strategy was constructed using combinations of controlled terms and keywords related to: 

• PPE. 
• Contamination. 
• Hazardous waste. 
• Petroleum operations. 
• Circular economy. 
• Traceability. 
• Industrial waste management. 

The general search equation used in the databases was as follows: 

2.1.1. Scopus: General equation 

TITLE-ABS-KEY ( ("personal protective equipment" OR PPE OR 
"protective clothing" OR respirator* OR glove* OR coverall* OR 
"equipo de protección personal" OR EPP) 
AND 
(contaminat* OR "contaminated PPE" OR "used PPE" OR "PPE waste" OR 
"secondary contamination" OR cross-contaminat* OR doffing OR 
contaminad* OR "residuos de EPP" OR "contaminación secundaria") 
AND 
("oil and gas" OR petroleum OR petrochemical* OR refinery OR drilling 
OR offshore OR upstream OR midstream OR downstream OR "industria 
petrolera" OR "petróleo y gas") 
AND 
(manag* OR "waste management" OR "hazardous waste" OR decontamin* OR 
disposal OR incinerat* OR laundering OR steriliz* OR "gestión" OR 
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"gestión de residuos" OR "residuos peligrosos" OR descontamin* OR 
"disposición final") 
) 
AND NOT TITLE-ABS-KEY ( covid* OR coronavirus* OR pandemic* OR 
hospital* OR surgical OR healthcare OR dental ) 

 
2.1.2. Web of Science: General equation  

TS=( 
("personal protective equipment" OR PPE OR "protective clothing" OR 
respirator* OR glove* OR coverall* OR "equipo de protección personal" 
OR EPP) 
AND 
(contaminat* OR "contaminated PPE" OR "used PPE" OR "PPE waste" OR 
"secondary contamination" OR cross-contaminat* OR doffing OR 
contaminad* OR "residuos de EPP" OR "contaminación secundaria") 
AND 
("oil and gas" OR petroleum OR petrochemical* OR refinery OR drilling 
OR offshore OR upstream OR midstream OR downstream OR "industria 
petrolera" OR "petróleo y gas") 
AND 
(manag* OR "waste management" OR "hazardous waste" OR decontamin* OR 
disposal OR incinerat* OR laundering OR steriliz* OR gestión OR 
"gestión de residuos" OR "residuos peligrosos" OR descontamin* OR 
"disposición final") 
) 
NOT TS=(covid* OR coronavirus* OR pandemic* OR hospital* OR surgical 
OR healthcare OR dental) 

 
2.1.3. Semantic search: SciSpace 

State of the Art in Scientific Evidence and Comprehensive Models for 
Handling Contaminated PPE in Oil Operations: Secondary Contamination, 
Occupational Health, Environmental Implications, and Circular Economy 
Integration. 

 
2.1.4. Inclusion and exclusion criteria 

In order to ensure methodological consistency and the relevance of the selected studies, inclusion and 
exclusion criteria were defined, structured into analytical macro-categories. These criteria made it possible to 
systematically assess the correspondence of each document with the object of study, considering aspects such 
as the industrial context of the hydrocarbon sector, the presence of contaminated PPE, the scope of the 
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management process, and the integration of complementary analytical dimensions, such as chemical risk, the 
circular economy, and the applicable regulatory framework.  

Likewise, exclusion criteria were established to discard studies with tangential approaches, non-
comparable contexts, or evidence without sufficient methodological support, in order to ensure the quality and 
consistency of the final analyzed corpus. The process of selecting evidence sources was carried out in two phases 
and through double screening. In the first phase, the lead author performed the initial screening of titles and 
abstracts of the 118 non-duplicate records, applying the defined eligibility criteria. Subsequently, the second author, 
with experience in systematic reviews and scientific information management, performed a second screening of the 
same records to independently verify the appropriateness of the inclusion and exclusion decisions. 

In the second phase, the lead author evaluated the 39 full-text articles retrieved using an eligibility form 
based on the established macro-categories. Likewise, the second author conducted a second eligibility assessment 
of the retrieved full texts, in order to confirm consistency in the application of the criteria in accordance with the 
PRISMA-ScR guidelines. Discrepancies or doubts in the classification were resolved through consultation and 
consensus between the lead author and the second author. 

Finally, the third author, with technical and applied experience in environmental management, hazardous 
waste handling, and the circular economy, participated in the content analysis and technical interpretation phase 
of the final corpus included in the synthesis. 

