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ABSTRACT

Introduction: In recent years, exposure to nanomaterials has been known as a challenge among
occupational health experts. In this line, personal protective equipment has been considered as a solution
to reduce the worker’s exposure. Since respiratory and skin tracts represent the most common workplace
exposure routes, knowledge of the efficiency of respiratory and skin protection equipment is particularly
important. So, the aim of this study is the assessment of the efficiency of respiratory and skin protection
equipment toward controlling nanoparticles in the workplace with a scoping review approach.

Material and Methods: This study was conducted in 2022 with a scoping review approach. Arksey and
O’Malley’s five-step framework was chosen as the research method. The search strategy was followed in
the databases necessary to access the research data, including PubMed, Google Scholar, Science Direct,
Web of Science, and Scopus. Also, EndNote X9® and Microsoft Excel software were used to collect and
analyze studies, respectively.

Results: In the first step, 1014 articles were identified. Finally, 38 articles were included in the study to
examine quantitative and qualitative information about the efficiency of respiratory and skin protective
equipment. Twenty-five articles were related to breathing masks, and six studies were about protective
gloves, and seven other articles were devoted to protective clothing. According to the studies of breathing
masks, the mean total penetration of nanoparticles was estimated at 2.27%. Also, based on the studies of
protective clothing, the maximum penetration of nanoparticles was 30nm for protective clothing made of
polypropylene and polyethylene with different layers.

Conclusion: Although the efficiency of existing personal protective equipment showed a good result for
controlling nanoparticles, the size of nanoparticles is one of the essential parameters in determining
the efficiency of the equipment, which should be considered the workplaces. So, it is recommended
that more studies be considered to improve their efficiency, and standard tests should be developed to
evaluate them.
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1. INTRODUCTION

Due to the different physicochemical
properties of nanomaterials and their potentially
harmful effects in the workplace, it is necessary to
reduce exposure to the lowest possible level using
control strategies. Although personal protective
equipment (PPE) is the last control measure
to ensure the safety and occupational health of
employees exposed to harmful factors at work,
due to the different nature of nanoparticles, their
use has been emphasized in most studies. Since
respiratory and skin tracts represent the most
common workplace exposure routes, knowledge
of respiratory and skin protection equipment
efficiency is particularly critical. In the studies, the
efficiency of PPE for nanoparticles, their types,
and the quantitative variables used have significant
variations. Therefore, this study aims to assess
the efficiency of respiratory and skin protection
equipment in controlling nanoparticles in the
workplace. It uses a scoping review approach.

2. MATERIAL AND METHODS
This study was conducted in 2022 with a
scoping review approach. This adopts a clear and
accurate process based on the five-step framework
of Arksey and O’Malley. It provides the possibility
of repeating the search strategy and increasing
the reliability of the study findings. The proposed
five steps of domain review include a) research
questions, b) identification of related studies, c)
selection of related studies, d) data collection, and
e) summarizing and preparing reports. The search
strategy was followed in the databases necessary to
access the research data: PubMed, Google Scholar,
Science Direct, Web of Science, and Scopus.
The screening was managed by two researchers
independently. Disagreements were resolved via
discussion or a third researcher. Also, a list of
articles was provided by EndNote X9° (Thomson
Reuters, Toronto, Canada) software, and data
analysis was provided by Microsoft Excel software.
The flowchart for identifying and selecting
articles is presented in Figure 1.
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Fig. 1: The process of selecting and screening articles
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3. RESULTS AND DISCUSSION

In the first step, 1014 articles were identified.
Finally, 38 articles were included in the study to
examine quantitative and qualitative information
about respiratory and skin protective equipment
efficiency. Twenty-five articles were related to
breathing masks, six studies were about protective
gloves, and seven others were devoted to safety
clothing.Inallstudiesbased onrespiratoryprotective
equipment, the diameter size of nanoparticles
(< 100 nm) and mean penetration were reported
as a function of particle number concentration
using particle counting measurement techniques.
Nanoparticle penetration was estimated at 2.27%.
Fourteen studies on breathing masks were tested
with mannequins to simulate natural workplace
conditions. According to the National Institute
for Occupational Safety and Health (NIOSH)
protocol, nine studies used filter boxes to install
respirators. Two other studies were conducted as
field simulations on people. Investigations about
evaluating skin protection equipment against
nanoparticles were mainly experimental studies
using test chambers to simulate the conditions of the
actual use of the equipment. In the studies of skin
protection equipment, six studies evaluated gloves.
Also, seven articles discuss the protection of people
wearing protective clothing from nanoparticles.
In this study, nanoparticle penetration was 30nm
for protective clothing made of polypropylene
and polyethylene with different layers. These
experimental studies investigated a wide range of
laboratory methods (such as laboratory studies
based on diffusion and filtration), test conditions
(such as aerosolized solids, humidity, and physical
stress), and types of nanoparticles. A study was
conducted on particles ranging from 10 to 100 nm,
with 30 and 85 L/min airflow rates. 50 nm MPPS
was observed in the tested masks. The findings
also showed that N95 masks can exceed 5%
MPPS in 85 L/min airflow. However, N95 masks
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are expected to have a filtration efficiency of 95%
against nanoparticles. Other parameters affecting
the penetration of nanoparticles through filters and
breathing masks are related to the characteristics
of the nanoparticles, including charge, shape,
type, and size distribution. The filtration efficiency
of fiberglass filters for NaCl nanoparticles with
a size range of 2-100 nm decreased when they
became charged particles. In the investigations of
N95 masks to control TiO2, NaCl, and nanotube
nanoparticles, the penetration rate at a flow rate of
130 L/min was more than 5%. The tests conducted
on protective clothing included various types of
acidic nanoparticles, potassium chloride, NaCl,
graphite, titanium dioxide (TiO2), iron oxide,
silver, and platinum as dry aerosol and colloidal
solutions. In the case of dry aerosols with oleic acid
and potassium chloride particles with a diameter
between 15 nm and 3 mm at different flow rates,
the rate of the flow pattern passing through the
media was similar to the samples obtained from
protective clothing of various materials exposed to
NaCl aerosols with a flow rate of 10 and 32 L/min.
In this case, the MPPS values varied between 100
and 500 nm.

4. CONCLUSIONS

One of the main challenges in occupational
settings is to investigate the effect of the mentioned
parameters on the efficiency of PPE in workplaces.
Reviewed studies showed that although existing
PPE is suitable for controlling nanoparticles, the size
of nanoparticles is one of the essential parameters
in determining equipment efficiency. Therefore,
standard test methods should be developed to
measure PPE efficiency in nanoparticle exposure.
For this reason, it is necessary to have a suitable
guide for choosing them. Therefore, future research
should focus on formulating guidelines and
developing novel manufacturing processes for PPE
against nanoparticles.
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1. Personal Protection Equipment (PPE)

2. The National Institute for Occupational Safety and Health
(NIOSH)

3. Most Penetrating Particle Size (MPPS)

4. Particle Permisible (PP)

5. Assigned Protection Factor (APF)

6. Workplace protection factor (WPF)
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1. Effective protection factor (EPF)

2. Program protection factor (PPF)

3. Scanning Mobility particle seizer (SMPS)
4. Compressed particle counters (CPC)
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