Table 1  
Criterios de inclusión y exclusión 

Criterion Inclusion (I) Exclusion (E) 
Context and object of study 

Industrial context Oil & gas (upstream/midstream/downstream), 
petrochemicals, refining, drilling, offshore, 
associated industrial maintenance. 

Hospital/clinical/dental; COVID-
19; other non-comparable 
sectors without justification. 

Object of study: PPE PPE (respirators, gloves, coveralls, protective 
clothing) as the central object. 

General industrial waste without 
PPE; non-personal safety 
equipment unrelated to PPE. 

Condition: 
contaminated PPE / 
secondary 
contamination 

Contaminated PPE 
(hydrocarbons/chemicals/sludge/solvents) and/or 
secondary contamination/cross-contamination 
linked to handling. 

“Clean” PPE or general 
prevention without 
contamination/management; 
secondary contamination without 
a link to PPE. 
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Criterion Inclusion (I) Exclusion (E) 
Scope of the management process 

Management of 
contaminated PPE 

Cycle stages: segregation, containment, storage, 
transport, treatment/decontamination, final 
disposal. 

Tangential mentions without a 
description of processes, criteria, 
or practices. 

Traceability and 
decision-making 

Traceability models/systems (tracking, RFID, chain 
of custody) and/or decision-making (DSS, 
multicriteria, optimization) applied to the 
management of PPE/equivalent hazardous waste. 

Models unrelated to waste/PPE 
management or without relevant 
industrial application. 

Complementary analytical dimensions 

Circular economy Reuse/recycling/recovery/loop closure applied to 
contaminated PPE or comparable industrial waste, 
considering safety constraints. 

General circular economy without 
application to PPE/contaminated 
waste or without considering 
safety. 

Chemical risk Chemical risks associated with contaminated PPE 
(hydrocarbons, BTEX, PAHs, solvents, sludge, 
etc.). 

Chemical risk irrelevant to PPE or 
without connection to the 
management flow. 

Regulatory 
framework 

Regulations/standards/compliance requirements 
applicable to the management of contaminated 
PPE or hazardous waste (occupational, 
environmental, transport, documentary 
traceability). 

General regulations without 
impact on management or 
industrial safety. 

Type and quality of evidence 

Type of 
document/evidence 

Scientific articles, empirical studies, case studies, 
technical assessments, modeling/simulation with 
explicit assumptions, relevant prior 
systematic/scoping reviews, described technical 
frameworks/models. 

Opinion/editorial without 
technical support; news articles; 
documents without minimum 
methodological traceability. 

 
2.1.5. Data extraction (data charting) 

For each study included in the synthesis, a data extraction form was developed a priori. The variables 
extracted were: a) identification data: authors, year, country, journal; b) study design; c) type of PPE analyzed; d) 
contaminant(s) identified; e) industrial context; f) main findings related to the research question; and g) limitations 
reported by the authors. Extraction was performed by the lead author and verified by the second author. 
Discrepancies were resolved by consensus. 
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The extraction variables were defined based on the established eligibility criteria (Table 1) and the objectives 
of the review. For each included evidence source, data were sought on: a) type of personal protective equipment 
analyzed; b) nature and type of contaminant identified; c) industrial context of the study; d) methodological approach 
used; e) main findings related to the contamination, chemical persistence, or management of PPE; and f) limitations 
declared by the authors themselves. These variables are consistent with the analytical dimensions of the PCC 
framework defined for this review. 

In accordance with the PRISMA-ScR guidelines, the critical appraisal of the included evidence sources is 
an optional step in scoping reviews. In the present study, it was decided not to assess the methodological quality 
of the included studies, since the objective of the review is to map the state of the art and characterize the 
distribution of the available scientific knowledge on the phenomenon, regardless of the level of methodological rigor 
of each source. This decision is consistent with the exploratory purpose of scoping reviews, whose scope does not 
include the assessment of the effectiveness of interventions or the synthesis of evidence for clinical or regulatory 
decision-making (Peters et al., 2020; Tricco et al., 2018). 

2.2. Structural analysis of the documentary corpus using the core–periphery model 

Once the process of identification, selection, and eligibility of the studies had been completed following the 
PRISMA-ScR guidelines, a structural analysis of the documentary corpus was carried out in order to interpret the 
distribution of scientific knowledge related to the management of contaminated personal protective equipment 
(PPE). 

To this end, an interpretive approach based on the core–periphery model of knowledge was used. In the 
present study, the core was operationalized as the set of studies that fully met the inclusion criteria, while the 
periphery corresponds to the studies evaluated at full text that, although they did not meet those criteria, provide 
relevant contextual information for understanding the distribution and fragmentation of the available literature on the 
phenomenon. This approach made it possible to characterize the structure of the scientific field in a manner 
consistent with the exploratory purpose of the review. This model identified the presence of a core of evidence 
directly related to the phenomenon under study, as well as a periphery of scientific literature that addresses 
conceptual or contextual dimensions of the problem from different disciplinary domains. 

In the context of this review, the core of knowledge was defined as the set of studies that fully met the 
established inclusion criteria and that explicitly addressed the contamination, chemical persistence, or management 
of PPE in industrial or technically comparable contexts. For its part, the peripheral literature corresponded to those 
studies that, although evaluated at full text during the eligibility phase, were excluded for not meeting the defined 
thematic or methodological criteria, but which provide relevant information for understanding the context of the 
problem. 
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The application of this approach made it possible to characterize the structure of the documentary corpus 
and analyze the degree of conceptual fragmentation of the available literature, providing an interpretive basis for the 
discussion of the results and the identification of research gaps regarding the management of contaminated PPE 
in the hydrocarbon sector. The peripheral literature was not incorporated into the main qualitative synthesis or used 
to derive direct inferences about the central phenomenon under study, but only as interpretive support for analyzing 
the thematic and disciplinary fragmentation of the scientific field. 

3. RESULTS 

The search strategy made it possible to identify a total of 314 records in the scientific databases consulted. These 
records were distributed as follows: 

• Scopus: 62 records 
• Web of Science: 28 records 
• SciSpace: 224 records 

Subsequently, an initial screening process was carried out, in which 37 duplicate records and 159 records 
identified as ineligible through automation tools were removed, leaving a total of 118 records for the selection 
process. During the initial screening phase, based on the review of titles and abstracts, 35 records were excluded 
for not meeting the preliminary eligibility criteria. 

Consequently, 83 reports were requested for full-text retrieval. However, 44 documents could not be 
retrieved, mainly due to access restrictions, the absence of available versions, or institutional limitations. To retrieve 
them, complementary searches were carried out through DOI, academic repositories, scientific search engines, 
and platforms such as ResearchGate. Nevertheless, these documents remained inaccessible. Finally, 39 reports 
were evaluated in full to determine their suitability, through the application of the inclusion and exclusion criteria 
established for the review. Of these, 34 studies were excluded from the central focus of the research for the following 
reasons: 

• Context and object of the study (n = 22). 
• Scope of the management process (n = 9). 
• Complementary analytical dimensions (n = 2). 
• Type and quality of the evidence (n = 1). 

After this process, five studies met the established criteria and were included in the qualitative synthesis of 
the scoping review. The complete flow of the process of identification, selection, and eligibility assessment of the 
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studies is presented in the PRISMA-ScR diagram (Figure 1). This scheme described in detail the screening stages, 
from the initial search in scientific databases to the formation of the final corpus, including the removal of duplicates, 
the exclusion of irrelevant records, the retrieval of full texts, and the application of the inclusion and exclusion criteria. 
Its inclusion ensures the transparency, traceability, and reproducibility of the methodological process followed in 
the review. 

Figure 1 
PRISMA-ScR diagram 
 

 

 

 

 

 

 

 

 

 

 

 

 

3.1. General characterization of the documentary corpus 

The analysis of the final corpus made it possible to identify 39 studies relevant to the investigated 
phenomenon, distributed across two levels of analysis within the scientific field. The core of knowledge: five studies 
included in the qualitative synthesis; and the peripheral literature: 34 studies excluded by strict eligibility criteria, but 
relevant for understanding the context of the problem. This structure reflected a typical configuration of emerging 
scientific fields, in which a small number of studies directly addresses the object of research, while a broader set of 
related research contributes to contextualizing the phenomenon from different disciplinary approaches. 
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The limited number of studies included in the core of evidence should not be interpreted solely as a 
methodological limitation of the review, but also as evidence of the conceptual, technical, and operational 
fragmentation that exists around the management of contaminated PPE in the hydrocarbon sector. This thematic 
dispersion suggests that the phenomenon has been addressed only partially from different disciplinary domains, 
without yet consolidating into an integrated field of research. The small number of studies that simultaneously met 
criteria related to chemical contamination, comprehensive management, traceability, and the hydrocarbon context 
demonstrates the absence of integrative frameworks capable of articulating operational, regulatory, environmental, 
and occupational dimensions around the management of contaminated PPE. 

The conceptual breadth identified precisely reflects the absence of disciplinary consolidation of the 
phenomenon, where the dimensions of chemical risk, traceability, sustainability, and operational management still 
remain addressed in a fragmented manner. This situation limits the development of comprehensive models for the 
management of contaminated PPE and hinders the articulation between occupational safety, regulatory 
compliance, and the circular economy in complex industrial contexts. 

3.1.1. Core of knowledge: included studies 

The five studies included in the review directly address aspects related to the contamination, chemical 
persistence, or management of personal protective equipment in industrial or technically comparable contexts 
(Table 2). 

Table 2 
Characteristics of the included studies 

No. Reference Country Study design Type of PPE 
analyzed 

Contaminant(s) 
identified Industrial context 

1 Desouky & 
Morsi (2018). 

Egypt. Experimental 
study/occupa
tional 
assessment. 

Coveralls, gloves, 
and radiological 
decontamination 
PPE. 

NORM, natural 
radionuclides, 
radiological 
contamination. 

Cleaning and 
decontamination 
operations in oil & 
gas. 

2 Crown et al. 
(2004). 

Canada. Experimental 
study. 

Thermal clothing 
and industrial 
protective 
clothing. 

Oils, 
hydrocarbons, 
and combustible 
residues adhered 
to textiles. 

Oil & gas industry 
and field 
protective 
clothing. 

3 Hossain et 
al. (2023). 

United 
States of 
America. 

Laboratory 
experimental 
study 

Firefighter 
gear/technical 
protective textiles. 

PAHs (polycyclic 
aromatic 
hydrocarbons). 

Emergency 
services and 
exposure to 
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Table 2 
Characteristics of the included studies 

No. Reference Country Study design Type of PPE 
analyzed 

Contaminant(s) 
identified Industrial context 

chemical 
contaminants. 

4 Girase et al. 
(2023b). 

United 
States of 
America. 

Comparative 
experimental 
study. 

Turnout 
ensembles/firefight
er protective 
clothing. 

PAHs and 
persistent 
contaminants 
adhered to textile 
fibers. 

Firefighting 
services and 
management of 
contaminated 
PPE. 

5 Wilkinson et 
al. (2023). 

United 
States of 
America. 

Applied 
experimental 
study. 

Complete PPE 
ensembles for 
firefighters. 

PAHs and 
combustion 
residues. 

Fire response 
operations and 
occupational 
exposure. 

 

In general terms, these studies analyze: 

• Adsorption and accumulation of chemical contaminants in protective textiles. 
• Persistence of hazardous organic compounds in PPE materials. 
• Limitations of conventional decontamination processes. 
• Risks of secondary exposure arising from contact with contaminated equipment. 

Nevertheless, none of the identified studies propose comprehensive models for the management of 
contaminated PPE that simultaneously incorporate operational, regulatory, and environmental dimensions within 
the specific context of petroleum operations. 

3.1.2. Thematic characterization of the core of evidence 

The analysis of the five studies included in the qualitative synthesis made it possible to identify the main 
approaches from which the scientific literature has addressed the problem of personal protective equipment 
contamination. Unlike the peripheral literature, which showed a high conceptual dispersion, the included studies 
displayed a thematic concentration on specific aspects related to the interaction between chemical contaminants 
and protective materials. 
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In particular, the results indicated that 40% of the included studies (n = 2) focus on the analysis of chemical 
contamination and the adsorption of compounds in textile materials used in protective equipment, examining the 
capacity of these materials to retain hydrocarbons, solvents, or other hazardous substances present in industrial 
environments. 

On the other hand, 20% of the studies (n = 1) analyzed the processes of persistence and transfer of 
contaminants on synthetic surfaces or materials, highlighting the possibility of secondary exposure arising from 
contact with contaminated equipment. Likewise, 20% of the studies (n = 1) addressed decontamination or 
treatment strategies for contaminated materials, assessing the effectiveness of different methods for removing 
hazardous compounds adhered to technical textiles. 

Finally, the remaining 20% (n = 1) was related to risk or occupational exposure analysis associated with 
contact with contaminated materials, providing evidence on the possible impacts on workers' health. Taken 
together, these results showed that the available core of evidence concentrates mainly on the physicochemical and 
experimental aspects of the phenomenon, while dimensions related to operational management, the traceability of 
contaminated PPE, and its integration within environmental management or industrial waste systems remain 
scarcely addressed (Table 3). 

Table 3 
Percentages of the core of knowledge  
No. Thematic approach n studies % of the core Studies 

1 Chemical contamination and adsorption of 
compounds in PPE textile materials. 

2 40% Hossain et al. (2023); 
Girase et al. (2023a). 

2 Persistence and transfer of contaminants 
in synthetic materials. 

1 20% Wilkinson et al. (2023). 

3 Decontamination or treatment strategies 
for contaminated materials. 

1 20% Crown et al. (2004). 

4 Risk or occupational exposure analysis 
from contact with contaminated PPE. 

1 20% Desouky & Morsi 
(2018). 

 Total 5 100%  
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In order to identify the specific contribution of the studies belonging to the core of evidence, an analytical 
synthesis of their main findings, dimensions addressed, and limitations reported by the authors was carried out 
(Table 4). This integration made it possible to relate each study to the research question and to the core–periphery 
model proposed in the study. 

Table 4  
Relevant data extracted by study 

No. Reference Main finding related to the 
research question 

PCC dimension 
addressed 

Gap or 
limitation 
identified 

Classification 

1 Crown et al. 
(2004). 

Conventional cleaning 
does not completely 
remove hydrocarbons and 
residues adhered to PPE. 

Technical 
management/ch
emical risk. 

Does not 
establish 
universal 
criteria for 
residual 
contamination. 

Core 

2 Desouky & 
Morsi 
(2018). 

Contact with contaminated 
petroleum equipment 
generates occupational 
exposure during 
decontamination 
processes. 

Chemical 
risk/technical 
management. 

Limited to 
radiological 
contamination 
(NORM). 

Core 

3 Hossain et 
al. (2023). 

Some cleaning methods 
reduce PAHs, although 
contaminants persist in 
technical textiles. 

Technical 
management/ch
emical risk. 

Does not 
analyze 
applications in 
petroleum 
operations. 

Core 

4 Girase et al. 
(2023b). 

Cleaning techniques 
simultaneously affect the 
decontamination and 
durability of PPE. 

Technical 
management/ch
emical risk. 

Limited 
experimental 
conditions. 

Core 



 
 
Sociedad de Investigación sobre Estudios Digitales S.C. | ISSN: 2683-328X 
 
 
 

 

Valdez-Contreras A. G., Sosa-Olivier J. A., López-Ramos A., & Laines-Canepa J. R. (2026). State of the art and research gaps 
in the management of contaminated personal protective equipment in the hydrocarbon sector: a scoping review. 
Transdigital, 7(14), e630. https://doi.org/10.56162/transdigital630 

16 

Table 4  
Relevant data extracted by study 

No. Reference Main finding related to the 
research question 

PCC dimension 
addressed 

Gap or 
limitation 
identified 

Classification 

5 Wilkinson et 
al. (2023). 

Washing partially reduces 
PAH contamination in PPE 
ensembles. 

Technical 
management/ch
emical risk. 

Does not 
address 
traceability or 
final disposal. 

Core 

 

3.1.3.  Peripheral literature and associated scientific domains 

In order to understand the thematic distribution of the analyzed literature, a categorization of the 34 
excluded studies was carried out according to the main approaches identified during the eligibility phase. This 
analysis grouped the evidence into three predominant domains: PPE waste in healthcare contexts, industrial waste 
management in the hydrocarbon sector, and occupational safety focused on PPE use. This classification facilitated 
the interpretation of the peripheral literature and revealed the conceptual fragmentation that exists around the 
phenomenon of contaminated PPE. The main approaches identified are presented below. 

In order to analyze the thematic distribution of the studies excluded during the eligibility phase, a 
classification of the literature was carried out according to the main approaches identified. This exercise made it 
possible to group the works into three predominant domains: PPE waste in healthcare contexts, industrial waste 
management in the hydrocarbon sector, and occupational safety centered on PPE use (Table 5). This organization 
facilitated the interpretation of the peripheral literature and revealed the conceptual fragmentation of the field of 
study around the management of contaminated PPE.  

Table 5 
Thematic axes of the peripheral literature 
PPE waste in healthcare contexts Industrial waste management in 

the hydrocarbon sector 
Occupational safety and risk 

prevention 

A significant body of research 
focuses on the management of 
PPE waste in hospital contexts, 
particularly in relation to the 
COVID-19 pandemic. These 

Another group of studies 
addresses the environmental 
management of waste associated 
with petroleum operations, 
including drilling muds, produced 

A third group of studies focuses on 
industrial safety and the use of PPE 
as a preventive tool to reduce 
workers' exposure to occupational 
hazards. However, these studies 
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Table 5 
Thematic axes of the peripheral literature 
PPE waste in healthcare contexts Industrial waste management in 

the hydrocarbon sector 
Occupational safety and risk 

prevention 
studies analyze the massive 
generation of plastic waste, its 
environmental impact, and the 
treatment technologies applicable 
to infectious waste. 

water, and hazardous industrial 
waste. Although these works 
provide relevant knowledge about 
waste management systems in the 
hydrocarbon sector, contaminated 
PPE is not usually considered as a 
specific stream within these 
systems. 

concentrate on the selection and 
effectiveness of PPE during use, 
without addressing its subsequent 
management once contaminated. 

 

The analysis of the 34 studies excluded during the eligibility phase made it possible to identify a marked 
conceptual fragmentation within the research field related to the management of contaminated PPE. The 
classification of these studies according to the exclusion macro-criteria shows that most of the available literature 
addresses the phenomenon from partial perspectives that do not directly correspond to the object of study defined 
for this review. 

It is recorded (Figure 2) that 65% of the excluded studies (n = 22) were classified within the context and 
object of the study category, indicating that a significant proportion of the literature analyzes issues related to PPE, 
contamination, or industrial waste in contexts other than the hydrocarbon sector, or without specifically addressing 
PPE contamination as a residual stream. 

Second, 27% of the studies (n = 9) were excluded because they correspond to the scope of the 
management process. That is, research that analyzes partial components of waste management or environmental 
management, but without considering the complete management cycle of contaminated PPE within comprehensive 
management systems. 

The remaining categories presented a considerably smaller representation. 5% of the studies (n = 2) were 
excluded for corresponding to complementary analytical dimensions, while another 3% (n = 1) were excluded for 
criteria related to the type and quality of the evidence, which suggests that most of the identified documents meet 
minimum standards of scientific production, although not necessarily the thematic relevance required for the review. 
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Figure 2 
Peripheral studies 

 

 

 

 

 

Taken together, these results reflected that the main cause of exclusion is not associated with 
methodological or evidence-quality problems, but with the thematic misalignment between the available literature 
and the specific object of study. This confirmed the existence of a research gap regarding the management of 
contaminated PPE in hydrocarbon sector operations. 

This distribution supported the hypothesis that scientific knowledge about this phenomenon is dispersed 
across different research domains, which contributes to the conceptual fragmentation of the field and explains the 
limited availability of studies that address the problem from a comprehensive approach. 

3.1.4. Core–periphery structure of knowledge 

The distribution of the identified studies reveals a core–periphery structure within the scientific field 
analyzed. In this type of configuration, a small set of studies constitutes the core of knowledge directly related to 
the phenomenon under study, while a broader periphery of scientific literature addresses partial dimensions of the 
problem from different disciplinary domains. 

In the case of this review, the five included studies represented the available core of evidence on the 
contamination and management of PPE, while the 34 peripheral studies provided contextual information on 
industrial waste, occupational safety, and environmental management. This pattern is characteristic of emerging 
research areas, in which knowledge is distributed across different disciplines and has not yet consolidated into an 
autonomous line of research. 
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4. DISCUSSION 

The results of this scoping review answered the research question posed. Regarding the state of the art of the 
scientific evidence, a small corpus of five studies was identified that directly address chemical contamination and 
the management of PPE in industrial contexts, which demonstrates the limited specific attention that this 
phenomenon has received in the literature.  

Regarding comprehensive management models, none of the identified studies proposed a framework that 
simultaneously articulates the dimensions of traceability, chemical risk, regulatory framework, and circular economy 
in the context of the hydrocarbon sector. This absence constitutes the central structural gap identified in the review 
and justifies the development of future research oriented toward the integration of these dimensions. 

4.1. Interpretation of the core of evidence 

The results indicated that the core of scientific evidence is related to the contamination and management 
of PPE, but it is limited. Of the 39 studies evaluated at full text, only five studies met the defined inclusion criteria, 
which indicated that the phenomenon of contaminated PPE has received little specific attention within the available 
scientific literature. The limited number of included studies does not necessarily reflect an absolute absence of 
research, but rather the lack of simultaneous integration of technical, regulatory, operational, and environmental 
dimensions within a single analytical framework. 

The conceptual breadth identified precisely reflected the absence of disciplinary consolidation of the 
phenomenon, where the dimensions of chemical risk, traceability, sustainability, and operational management still 
remain addressed in a fragmented manner. The studies that made up this core concentrated on the analysis of 
interactions between chemical contaminants and textile materials used in protective equipment, as well as on the 
persistence of hazardous substances on synthetic surfaces and fibers. In particular, these studies highlighted that 
the materials used in gloves, coveralls, and technical textiles can act as reservoirs of contaminants, allowing the 
adsorption and accumulation of persistent organic compounds or hydrocarbons present in industrial environments 
(Crown et al., 2004; Hossain et al., 2023; Girase et al., 2023a). 

These findings suggest that PPE not only performs a protective barrier function during its operational use, 
but can also become a potential vector of secondary exposure, especially when decontamination, storage, or final 
disposal procedures do not consider the chemical characteristics of the contaminants present (Wilkinson et al., 
2023; Desouky & Morsi, 2018). However, none of the included studies proposed comprehensive frameworks for 
the management of contaminated PPE, nor systematically analyzed its handling within environmental management 
or industrial waste systems in petroleum operations. This shows that the phenomenon has been addressed mainly 



 
 
Sociedad de Investigación sobre Estudios Digitales S.C. | ISSN: 2683-328X 
 
 
 

 

Valdez-Contreras A. G., Sosa-Olivier J. A., López-Ramos A., & Laines-Canepa J. R. (2026). State of the art and research gaps 
in the management of contaminated personal protective equipment in the hydrocarbon sector: a scoping review. 
Transdigital, 7(14), e630. https://doi.org/10.56162/transdigital630 

20 

from technical or experimental perspectives, but not from integrative approaches that simultaneously consider 
operational, regulatory, and environmental dimensions. 

4.2. Interpretation of the peripheral literature 

In addition to the identified core of evidence, this review analyzed 34 studies that, although they did not 
meet the strict inclusion criteria, provide relevant conceptual elements for understanding the context of the problem. 
These studies made up the peripheral literature of the scientific field, addressing dimensions related to the 
phenomenon from different disciplinary domains. 

The thematic analysis made it possible to identify three main domains within this literature. The first 
corresponds to research on the management of PPE waste in healthcare contexts, particularly during the COVID-
19 pandemic, where a significant increase in the generation of plastic waste and the challenges associated with its 
handling and final disposal are evident (Uddin et al., 2022; Eze et al., 2022; Andeobu et al., 2022). 

The second domain is related to the environmental management of industrial waste in the hydrocarbon 
sector, where various studies analyze the management of waste streams such as drilling muds, hazardous waste, 
and contaminants associated with petroleum operations (Ali et al., 2019; Lemos et al., 2022). However, in these 
studies contaminated PPE is rarely considered as a differentiated waste stream. 

The third domain corresponds to occupational safety, where the literature focuses on the effectiveness of 
PPE as an exposure-control measure against chemical or physical hazards, without addressing its subsequent 
management (Chakr & Sav, 2024; Podgórski et al., 2017). Taken together, this peripheral literature shows that the 
phenomenon of contaminated PPE is dispersed across different research fields, each addressing partial dimensions 
of the problem without integrating them into a systemic approach. 

4.3. Fragmentation of scientific knowledge 

The coexistence of a small core of evidence and a broad periphery of literature suggests the presence of a 
core–periphery structure within the scientific field analyzed, characteristic of emerging interdisciplinary fields where 
knowledge is distributed across different disciplinary domains. The fragmentation observed regarding the 
management of contaminated PPE coincided with patterns described in other emerging interdisciplinary fields, 
where scientific evidence is distributed across partially disconnected domains (Cucuringu et al., 2016; Rombach et 
al., 2014). In this regard, the use of scoping reviews makes it possible to map areas with limited conceptual and 
methodological consolidation, particularly when the available literature presents high thematic heterogeneity (Peters 
et al., 2015; Peters et al., 2020). 
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In the case of contaminated PPE, the phenomenon lies at the intersection of occupational safety, industrial 
waste management, and environmental contamination. However, each discipline addresses the problem from 
particular perspectives, generating a fragmentation of knowledge that hinders the development of comprehensive 
approaches to its management. This fragmentation limits the capacity of existing management systems to recognize 
contaminated PPE as a waste stream with specific characteristics that require differentiated management 
strategies. 

4.4. Implications for environmental management in the hydrocarbon sector 

From an applied perspective, the results suggest that the management of contaminated PPE represented 
an insufficiently developed area within the environmental management systems of the hydrocarbon sector. Although 
protocols for hazardous waste exist, PPE is not usually considered as a differentiated stream (Ali et al., 2019; 
Desouky & Morsi, 2018). 

The absence of clear guidelines can generate problems such as mixing with conventional waste or the lack 
of technical criteria for its treatment. In this regard, the development of comprehensive management models is 
required that consider the complete life cycle of PPE, including traceability, chemical characterization, and regulatory 
compliance. 

4.5. Regulatory implications and circular economy 

The literature showed limited integration between industrial safety, environmental regulation, and the 
circular economy. While PPE regulations focus on protection during use, environmental regulations address waste 
in a general manner (Singh et al., 2020; Teymourian et al., 2021). 

The incorporation of circular economy approaches entails additional challenges, particularly in the recovery 
of contaminated materials, where secondary-exposure risks must be considered (Debnath et al., 2022; Javid et al., 
2023). Likewise, several international studies have pointed out that the implementation of traceability and circular 
economy strategies for contaminated waste faces barriers related to regulatory uncertainty, contaminant 
heterogeneity, and the absence of harmonized technical criteria for the safe recovery of materials (Singh et al., 2020; 
Lyu et al., 2024; Akano et al., 2024). 

4.6. Limitations of the review 

This scoping review presented seven limitations (Table 6). The core–periphery model was applied in a 
conceptual and interpretive manner, without the use of computational network-analysis tools, which limits the 
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possibility of formally quantifying the relationships between the identified domains. This decision is consistent with 
the exploratory scope of the review. 

Table 6 
Limitations of the study 

Limitation Description 

Database coverage Three sources were consulted (Scopus, Web of Science, and SciSpace), without 
including databases such as PubMed, EMBASE, or Redalyc, which may have reduced 
the comprehensiveness of the corpus. 

Grey literature No systematic search was carried out for technical reports, standards, or regulatory 
documents, which may have limited the evidence on regulatory frameworks and 
industrial practices. 

Full-text retrieval 44 articles could not be retrieved due to access restrictions. 

Partial dependence 
on SciSpace 

Due to its semantic approach, this platform may have introduced conceptual noise or 
the retrieval of literature partially removed from the object of study; however, all 
records were subjected to the same eligibility and methodological screening process. 

Possible publication 
bias 

The review focused on indexed literature, which may favor studies with greater 
academic visibility. 

Critical quality 
appraisal 

No formal methodological assessment of the included studies was carried out due to 
the exploratory nature of the scoping review. 

Absence of a 
registered protocol 

The review was not preregistered, which limits the external verification of deviations 
from the original design. 

 

4.7. Future lines of research 

The results demonstrated the need to expand research on contaminated PPE. Future research should 
focus on chemical characterization, the development of decontamination protocols, the implementation of 
traceability systems, and the design of management models based on the circular economy (Sharma et al., 2024; 
Lyu et al., 2024). 
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5. CONCLUSIONS 

This exploratory review mapped the state of scientific knowledge related to the contamination and management of 
PPE in industrial contexts, particularly in the hydrocarbon sector. Based on the systematic search strategy and the 
selection process documented through the PRISMA-ScR protocol, 39 relevant studies evaluated at full text were 
identified, of which five studies made up the core of evidence directly related to the phenomenon under study. 

The results showed that scientific research on the management of contaminated PPE is limited and 
fragmented, since most of the available literature is distributed across adjacent scientific domains, such as 
occupational safety, industrial waste management, and research on PPE waste in healthcare contexts. This 
distribution identified a core–periphery type knowledge structure, in which a small set of studies directly addresses 
the phenomenon, while a larger volume of peripheral research provides conceptual or contextual elements. 

The analyzed evidence suggests that, although relevant knowledge exists about the risks associated with 
chemical contaminants in textile materials and about waste management in petroleum operations, contaminated 
PPE has not been systematically addressed as a specific waste stream within environmental management or 
industrial waste systems. This situation reflects an important gap in the scientific literature, particularly with regard 
to the integration of technical, regulatory, and environmental dimensions related to the life cycle of PPE. 

From an applied perspective, the results of this review revealed the need to develop comprehensive 
approaches for the management of contaminated PPE in the hydrocarbon sector. It is important to consider aspects 
such as the characterization of contaminants present in the materials, the traceability of the equipment throughout 
its use cycle, and the articulation with regulatory frameworks related to occupational safety and hazardous waste 
management. 

Likewise, the incorporation of circular economy principles into the management of contaminated PPE 
represents an emerging line of research that requires further scientific development. This is particularly so in relation 
to decontamination technologies, material recovery strategies, and management mechanisms compatible with 
environmental protection and industrial safety criteria. Taken together, this review revealed an incipient field of 
research, characterized by the dispersion of knowledge across different disciplines, and proposes a conceptual 
basis for future research oriented toward the development of comprehensive management models for 
contaminated PPE in high-risk industrial contexts. 
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